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WOCA
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World outside centrally planned economies area
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1. A!l suma of money are expressed in United States dollars.

2. The designations employed and the presentation of material in this document do not imply the expression
of any opinion whatsoever on the part of the Secretariat concerning the legal status of any country or territory
or of its authorities, or ~oncerning the delimitation of its frontiers.

3. The term "non-nuclear-weapon State" is used as in the Final Document of the 1968 Conference of
Non-Nuclear-Weapon States (United Nations document A/7277) and in the Treaty on the Non-}»roliferation
of Nuclear Weapons.
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EXECUTIVE SUMMARY

Personnel and ftnance

1. At ~be end of 1988. the number of members of the
S"cretariat (including persons serving under Special
Service Agreements and on temporary 88sistance con­
tracts) was 797 in tbe Professional and big'ter categories,
11S0 in the General Service category and 132 in tbe
Maintenance and Op.erative Service category.

2. The Regular Budget total for tbe year 1988 was
$156 182 000 at AS 12.21, of which $146 838 000 was
finan(;~d from contributions made by Member States on
tbe basis of tbe 1988 scale ofassessment, SS 366000 from
income from work for otbers and $3 978 000 from otber
miscellaneous incom",

Main events of 1988

3, Tbe ITER (International Thermonuclear Ex­
perimental Reactor) Council beld its inaugural meeting
(see liara. 26); the Board ofOovernors and tbe General
Conference disr.uased tbe extent to whicb tbe Agency's
programme activities contribute towards achieving the
objectives of tnviroDmentally sound and sustainable
development (see para. 37); the Joint Protocol Relating
to the Application of the Vienna Convention and tbe
Paris Convention dealing witb civil liability for nuclear
damage was adopteJ and opened for signature (sce
para. 33); the Agency and Cbina concluded an agree­
ment relating to tbe lat:,}r'sv'1luntary offer to rlace some
of its peaceful nuclear installations undcr Agency
saf:guarda (sef.,.,ara. 31); new premists for tiAc Interna­
tional Laborp,(ory of Marine Radioactivity wrre officilil­
lyopened (:tee para. '30); an iniernational doc::"",rnt on
food irradiation was adopted by tbe Inte.'l .tional t:OI\

ference on tbe Acceptance, Control 01 ..nd Trade in
Irradiated Food (see para. 23).

Nuclear power

4. The tOlal installed nuclear power g~nerating

capacity in the world increased by about 4,3% durins
1988, reacbing 311 GW(e) by the end of tbe yeti.,
Nuclear power plants accounted for about 17% of the
world's electricity generation in 1988, at tbe end of
which tbe. : were 429 nuclear power plants in operation
(see Table 1), representing 8n accumulated operating
experience of around 5000 reactor years.

5. During the year, 14 nuclear poWl:.r plants camc on
line (in France, the Federal Repu~'lic of Germany,
Jara~! tbe Republic of Korea, Sp.:~. tbe United
Kingdom, the l'SA !lnd tbc USSR) and construction
work started OD six plants (in Chin&, France, Japan, tbc
United Kingdom and the USSR). Two reactors with a
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total capacity of 335 MW(e) were permanently shut
down in tbe United Kingdom and tbe USSR. These
reactors were first connected to the arid in 1962 and
1964 respectively.

6. Tbe worldwide evolution of nuclear power con­
tinued during the year 1988 without significant changes
or spectacular events, maintaining in general the same
trends tbat prevailed in 1987. Most Member States with
ongoina nuclear power programmes contillued accord­
ing to their respectivc plans, building up tbe nuclear
contri),ution to the electricity generation sec,:tor, In
some Member States, where the opposition to nuclear
power is strong, tbe slow-down or suspension of nuclear
power programmes continued, DOlWitbstandiD~ tbe
trend of increasing concern regardi4g the environlDen­
tal effects of otber sources of electricity,

Nuelear ruel cycle

7. Particular attention was paid in 1988 to: the long
term uranium supply/demand situation; tbe economics,
safetyand regulatory aspects of uranium mining; and the
application to emergen~ response situatioDl of the
techniques and data developed during uranium cxplora­
tion, In addhioD, work was carried out OD tbe safety
aspects of th~ production, handling, storage and
tranllrortation of uranium hexafluoride and on the col­
lection and analysis of information on world nuclear fuel
cycle facilities, An a&1alysis of the economics (\i~ low
t:~ricbed urJnium was performed, and tbe first "World
A'la!! of Uranium Occurrences and Deposits", cODtain­
In~ over 6000 records of uranium nccurrenccs in 96
eu' lmies, was published,

8, In the field of r~actor fuel performance, emphasis
was placed on improving fuel utilization and the o~rat­

ing conditions at nuclear power plants, with consider­
aMe effortsdevoted to questions offuel reliability, safety
aDd quality,

9. As regards tbe back-end of tbe nuclear fuel ~c1e,
the main emphasis was placed on the safety, ecoDomic,
tecbnical and environmental aspects of spent fuel
storage and on the strategies and optioDl of spent fuel
management as a whole,

Radioactive waste m,~nalement

10, During 1988, emphasis on waste m..nagcment
problems ofdeveloping countries received bigb priority.
Tbe Waste Management Advisory Programme
(WAMAP) conducted missions to 12 developing
countries, providingusistance on the establishment and
implementation of national radioactive waste mana8e»
ment programmes. Programme support was also



Table 1

Nuclear power reactors in operation and under construction at the end of 1988

Ul der
Blectrlclty suppl104J Totp.1 oporatlna

In operation
construction

by nuclear power experience
reactors In 1988 to cl'ld 1988

Country ---
name No. of Total No. of Total TW(e)·h ' of Years Months

units MW(e) units MW(e) tOllll --
Araentlna 2 935 692 5.1 11.2 20 7
Bolalum 7 5480 40.6 65.5 86 7
Brazil 1 626 1 1 245 0.6 0.3 6 9
Bulaarla 5 2585 2 1 906 16.0 35.6 43 8
Canada 18 12 185 4 3524 78.2 16.0 2fl6 0

China 3 2 148
Cuba 2 816
Czechoslovakia 8 3264 8 5 120 21.7 26.7 44 1
Plnland 4 2310 18.4 36.0 39 4
Prance 55 52 ~88 9 12245 260.2 69.9 488 1

()ennan Democratic
Republic 5 1694 6 3432 10.9'" 9.9 72 ,

Germany, Pederal Republic of 23 21491 2 1 520 137.8 34.0 279 3
Hun.ary 4 1645 12.6 48.9 14 2
Inula 6 1 154 8 1 760 5.4 3.0 72 8
Iran, islamic Republl\: \If 2 2392

Italy 2 1 120 77 to
Japan 38 28253 12 10931 167.8'" 23.4- 394 0
Koru, Republic of 8 6270 1 900 38.0 46.9 36 4
Melllco 2 1 308
Netherlands 2 508 3.5 5.3 35 9

Pakistan 125 0.2 0.6 17 3
Poland 2 880
Romania 5 3300
South Africa 2 1 842 10.5 7.3 8 3
Spain 10 7519 48.3 36.1 82 7

Sweden 12 9693 66.3 46.9 135 2
Switzerland 5 2952 2U 37.4 68 10
Union of Soviet Socialist

Republics 56 33823 26 21 230 215.7 12.6 687 2
United Klnadom 40 11 921 2 1 833 55.5 19.3 810 10
United States of America 108 95213 7 7689 526.9 19.5 1261 10
Yu.oslavla 1 632 3.9 5.2 7 3

Worldwide· 429 310 812 105 84 871 1794.9 5040 9

• "Worldwide" fi.ureslnclude Taiwan, China, where there were sill units with a total capacity of 4924 MW(e) In operatiun and where
a total of 44 yean and 1 month of operatina ellperlence had been aained.

• An uterlsk indicates estimates.
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provided for technical co-operation projects in 19 Mem­
ber Stat:s.

11. Increased importance was placed on the Agency's
radioactive waste management programme. The Inter­
national Radioactive Waste Management Advisory
Committee (INWAC) was established to provide advice
and guidance.

U. Efforts continued on the preparation of safety
standards and guides in various aspects of radioactive
waste management. International consensus was
achieved in the area of exemption of radiation sources
and practices from regulatory control.

Nuclear safety and radiation protection

13. Six Operational Safety Review Team (OSART)
missions visited nuclear power plants in six countries,
and a report on the generic findings of seven missions
over the period 1987-1988 was prepared. The approach
developed under the Operational Safety Indicators
Programme (OSIP) continued to be used in conjunction
~ith OSART missions. The number of reports on un­
usual safety related events at nuclear power plants
recorded in the Incident Reporting System (IRS) in­
creased from 421 to 613.

14. INSARR (Integrated Safety Assessment of Re­
search Reactors) missions visited five countries, and a
comprehensive publication programme began on re­
search reactor safety.

15. Virtually all Member States with ongoing or
emerging nuclear power programmes responded to a
questionnaire about regulatory standards and practices
and possible ways to achieve consistencyamong national
regulatory safety approaches.

16. The International Nuclear Safety Advisory Group
(INSAG) completed its pioneering work on developing
basic safety principles for nuclear power plants
(INSAG-3). In the area of probabilistic safety assess­
ment (PSA), a personal computer software package
developed for fault-tree and event-tree analysis was dis­
tributed to more than 50 users in Member States. The
CRP on the comparison of the cost effectiveness of risk
reduction among energy systems was completed.

17. Work continued on the developement ofguidance
relating to basic criteria for radiation protection, oc­
cupational and environmental protection, radioactive
material transport, emergency planning and prepared­
ness, radiation source control, radiation safety of
nuclear fuel related activities, and exposure assessment
and handling.
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18. Through an IAEA/NEA meeting, an international
consensus was achieved on the exemption of radiation
sources and practices from regulatory control; the ex­
emption principles were documented in the Safety
Series. The exercise of extending radiation protection
principles to sources of potential exposure was com­
pleted and documented. Work began on a CRP for
monitoring and assessing radon exposures in the natural
environment. The database for environmental radioac­
tivity measurements in Member States was completed
and used to support the work of UNSCEAR and two
Agency projects. The Agency's Regulations for the Safe
Transport of Radioactive Material were updated, and a
programme was started to address the problems of
source control and spent source management.

19. As a result of requests, Radiation Protection Ad­
visoryTeams (RAPATs) reviewed the infrastructures in
twelve countries and recommended long term strategies
for assistance and co-operation.

20. With regard to the Agency's obligations under the
international conventions on early notification of a
nuclear accident and on emergency assistance, proce­
dural manuals were completed for distribution to
Member States and other users. Co-operation con­
tinued with the WMO on the use of the Global Tele­
communication System for rapidly transmitting data
to over 160 national contact points. Internally, opera­
tional plans and pro.,;edures relative to emergency
response were completed and fully tested. The Agency,
together with Member States, began in'!estigating the
need for updating the Agency's recommendations on
physical protection of nuclear materials contained in
INFCIRC.225/Rev.1 in view of recent developments
and advances.

Application of nuclear techniques

21. In the area of food and agriculture, the Agency,
through the Joint FAO/LAEA Division, continued to
help developing Member States to improve their
agriculture and food production through the applica­
tion of isotopes, ionizing radiation and related techni­
ques, especially biotechnology. The Division's
programmes were examined in depth by a panel of six
international experts in nuclear te\.="-~ques in agricul­
ture. Their report recommended a gradual increase in
emphasis on the use of nuclear techniques in agricul­
tural biotechnology.

22. Over 200 technical co-operation projects were car­
ried out in 62 developing Member States; also 10
regional and one interregional projects were carried
out. The Joint FAO/LAEA Division co-ordinated 32
research programmes involving 390 research contracts
and agreements dealing with the use of nuclear and
related techniques to solve food production and protec­
tion problems.



23. A major International Conference on the Ac..:ep­
tancc, Control of and Trade in Irradiated Food was held
iD OODova iD co-operation whh FAO, WHO and ITC­
UNCTAD/OATT. Alreement was reached, tbroulb a
final document adoptod at tbe Conference, on a liet of
prlnciplos for tbe acceptance of irradiated food in trade
under strict control by compet~mt Dational autboritles.
The document, ahboulh not legally bind,nl, is expected
to sisnificantly influence tbe Ilobal development of food
irradJation.

24. In tbe life sciences area, assistance continued to be
rendered to Member States - and especially to develop­
inl countrios- on the application of nuclear techniques
In medicine (in vivo and in vitro nuclear medicine),
applied radiation biuloHY and radiotherapy, radiation
doaimetly, and nutritional and bealth related ellviron­
montalstudies. Many ofthese activities were carried out
in co-operation with WHO.

~. The Agency continued to promote tbe exchange of
infor~alion in the physical and earth sciences and to
8Isist both developing and developed countries with tbe
appUc"tion of nuclear techniques in experimental
pbY61cs, IDalytical and radiation chemistry, no'1'
destructive toslinl' radiation processing, industr •
process contro~ leololY, mining and bydrology.

International co·~peratlon In fusion r.
search

26. In April 1988, represenlat:ves of tbe world's four
major fusion prolrammes - beinl conducted in Japan,
the Soviet Union, the United States and the European
Community - met in Vienna under Alency auspices for
tbe openinl meeting of tbe conceptual desiln study for
an internationa: thermonuclear experimental reactor.
The project, referred to as ITER, has tbe loal of produc­
ing a design for tbe next step tokamak experiment.

Technical co..operation

27. During 1988, a total of1009 projects were operational
and 88 regional and interrcgional training courses were
held. These activities involved 2023 expert l88ignments.
In addition, 1947 persons received training witbin the
framework of the fellowship programme. A five-yeur
summary of programme delivery is given in the following
table.

lIom 1984 1985 1986 1987 1988

Number or export 1530 1846 1930 1808 2023IIIllnmontl

Numbor or uport 1550 1585 1516 1356 1239mln·monthllOrvod

Numbor or ox·
port/locturor 1..11ft- 378 418 449 407 430montl undortlkon
by AlOncy It."

Numbor or pur-
2970 3391 3'738 3701 3386chllO orden

procOllOd

Number or (ollows 702 615 734 lI70 681In tho nold

Number orvllllllnl 123 188 203 160 156IClonUltl

Numbor or par-
850 926 972 945 1109tlclpantl In Il'Ilnln\l

COUrlOl

As the average value of each purchase order increased
significantly, the lower number ofpurchase orders in 19~
nevertheless represents an Increase in the value of the
equipment ordered (from $16.2 million in 1987 to $19.9 in
1988).

28. Total resources for technical co-operatir>n activities in
1988 increased by nearly 10% over the previous year to
$45.6 million (1987: $41.5 million). The implementation
rate attained for the programme IlS a whole was 64.1%; it
was 65.0% for that part of the programme financed from
the Technical Assistance and Co-operation Fund.

Selbersdorr Laboratories

29. The AKencY'lI Laboratories at Seibersdorf
provided experimental back-up services to the program­
mes ofthe Department of Research and Isotopes in food
and agriculture, physical aad chemical sciences and life
sciences, and supported tbe Department of Technical
Co-operation by offering in-service training for in­
dividual fellows, organizin8lrainingcourses and supply­
ing technical officers for technical co-operation
projects. Training, rCllearcb and service activities were
performed in such areas as soil ferlility, irrigatioD, crop



mutation, insect and pest control, pesticide ah~lysis and
formulation, and animal nutrition, health and reproduc­
tion (Asricuhurc, FAO/IAEA programmes)i and
analytical chemistry, radiation dosimetry, electronics,
instrumentation and isotope hydrology (Physical,
Chemical and Life Sciences), In addition, the
Laboratories provided analytical services for the
Department of Sllfeguards. The Safeguards Analytical
Laboratory (SAL) received 1180 samples of nuclear
material, the total time needed to conclude verificlItions
by deatructive analysis being reduced by a further 17%

International Laboratory of Marine
Radloac:tlvUy

30. The International Laboratory of Marine Radioac­
tivity, after twenty-seven years in the Mus6e
Oc6ano8rapbique in Monllco, moved to new modern
laboratory facilitiea placed at tbe disposal of tbe Agency
by tbe Government of Monaco. The opening ceremony
took place on 12 November 1988,

Sa~eguards

31. Tbe Agency and China conch' Jed an agreement
relllting to the laller's voluntary offer to plllce some of
its peaceful nuclear inatallatiohs under Agency
safeguards, Wben tbis agreement enters into force,
voluntary offer safeguards agreements will be in force
between the Agency and tbe five nuclear-weapon Statcs.

32. In 1988, as in previous years, the Secretariat, in car­
ryllll out the safeguards obUaatlona 0' the Agency, did
not detcct any event which would indicatc thc diversion of
a slanificant amount of safcguarded nuclear matcrlal -
or the misuse of facllltics, cqulpmcnt or non-nuclear

material subjcct to safeguards - for thc manufacture of
any nuclear weapon, or for any other mllllary purpose, or
for the manufacture ofany other nuclcar cxploslve dcvicc,
or for purposes unknown. I It Is considere1 reasonable to
concludc that the nuclear material under Agcncy
safcguards In 1988 remained In peaceful nuclear activities
or was otherwise adequately accountcd for. This statc­
ment is based on thc latest Information available to the
Agency, Including Information derived from safeguards
activities conducted In the field and at Headquarters and
Information provided In reports submitted by States,

Llablllty for nuclear damage

33. On 21 September 19~, theJoint Protocol kelating
to the Application of the Vienna Convention and the
Paris ('onvention dealihK with civil liability for nuclear
damage was adopted and opened for signature at the
international conference jointly organized by the
OECD/NEA and the IAEA,

34. At it~ thirty-second regular seasion, tbe General
Conference adopted a resolution on liability for nuclear
damage in which it requested tbe Board ofGovernors to
continue, as I matter of priority, consideration of the
question of liability fOi' damage arising from a nuclear
accident, and to convene in 1989 an open-ended wurking
group to atudy all aspects of liability for nuclear damage,

Committee on Assurances of Supply

35. Following tbe June 1987 Ilession of the Board of
Governors, at wbicb tbe Board took note of tbe fact tbat
the Committee on Assurances of Supply (CAS) had
requested tbe CAS Bureau to hold further consultations
with (~ommittee members about mltstanding problems,
and especially tbe problem of comi'h:ting tbe formula­
tion of principles of international co-operation in tbe
field of nuclear cnergy2, the Bureau held consultatloDs
in March and November 1988, For tbe purpose of
facilitating the discussion on principletl, the Secretariat
prepared a document on the development of tbe world
nuclear power market since 1980. It was agreed durinJl
tbc Novcmber 1988 conaultations that the Bureal, would
bold further consultations in 1989 and report on the
outcome to the Board in June 1989.

Article VI of the Aaency's Statute

36. At tbe request of the General Conference, the
Bu dofGovernors re-establisbed an informal working
group which· in 1987 - had examined proposals on thc
question of revising Article VI of the Agency's Statute
(concerning tbe Board uf Oov~rnors). The group's
report was transmitted by tbe Bl1!'rd t~i ilK' General
Conference, which, in Septe,nber, requested the Board
to rc-establish the group once again. Tbis the Board did
immediately after tbe 1988 regular session of the Con­
ference.

Resolutions adopted by the Agency's
General Conference and matters of spechll
interest to the Agency discussed by the
Gtmeral Assembly of the United Nations

37. In resolutinn GC(XXXII)/RES/494, on the
Agency's contribution to sustainable development, the
General Conference requested tbc Director Gencral "to
submit to the Board of Governors in February 19~9

information on the contribution of the Agency's
programme activities tnwards achieving the objectivcs of
environmentally sound and sustainable development as
II baliis for a report to be submitted to the forty·fourth
session of the General Assembly".

38. In rcsolution OeeXXXII)/RES/4H7, on Israeli
nuclear capabilitics and tbreat, the General Conference

In the case orvoluntary-orrcr agreements with nuclear.wcapon Slales, nuclear material to which 88reguards were being applied was not withdrawn
rrom lUIreguards except in conrormity with thellC agreements.

2 See, In this cunneclion. paragraph :\1 uf documenl OqXXXII)11I35 (The Annual Report fur I~H7).



requested the Director General: to consider the im­
plementation by the IAEA of provisions in United Na­
tions General Assembly resolutions 41/12, 41/93 and
42144 in relation to the IAEA; to inform the Secretary­
General of any steps Israel may undertake to place its
nuclear facilities under Agency safeguards; and to
report to the Board ofGovernors and the next session of
the General Conference on Israeli nuclear capabilities
and threat and on the implementation of this resolution.
The Director General was also requested, "pending the
acceptance by Israel to place all its nuclear facilities
under IAEA safeguards, to prepare a technical study on
different modalities of application of IAEA safeguards
in the region, taking into account the Agency's ex­
perience in applying its safeguards". It decided to in­
clude an item entitled "Israeli nuclear capabilities and
threat" in the agenda for the thirty-third regular session
of the General Conference.

39. In resolution GC(XXXII)!RES/503, on South
Africa's nuclear capabilities, the General Conference
decided "to consider and take a decision on the recom­
mendation of the Board of Governors contained in its
report GC(XXXI)/807 to suspend South Africa from
the exercise of the privileges and rights of membership
in accordance with Article XIX.B of the Statute, at the
thirty-third regular sesssionof the General Conference".
The DirectorGeneral was requested "to continue to take
all possible measures 10 ensure the full implementation
of resolution GC(XXX)RES/468 and to report to the
thirty-third regular session of the General Conference
in this regard". The Conference also decided "to include
in the agenda of the thirty-third session of the General
Conference an item entitled 'South Africa's nuclear
capabilities'".

40. In resolution GC(XXXII)/RES/490, on dumping
of nuclear wastes, the General Conference called upon
the Agency to ensure that any assistance provided by it
or under its auspices shall not in any way allow nuclear
waste dumping practices, and to give priority considera­
tion to requests by developing countries for assistance
in the field of nuclear waste management. The Director
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General was requested to "establish a representative
technical working group of experts with the objective of
elaborating an internationally agreed code of practice
for international transactions involving nuclea; wastes
based on, inter alia, a review of current national an&
international laws and regulations on waste disposal".

41. Several matters of interest to the Agency were
discussed at the forty-third session of the General As­
sembly. In the debate that followed the presentation of
the Agency's annual report for 1987, delegates indicated
their broad support for the Agency, its safeguards sys­
tem, its technical co-operation programme, and its work
in the field of nuclear safety. In its resolution on the
report, the General Assembly affirmed "its confidence
in the role of the Agency in the application of nuclear
energy for peaceful purposes" and urged all States to
co-operate in carrying out the wor!: of the Agency.

42. The General Assembly adopted the following
resolutions which are of direct interest to the Agency:
the prohibition of the development, production, stock­
piling and use of radiological weaPvDS (NRES/43175J);
the prohibition of the dumping of radioactive wastes for
hostile purposes (NRES/43175Q); the dumping of
radioactive wastes (NRES/43175T); consideration of
the Declaration of tbe 1990s as the Third Disarmament
Decade (NRES/43178L); the implementation of the
conclusions of the Third Review Conference of the Par­
ties to the Treaty on the Non-Proliferation of Nuclear
Weapons and the establishment of a Preparatory Com­
minee for the Fourth Review Conference
(NRES/43/82); the establishment ofa nuclear-weapon­
free zone in the region of the Middle East
(A/RES/43/65); Israeli nuclear armament
(NRES/43/80); the implementation of the Declaration
[on the Denuclearization of Africa] (NRES/43171A),
and the nuclear capability of South Africa
(A/RES/43171B); the effects of atomic radiation
(NRES/43/55); and a United Nations conference on
environment and development (NRES/43/196).



THE AGENCY'S ACTIVITIES

TECHNICAL CO-OPERATION

Genel'Ql issues dUring 1988

43. The year under review, 1988, saw the preparation of
~he first two-year programme, covering the Agency's
technical co-operation activities for 1989-90. This meant
an increased workload in 1988but will, in the longer term,
yield significant benefits as workloadswill be spread more
evenly and more time will be available for thorough
project formulation and preparation.

44. The provision of preparatory assistance continued
during 1988 under the special project approved by the
Board for that purpose. In total, 53 missions were
planned, of which 50 were carriad out. This involved 62
expert assignments to 28 countries for a total of 16
months. Pre-project support in 1988 resulted in the for­
mulation of 33 project proposals which wtre approved
within the framework of the 1989-90 programme.

45. After extensive consultations among Member States,
the mandate of the Technical Assistance and Co-(\pera­
tion Committee (TACC) of the BOQrd was clarified at the
Board's Septeulber 1988 meetings.

46. Data transfer between the Financial Information and
Control System (PlCS) and the Technical Co-operation
Management System (TCMS) improved further, and
linkages were established with the Agency'! Research
Contract Data Base. The Agency's fust local area net­
work (LAN), which involves the interconnection of per­
sonal computers, was established in the Departm/mt of
Technical Co-operation.

47. Since its introduction five years ago, evaluation has
become an integral part of the Agency's technical co­
operation activities and is playing an important role in the
effort to make these activities more effective. Regular
monitoring ofall operational projects through the interim
project implementation reporting system ccntinued in
1988. Evaluation activities continued to provide indis­
pensable insights into the Agency's technical co-opera­
tion activities.

48. Mid-project and end-of-project evaluations of 57
projects were conducted in 1988. The areas covered by
such evaluations in 1988 included radiation protection,
the effectiveness of RAPAT missions and health-related
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projects. in addition to project evaluations, the Agency's
pr01ect reporting system to Member States was reviewed,
and a comparative study was made of existing regional
cn-operative arrangements. A second country
programme evaluation was completed.

49. The role ofwomen in development has been receiving
increuingattention in the governing bodies of the United
Nations sYl'em. Accordingly, and in recognition of the
contributionwomen can make to development efforts, the
Secrp.tariat has, for a number of years, been monitoring
the pa~ti(;ipation ofwomen in Agency technical co-opera­
tion programmes. In 1981, for instance, 17.0% of all
fello~ were womenj the corresponding figure for 1988
was 21.4%. Of the 519 training course participants in
1981, 64 - or 12.3% - were womenj in 1988, the figure
was 16.1%. Alth( 19b the percentage of women serving
as interuatiOl':-· experts increased only from 2.2% in 1981
to 6.U% in 1988, the percentage of women serving as
traini"~ co\lrse lecturers rose from 1.7% to 9.0% during
the same period. In the Division ofTechnical Assistance
and Co-operation, the share ofwomen serving as Profes­
sionals tncreased from 14.7% in 1981 to 27.1% in 1988.

Programme implementation andprogrtmame trends

SO. The technical co-operation programme at the begin­
ning of 1988 consisted of 827 active projects. During the
year,29 footnote-&! projects were made operational and
10 projects were approved under the Reserve Fund.
Also, three n~w projects funded by UNDP, two funds-in­
trust projects and one special programme project were
added to the programme, so that 1009 projects were
operational during J988. Of this total, 161 projects were
completed and ~lNO were cancelled.

51. The provision of technical assistance in 1988 involved
arrangin[; for 2023 expert assignments, processing 3386
purchas(; orders for equipment and supplies, devising
training programmes for 838 fellows and visiting scien
tists, and or~anizing88 regional and interregional training
courses for 1109 participantsl in addition to furnishing
general logistic and administra~ive support.

52. Of the assistance delivered in 1988, the largest portioo
(2O%) re1ated to the application ofisotopes and radiation
in agriculturej projects in this field focused on optimizing
fertilizer and water use, animal parasitology, enhancing
biologk.al nitrogen fucation, mutation breeding, increas­
ing livestock production, food irradiati'ln and pesticide



residue studies. The next most important field was
nuclear safety and radiation protection (19%), covering
such topics as the promulgation oflaws and standards, the
organization of radiation protection services, dosimetry
and environmental monitoring, reactor safety and
radioactive waste management. At 16%, applications of
isotopes and radiation in industry <' ad hydrology ranked
third in the programme; the activities involved primarily
the radiation sterilization of medical products, non­
destructive testing, nucleonic control systems, water and
sediment dynamics, the determination of various
parameters related to groundwater recharge and general
water resource management. Other important fields
were: nuclear engineering and technology (15%), cover­
ing reactor modernization, metallurgy, nuclear in­
strumentation and reactor control, isotope production,
radiation engineering and quality assurance; nuclear
physics (8%), involving such activities as neutron activa­
tion analysis, mass spectrometry, the use of solid-state
detectors and reactor physics studies; and nuclear
medicine (8%), dealing with radiotherapy, radiotoxicol­
081, medical physics and radiopharmacy.

53.Technical Divisions ofthe Secretariat playedan active
part in supporting technical co-operation activities.
During 1988, 158 technical officers provided support of
various kinds to the 1009 projects that were operational
during the year; they also appraised 675 project requests
received from Member States for the 1989-90 technical
co-operation programme, undertook 430 assignments,
either as experts oras training course lecturers, for a total
of 135 man-months and evaluated 1200 fellowship ap­
plications.

ResOUTCes and delivery

54. Total new resources available for technical co-opera­
tion in 1988 amounted to $45.6 million, which is nearly
10% higher than the figure for the previous year (see Fig.
1). The Technical Assistance and Co-operation Fund
(TACF) accounted for 75.7% of the total available
resources, extrabudgetary funds for 12.5%, UNDP for
6.7% and assistance in kind for 5.1%. Pledg\;s and mis­
cellaneous income, reduced by currencyexchange losses,
covered 90.7% of the TACF target of $38 million (in
previous year, 88.7% of the TACF target of $34 million
had been covered). The decline in the percentage of the
target pledged, which began in 1983, continued.

55. The value of the programme planned for implemen­
tation (total adjusted programme for 1988) was $60.2
million. Obligations were entered into for goods and
services valued at $38.6 million, yielding an overall im­
plementation rate for the programme of64.1%. Disbur­
sements in 1988 (actual cash outlays) are shown in Fig. 2.

56. Implementatioll by resource category during 1988 is
summarized in the following table.
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Adjusted Newobliga- Implementa.
Resource category progr'llmme tions tion rate

($) ($) (%)

TACF 43,652,306 28,383,470 65.0

Extrabudgetary 12,570,119 7,100,068 56.5

UNDP 3,682,121 3,050,530 82.8

Funds in trust 343,713 87,827 25.6

57. As in the past, disbursements were highest in respect
of the equipment component. This component's share of
the total dehvery in 1988was just under 50%; the remain­
ing provisions were nearly evenly split between training
and expert services.

58. The following table summarizes implementation by
assistance component.

Adjusted Newobliga- Implementa-
Component progt!lmme tions tion rate

($) ($) ($)

Experts 14,284,295 °;,721,291 54.1

Equipment 29,815,797 19,945,496 66.9

Fellowships 7,723,566 5,275,441 68.3

Trainingcourses 6,890,420 4,476,m 65.0

Sub-contracts 933,023 756,598 81.1

Miscellaneous 601,158 446,292 74.2

Total 60,248,259 38,621,895 64.1

59. The overall implementation rate, which is an indicator
of the technical assistance inputs set in motion by the
Agency in"a given year, improved somewhat as compared
with 1987,largelybecause ofan increase in the implemen­
tation of projects funded from extrabudgetary resources.

Distribution ofassistance

60. Figure 3 shows disbursements by area of acti', ity in
1988 as a percentage of the total disbursements for that
year. As can be seen from the table, Food and Agriculture
ranked first, followed by Physical and Chemical Studies
and by Industry and Earth Sciences.

61. The following table shows the assistance provided to
each region as a percentage of tile total disbursements in
each of the past five years.



Overall share in %
Region

1984 1985 1986 1987 1988

Africa 2S.5 20.9 19.9 18.5 21.1

Asia & Pacific 'lA7 28.4 26.8 :30.0 29.0

Europe 11.5 13.1 13.6 18.9 13.9

Latin America 24.7 22.7 22.5 20.3 23.0

Middle East 0.9 1.6 3.1 2.1 3.0

Interregional 10.7 13.4 13.9 9.9 10.0
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62. The relative shares of Africa. Latin America and the
Middle East increased last year as compared with 1987.
while those of Asia and the Pacific ar.d Europe declined
somewhat. Interregional's share changed negligibly. It
should be noted. however. that the above figures refer to
disbursements from all sources. In the Agencrs regular
programme of technical co·o~ration for 1988 as ap­
proved by the Board, the regional distribution W'ilS as
follows: Africa 25.0%. Asia and the Pacific 27.0%,
Europe 18.7%. Latin America 22.1%. the Middle East
3.8% and Interregional3.4%.



FIGURE 1

RESOURCES AVAILABLE FOR AGENCY

TECHNICAL CO-OPERATION PROGRAMMES: 1884 - 1988

(In millions of dollars)

. .. . ·-;.,---------'~--,· ····· ··i

.- ; ........................................•. .. .

- TACF

c=::J Extrabudgetlry

- In kind

IIIIIIIIIIlIID UNDP

.....••.....••. .. - " •..............

........................ "." - - -. ]' ! , .
: :. .
: :. .
;

.. . ~..... - - - . ~

5

30

15

10

25

20

1184
o .....---'..1,,----lro-----iro-----i

1185 1181 1187 11..

TAC" 22.232 18.117 ~.- 30.113 34.110

Extr..
budgNry 1.114 1.414 1.702 1.700 1.713
fur-da

Aaalatanee 2.011 2.7" 3.011 2.322
In Idnd

UNDP 2.141 2.114 3.410 2.111 3.011

TOTAL 32.803 38.100 31.324 41.417 41.IN

14



FIGURE 2
TECHNICAL CO-OPERATION DISBURSEMENTS: 1984 - 1988

(In millions of dolla,s)
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FIGURE 3

TECHNICAL co-opeRATION DISBURS!MENTS BY AAPC: 1888

(In millions of dolle,s)

•
7

•
I

..

2

1

o

AAPC

Code Ar.. of MtIvtty Dllbur.... (')
Peroemaglof

toUt

A Nucllar Powlr 2.027 5.48

B Nuollar FUll CycI1 1.554 4.20

C Radloaotlv, Wlltl Mlnag,mlnt 1.480 4.00

0 Food and Agrlcultur, 8.821 23.31-
E Human Health 3.719 10.0!

F /ndultry and Earth ScHnoel 5.109 13.81

G FhyaloaJ and Ch,mloal SoI,ncel 8.195 22.16

H Radiation Protlotlon 3.042 8.23

I Saflty of Nucl,., Inltallatlona 2.893 7.28

J Safeguards 0.060 0.18
-

S
Dlr,otlon and Support Qnoludlng Technical Co-operation Servlolng,

0.486 1.13
INIS and Data Proo,lIIng Service.)

To~1 36.988 100.0

1:1



NUCLEAR POWER

Nuclear "ower plaDnln. and Implementa­
tion for developln. countries

(0) PIQllnin, tools ond m,thodologies

63. Tbe Apn~' co·operated in a World Bank/UNDP
energy plaaaing project for a Dumber of European aad
Arab countries, ia particular tbrougb tbe traasfer of
Agency plaaning toola and metbodologies aad tbe
provision of trainial OD tbe!use of tbe methodolosies.
In tbis cootext, tbe MAED model was transferred to
Egypt aad Yugoslavia; tbe VALORAOUA4 model was
transferrcd to Mor~, Turkey and YUgoslaviai aad
tbcse countrics were asslatcd in applying tbc models tl)
I'ational energy, elcctricity and nuclear power planniag
studies. The Agency participatcd in a general review
seminar on the project, orpaized by tbe World Bank in
Tuawia duriag December.

64. The TUV' model was tranaferred to Yugoslavia.
and i team of Dltional eaerlY planners was traiaed aad
aSII&ated in uaing tbe model to analyse energy demaad
and supply optioas for the country.

65. In co·o~ratioD with the Nuclear Energy Agency
of tbc OEeD, the Agency's TUV model \"as used to
carry out loag term projections of global energy and
electricity demand. Theso projections provided a
~eaoral coatext for studies of various scenarios of
nuclear power growth in tbe lo~g term (up to the year
2025).

66. Testing and development of tbe ENPEP' package
coatinued during 1988, and this pickage is expected to
become a major Agency plaaaing tool to assist develop­
ing Member States in the economic planning of nuclear
power programmes. Tbe MAED model was adapted by
the Agency for operation oa microcomputers and in-

3 MAED: Model for Analyail of Enere Demlnd.

tegrated into tbe ENPEP package by tbe Argonne Na·
tioaal Laboratory, USA.

67. Work was initiated on defiaiag methodological
approacbes for iacorporatiag enviroamental impacts
and control costs inlo tbe economic analysis of alteraa­
five energy sourf'es fOf electricity pncration. The fM­
iJACTS module oi tbe ENPEP package is being laken
la a slarting poiat for this work, which will provide a
more CIlmplete aaalysis of tbe total costs (ecoaomic and
environmental) of alternative energy sources, ia par­
licular for tbe comparlaon of nuclel,r and fossil-fired
electricity geaeration optioas.

(b) Promotion "nd jin"ncln, 01 "udear power in
developing countries

68. The problems and possibilities for Hnaacing
nuclear power programmes in developing countries
were tbe topic of an advisory group which met in June.
Following{be recommendations of tbis group, work was
begun on a reference book to provide informatioa on
experieace with conventioaal and inaovative (e.g. build­
operate-transfer) appro.~bes to nuclear power financ­
iog in developing couatries.

69. An Agency [.eam presented a leminar to World
Baak staff on various nuclear power topics, including:
technical and economk performance. safet)' and cn­
vironmental effects, waste management and decommis­
sioDing. Tbe purpose was to give the World Bank staff
a belle.. apprecic\ion of tbe cbaraclerislics of nuclear
energy h comparison witb alternative energy sources for
tlectricity generation.

70. A number of discussions between Agency and
World Bank Itaff were organized in Vienna and
WashingtoD, related to the electricity and nuclear powel'
progrllmmes of particular developing countries. Theae

.. VALORAOUA il a power iyltlm Ilmulalion model. developed by Ellttrit:idade de Portulll (E'1") and mlde IVlillble to I'll Alenl:)'.
for tanY'''1 out detailed aaalyle. of power I)'ltemi wilh a larle hydroclettrlt tomponent.

S TUV: An enerIYdemandandlupply Inllylil model develop.db)' the Tcc:hnital Univcnity ofViennl (Tl:V) undercontrlct to the AlOnC)'.

6 ENPHP: ~nere and Power EVllullion Proarlm. developed by Arlonne :'Iillional L.aboralory (l.:SA) supported by the Guyernmenl of
the United Statca.
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discuaaiona were seen as very useful in ,ivin, the World
Bank a better understandin, of tbe A,ency'.
prolramme to auist developin, countries in tbe effec­
tive and safe implementlltion of nuclear power.

(c) Assistanc, in the plannln, and Implementalion of
nucl,,,, poWlr prosramm,s

71. An advisory 1I'0up reviewed the Alonc)"s various
activities to asalat developin, countries in nuclear power
prolramme plannins, in tbe lisbt of tbe recommonda­
tions made in tbe Senior Expert Group Report 7 tbat
these individual activities be or,anized to provide an
intclrated packale approacb to the comprebensive
planainl of nuclear power prosrammes. Tbe advisory
group endorsed this leneral recommendation and made
specific recommendations regarding the scope; and or­
ganization of the integrated package approach, which
will be tested during 1989.

72. TheAlencyprovided technicalsupport inconDcc­
tion with cnerlY, electricity and nuclear power planDln,
studies in Egypt, Indonesia. Malaysia, ThallaDd
Tunisia, Turk~y. Viet Nam and YUloslavia. •

73. Co-operatioD between thf~ Agency aDd the World
Bank iD the plaDniDS of energy and electric power sys­
tems in dcvelopins countrics continued. In the context
of the World BanklUNDP enerlY plannln. project (see
plla. 63 above). joint activities were undenaken in BIYPl.
Morocco. Turkey and YU'OIlavia.

74. TheA,ency provided te«:hnical support in connec­
tion witb feasibility studies and infrastructure develop­
ment planning projects in China, Malllysia, Morocco
and Tunisia.

•75. With tbe overall objective of assisting developins
Member States to strenltben their project execution
capabilities. support was provided to technical co·
operation projects in eilbt countries. Also, larle multi·
year, UNOP financed projects in the area of manpower
development for nuclear power were supported in Ar·
gentina and China.

76. Technical Reports Series guidebooks were pub­
lished on "Nuclear Power Project Manalcmcnt" (No.
279), and "Dcvcloping Industriailnfrastructurcsto Sup­
port a Prosramme of Nuclear Power" (No. 281). A
guidebook on "Education and araining of Tecbnicians
for Nuclear Powcr" was completed fo!' publkation.

(d) Nuclearpower training pI'OW'amm,s

77. The Asency participated In a trainin, course on
the ENPBP model, orpnlzcd bi' the World Bank in the
context of the World BanklUNDl-' project (lee para. 63
above). Twenty panlc,pants from nine countries took pan
in the course.

78. An interrclional training course on electricity
demand forccastin, Cor nuclear power planning was
bold at thr. Arlonne Natlonil Laboratory, USA; it was
tbe tblrd tine that this course was offered by tht:l Al!lcncy.
It was attended by 30 participants Crom 10 developing
countries. A reference book "Energy aDd Electricity
Demand Forecastlntl for Nuclear Power Plaaninl In
Oeveloph~g Countries". IAEA·TBCDOC-470, was pub·
lished a~ a textbook fo. tbis course.

79. Threc national training courses were beld oa the
commissioning oC nuclear power plants. and a national
training seminar on load-following technology. In addi­
tion, seven two-week national workshops were held on
different aspects of nudear power plant construction,
commissioning. 0l eration and maintenance. These
tralnia, eveats werc in China, the Republic oC Korea and
Romania.

HO. Two interregional traininl courses «.n th~

qualification of nuclear power plant operations person­
ael and oa water chemistry in nucl,.ar power plants)
were beld at the Karlsruhe Nuclear Rtsearch Centre,
Federal Republic of Germany.

81. In the field of quality assurance, six national train­
ing courses aad seminars were held on tbe siting. design•
construction. commissioning and operation of nuclear
power plants (ia China, Morocco and Polaad).

82. To promote the achievement of high standards in
nuclear power plant operations. a guidebook was com­
pleted on "Training to E&tablish ~nd Maintain the
Qualifications and Competence of Nuclear Power Plant
Operations Personnel". This document updatl:S and
complements the guidebook on "Qualification of
Nuclear Power Plant Operations Pesonnel" that was
published in 19~4, and includes the subject area of con·
tinuing education.

7 "Promotion Ind flinlncinl of ~uclclr Powcr Prolrlmmclln Developlnl ('ountriu", report 10 Ihe IAEA by a Senior Experl Group (1987).
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(,) Regional co-oplNltWn

83. Within the framework of RCA, the Agency held a
regional workshop on electric power planning In Kuala
Lumpur, Malaysia. A report on the 1987 workshop held
in Jakarta, Indontsia, was published under the thle,
"Experience with WASP amoDg IAEA Member States
Participating in tbe Regionll Co-operative Agreement
(ReA) in Asia and tbe Pacific Region" (IAEA-TEC­
DOC-474).

84. A regional training course was held in the
Republic of Korea on nuclear power project planDing
and implementation.

Performance or nuclear power

(a) The Agency's power 'YUlctor ,n/ormutiol' system
(PRlS)

85. Attbe end of 1988, PRIS - to which all but one
Member State with power reactors report - contained
data for a total of about )SOO years of power reactor
operation and on about 27 700 outages. During the year,
data sets were supplied OD request to contributing Mem­
ber States and detailed background information was
provided for Operational Safety Review Team
(OSART) missioDs. The frequency of requests for
PRIS data continued to increase.

86. tlsing PRIS data,the Agency published edilioDi of
"Nuclear Power Reactorll in the World" and U()peratin,
Experience with Power Reactors in Member States
(1987)". For the first time, this last annual report wu
published before the General Conference; also for the
first time, the report included operating experience data
of nuclear power plants in the USSR.

87. PRIS data were extensively used in preparing an
IAEA technical document on operational reasons for
good nuclear power plant performance,

88. After completing all preparations in co-uperation
with NESI, on-line access to PRIS was offered to the
Agency's Member States. The preparations included a
pilot project with the Nuclear Information Center,
Prague, Czechoslovakia, which provided valuable infur­
ma.tion and experience in establishing on-line connec­
tion, as well as in identifying and solving problems. AIIO,
a full set of documents (PRIS Overview, Reference
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Manua~ Access Manual, TrainingCourse Outline) were
developed. PRIS on-line access was offered to WANO
on a trial bapls.

(b) Perfom'tlnce status and tl'fnds

89. Co-operation with the World Energy Conference
(WEC) and the International Union of Producers and
Distributors of Electrical Energy (UNIPEDE) con­
tinued in studies on the availability of electric power
plants, with the Agency contributing datD on nuclear
power plants.

90. Nuclear power plant availabilitycontinul:d toshow
improvements. The worldwide average energy
availability of nuclear power plants in 1987 was 71.4%
(70.5% in 1986); tbe proportion of plants with higb
availability also increased (sce Fia. 4).

91. Work on identifying the reasons for outstanding
performance records proceeded during the year 1988,
and a tecbnical document was compll:ted on "Operation­
al Reasons for Good Nuclear Power Plant Perfor­
mance", wbich is intended as an aid for operating
organizations to enhance plant performance.

(e) Quality munagement

92. Within the framework of the revision of rhe
Agency's five NUSS Codes of Practice, a revised version
of the Code on Quality Assurance (Safety Series No.
SO-C-OA (Rev. 1» was published.

93. A "Manual on Outdity Assurance for Computer
Software related to the Safety of Nuclear Power Plants"
wu published in the Technical Reports Series (No.
282).

94. Work was completed on manuals on quality as­
surance for installation and commissioning of in­
strumentation, control and electrical equipment in
nucleal power plants and on quality management for
nuclear power plant operation. Development of a
manual on correelive actior.s reltched an advanced stage
and it first draft of a manual on measuring effectiveness
of quality management systems was prepared.

Nuclear power technologies

(11) EI'olut;oll of (.'IlrIymt techllologies

VS. An Agency conference was held in Tokyo on the
MaD-M~chine Interface in the Nuclear lndulitry (Con­
trol and Instrumentation, Robotics and Artificiallntel-



Upnc:e) in co-operatioa witD CBe lUId OECD/NEA. It
wu attended byabout 460 participants from 28 Member
Statel and 4 oraanizatioDl, and it aueaaed tbe problem
of the man-machine iaterface from varioUl Upectl of
plant design, computer application, trainins. robotica,
etc., aiming at the iml'rcwemeat of the ..fety and
reliability of nuclear power leneration.

96. Two Ipecialilts moetiDls were held undor the
auspice. ot the International Working Group on
Nuclear Power Plant C.ontrol and Instrumentadon. The
first, on microproceuors in systems important to the
aafcly of nuclear power plants, sbowod that the ad­
vantalesof the \lIO of microproccllors ia systema impor­
tant to safety continue to be more widely recopized but
that aome problems remain with validation "nd verifica­
tion of software for tbcac systems. At the second meet­
ing, on man-machine communication for emeraeacy
operation in nuclear power plants, it was found that
additional instrumentadon may be ~eded for some
plants to fully meet emerpnC)' opcratin8 procedurea.
Areaa where such addidonai inatrumentation may be
needed were identified.

97. Work continued on a report on the desiln of con­
trol roomslDd the man-machine interface for f.he opera­
tion and surveillance of nuclear power plants,
summarizing the steps which have been taken and are
beins planned worldwide to improve the man-machine
intcrfacc.

98. The CRP on modelllna apprOlchel for nuclear
power plant simulators wu concluded after four years
of work. A final report will be publiahed soon.

99. A meeting was held on the CRP on optimizina reac­
tor pressure Yusel surveillance proanmmel and
the!r a~lysia (Phase rll). The participants reported
some first resulta on testinl both irradiated and unir­
radiated materials. One of tbe outcomea ohhe meetiag
was a proposal to establish on a contract basis a data
acquiaidon bank for the test resulta obtained on the CRP
presaure vessel steels.

100. A meeting of the International Working Group
(IWO) on the Reliability of Reactor Preuure Com­
poDCnts wu held. The participants considered national
research ar ., development work in the area of prellure
boundary components, overvicwed the IWO activities
since the previous meeting and elaborated proposals for
future activities, livinl stron8 support to the Alency's
programme on aleing and life extension of nuclear
power plants.

101. Aspecialists mecting was hcld OD the inspection of
austenitic diaaimilar material.. and weld.': this resulted
in a very significant improvemcnt in the undentandinl
and interpretation ofdifferent techniques for ultrasonic

testin8 of austenitic mater1aJa. diuimllar materials and
welds.

102. The lpecialists meetiq on fracture mechanics
verlflcatlon by larle acale teltlnladdresaed probl"lDI
related to verificadon of fracture touahneas testias
results obtained from ama)) specimoDl by l.r80 scalc
specimeu, or in some cases full scale teata of preasure
veasels/componenu. Some unique reaulta were
presented relardinl tcsts conducted on bil teadas
machines.

103. The specialists meeti. on corrosion and erosion
upocts of prellure boundary components iummarlzed
the body of knowledle of the corrosioD/erosion prob­
lem, which la now well underatood and for which tech­
nological80lutioDa are available. The role of operatlas
and economic constraints in the implementation of
these solutions was emphasized and it was recom­
mended that each utility should review the problelDl of
corrosioD/erosion OD a continuing basls.

104. The International Workiag Group on Advanced
Techl1.ologies for Water Cooled Reactors (IWOATWR)
had its second meeting. It reviewed and wscussed
trends in national programmes, accorded a high priority
to improvements in the current aeneration of water
cooled reactors, and recommended that Agency's ac­
tivities for 1989 and 1990 should focus on technology
areas rolated 10 pas.ive safet)' and cost reduction.

105. Witbin this framework, two technical meetings
were convened: on the definition and understanding of
enlineered safety, paasive safety and related term", and
on progress in heavy water reactor dosiln and lechnol­
0IY.

106. An important status report on advanced LWR
design and techoology was published. A similar docu­
ment on advanced HWR designs was started and is due
to be published in 1989.

107. Within the framework of reactor core related ac­
tivities that the Alency has reactivated, a technical com­
mittee was held to review tbe current atatUl of core
calculation tools and tbe needs of Member States to
establisb or update their in-core fuel management
capability.

108. To encourage R&D and facilitate exchanges of
experiencc in safety relaled technology and design areas,
eRPs were initiated on: in-co!' fuel management codes
io LWRswith a possible exter .In to HWRs, and the use
of burnable poisons in WWE,i'S. In addition. the estab­
lishment of In LWR thermal database was initiated OD

the recommendation of tbe IWGATWR.
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109. Selection crlterial and specific design requirements
for future application of advanced concepts in develop­
iD' couDtries were reviewed aDd discuaaed iD two tech­
Dical committees. Emphasia was given to small sized
co-generation plants. A document will be published in
1989.

(b) Technologies lor bener ,.esoulre utlUzation

110. At its 21st ADnual Meeting. the International
WorkiD, Group OD Fut Reactors (IWGFR) reviewed
curreDt treDds in DatioDal development programmes.
The view wu reaffirmed thllt fast breeder reactors s:m
remain the oDly practical meaaa for the foreseeable
future of utilizing tbe uranium resources as effectively
as poaaible. The international co-operation established
in receDt years in this field ia progressing.

111. Specialiats meetings were organized on sodium
fires and on methods for control rod calculations in fast
reactors. Botb topics, selected by the IWOFR, ate con­
sidered important for the safe and reliable operation of
fast reactors.

112. Good results were achieved in tbe last stage of the
CRP on silnal processin,techniques for sodium boiling
noiae detectioD, whose review report will be published
in 1989. RecommendatioDS were made for an extension
orthe CRP.

113. Tbe CRP on intercomparison of LMFBR core
mechanics codes has nearly completed the verification
plvlse. Preparation of the validation exercise (code
against experiment) has started.

(c) Nucle"r hellt appllcaliom'

114. Aspecialiats meeting reviewed tbe state-of-the-art
of bigb temperature metallic materials for gas cooled
reactors and identified directions for fut ure R& D
programmes.

115. Gas cooled design requirements, operational! ex­
perience and maintenance were discussed during a tech­
nical committee.

116. The final results of the CRP OD design codes for
compoDents of gas cooled reactors were reviewed by tbe
participants. Preparation ofa report on tbe programme
was started.

(d) Nuclearfusion

117. A review was made of tbe status of robotics and
remote maintenance concepts for future macbines.



NUCLEAR FUEL CYCLE
AND RADIOACTIVE WASTE

MANAGEMENT

Nucltar materials and ruel cycle technology

118. Sixty-five Member States were involved in Agency
fuel cycle technology activities in 1988, A number of
basic new and important projects were successfully
started, inciuding the international study on water reac­
tor extended burnup, the project on post-accident
management of severely damaged nuclear fuel and
radioacti"" waste arising; and the study on liafety upects
of production, handling, transport and storage of
uranium hexafluoride. A comprehensive internal
analysis was completed on the status and trends in the
world nuclear fuel cycle and on the methodology ofwork
performed by tbe Agency with emphasis on expected
changes and corresponding probable directions for in­
ternatioDal co-operation. The results of analytical
reviews were published in Agency books, in proceedings
of outside meetiDgs and iD a number of national and
international jourDllls. Seventeen comprehensive
Agency reports were published in 1988 on subjects ex­
tending from uranium exploratioD to spent fuel manage­
menl. Technical assistance in tbis broad area was
provided to 33 Member States,

(Q) Nuclelll' IUW material resources

119. Tbe near term outlook in WOCA for uranium
continues to be influenced by oversupply and low priccli,
With reactor related uranium requirements of about
37600 t and 38 600 t V in 1987 and 1988 respectively,
the uranium production remained below requirements,
Large inventories, estimated at tbree to four years of
forward requirements, filled tbis gap and are l:xpected
to do Aa for a number of years,

120. WOCA's uranium production in 1987 totalled
36 790 t U. The main producers continued to be
Australia, Canada, South Africa and the United States
of America. The 1988 production is expected to be
about 36 000 tV,

121. In 1987, tbe latest year for whicb reliable figures
are available, average uranium contract prices
developed differently in WOCA's various geographical
regions, reflecting the erratic behaviour of some ex­
chanie rates,

122. In Australia, the average export price remained
stable in local currency, but increased from about $S3 to
about S57/kg U. The Canadian average (Jrice paid for
deliveries under export contracts decreased further by
about $5 to $59,bU/kg U, In the EEC area, prices paid
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increased by about $4 to $84.50/kg V, but decreased
from ECU 81.90 to EeU 73,4S/kg V, The average VS
price for domestic uranium further declined by about $7
to $71,16/kg U, while prices for imported material In­
crelllied from $52,20 to S54.S0/kg V, Spot prices for
non-US uranium in 1988 declined to less than S40/kg U,
while those for US material during the first four months
wen: slightly higher at S41/kg V.

123. As a consequence of low uranium prices, explora­
tion in WOCA in 1987 and 198K was at a slightly lower
level 0($125-140 million per annum, Whih: the largest
sharr. is expended in Canada, France and the USA, many
developing countries in Asia and the Middle East con­
,inue tbeir exploration efforts. About SOt7l, of the cx­
ploration expenditures are funded by consumer
countries such ali France, the Federdl Republic of Ger­
many, Japan, tbe Republic of Korea, Switzcrland and
tbe Vnited Kingdom.

124. Atotal ofseven Agency reports were issued during
the year, Two pruceedingi on "Uranium Deposits in
Asia and the Pacific: Geolol)' and Exploration" and
"Recognition of Uranium Provinces" were pUblishc:d, A
Technical Report on "Oeochemical Explcralion for
Uranium" was also issued. Four technical documents
(IAEA-TECDOCs) on the following topics were dis­
tributed: "Contractual Arrangements for Uranium Ex­
ploration and Mining"; "Geological Data Integration
Techniques"; "User's Guide for Vranium Ore Rescrve
Calculation (URAD)";and"INTURGEO: The Interna­
tional Uranium Geology Information System (A World
Atlas of Uranium Occurrences and Deposits)" (IAEA­
TECDOCs Nos 468,472,471 aud ~4), The last docu­
ment is thc ouly one of its kind and contains over bOOO
records 01' uranium occurrences and deposits in 96
countries, Manuscripts on "Uranium Resources and
Geology of North America" and "Technological Aspects
of Uranium Mining" were submitted for puhlicalion,

125, The second iSbue of the Uranium Ncwsleth:r was
published in June, This issue, 43 pages in length, con­
tains reports from 23 countries, 5 more than the first
issue. The mailing list has grown to include over 81X)
names. and additional requests arc continuing to he
received.

126. A consultants meeting was held to continue work
on a Technical Reports Series document on the use of
regional gamma ray data to define the natural radiation
environment. It is expected that the document will he
!ubmilled for puhlication carly in 11)89,

127. A consultants meeting was held to begin prepara­
tiun of a Technical Reports Series document on air­
borne gamma ray spl:ctromctry. This report will hI: a
state-of-the-art guide to the latest airborne gamma ray
spectrometer techniques for use in uranium explora­
tion, geological mapping, mapping of background



radiation exposure rates and emergency response situa­
tions. The report will be completed in 1990.

128. A consultants meeting was held on uranium
deposit classification and recognition criteria to
propose a classification scheme which will accom­
modate newly discovered deposits. It is expected that
the new classification will provide a unified standard to
workers in this field for at least the next decade.

129. Consultants meetings on long term uranium sup­
ply and on resource appraisal were held. A manual on
undiscovered resource assessment is being drafted.

130. An advisory group meering on uranium resources,
exploratbn and production was held to review the
Agency's uranium activities.

131. An advisory group meeting on uraniu~ explora­
tion planning and practice was held in December. The
papers and discussion will be compiled into an IAEA­
TECDOC and made availabie to senior government
planners and decision makers to assist them in estab­
lishing the conditions and mechanisms for encouraging
uranium development in their countries.

132. Thirty-three technical co-operation projects on
uranium exploration and resource development in 31
countries were supported. More and more countries
are seeking the Agency's assistance on the use of
uranium exploration data and techniques for the assess­
ment ofother mineral resources and the preparation of
baseline information for natural background radiation
and other environmental monitoring. This level of sup­
port is about the same as \n the previous year.

(b) Processingofnuclear and reactormaterials

133. In co-ordination with the World Nuclear Fuel
Market, a technical committee meeting on the
economics of low enriched uranium was held with the
participation of experts from 40 Member States.
Various aspects of the uranium market, conversion, en­
richment, recycling of uranium and plutonium were
reported on and discussed in depth. The proceedings of
the meeting will be published as an IAEA-TECDOC.

134. The first consultants meeting on the safe produc­
tion, handling, transportation and storage of uranium
hexafluoride was held in November. Elaboration of a
guidebook on the subject was started with the participa­
tion of experts from five leading countries and one in­
ternational organization.

135. Workcontinued on the preparation ofa guidebook
on the design, construction and operation of pilot plants
and the document was submitted for publication. A
guidebook on the development of projects for the
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production of uranium concentrates will be finalized in
March 1989.

136. Two consultants meetings were held to start work
on the preparation of the second edition ofa monograph
on uranium extraction technology and ofa guidebook on
the economic evaluation of uranium production
projects.

137. Three reports were completed for issue in early
1989. These are the second edition ofthe "Nuclear Fuel
Cycle Information System", "Recovery of Uranium from
Phosphoric Acid" (IAEA-TECDOC) and "Manual of
Analytical Techniques in Uranium Exploration and Ore
Processing" (Technical Reports Series).

(c) Reactorfuel design, fabrication andperjoTTYIance

138. The Agency's programme in the subject area con­
tinued to coveT experience in operating water cooled
n:!clear power plants with uranium oxide fuel and exist­
ing schemes of fuel utilization, and improvements in
reactor fu~l design, performance and reliability. The
programme '~cludes consideration of high burnup fuel
performance, adv<::nced fuel management, QA and QC
in fuel fabrication, nuclear material investigation, post­
irradiation examination techniques, water chemistry, as
well as new directions: the industrial use of the mixed
oxide (MOX) technology and an assessment of the
economics of high burnup operation - in particular, the
impact of advanced fuel utilization O~ fuel cycle cost~.

All these aspects are now under extensive consideration
in IAEA Member States with developed p'""grammes
and represent also matters ofgreat interest for dev:lop­
ing countries.

139. The International Working Group on Water Reac­
tor Fuel Performance and Technology (IWGFPT) held
its intermediate meeting in September and confirmed
the recommendations of the VIIIth Plenary Meeting in
1987. Emphasis was given to fuel reliability and perfor­
mance for high burnup, fuel management and
economics and improvements of procedures for techni­
cal assistance.

140. Guidebooks on "Quality Assurance in Fuel
Fabrication" and on "Quality Control for Gadolinium
Bearing and Mixed Oxide Fuels" have been completed
and submitted for publication.

141. A technical committee meeting on burnup deter­
mination of water ,reactor fuel was held. Participants
discussed the state-of-the-art of the following aspects of
burnup determination: destructive analysis, methodol­
ogy and experience and calculation models and their
qualification. Recommendations on future R&D in­
clude the following topics: the conversion from
"atompercent burnup" to energy produced determina-



tion of tbe radial burnup, experiments on spent fuel
(Od-absorber and ~AOX) to verify codes and fuel per­
formance, burnup analysis of higbly burnt U02 and
MOX fuel, NDA burnup determination, and tbe ac­
curacyof nuclear data related to neutron emission from
spent fueL

142. A technical committee meeting on water rep-ctor
fuel element computer modelling in steady state, tran­
sient and accident conditions was beld. This meeting
was the fifth in a series. Topics raising most interest in
the meeting were transient fission gas release, axial gas
mixing, degradation of U02 thermal conductivity, en­
hancement of gas diffusion coefficients and cbemistry
effects. The data from recent investigations sbow burst
and spike release at power transients, a ramp rate effect
and significant releases at subsequent power reductions.
It was emphasized tbat further development is necessary
in sucb areas as tbe microstrllcture examination of ir­
radiated U02, tests of cbemical effects at extended bur­
nup, tbe effects of transient fission gas release and
experiments on gas mixing.

143. Tbe Agency participated in the 8th International
Symposium on Zirconium in tbe Nuclear Industry (June
19H8, USA) organized by the ASTM, Insight was gained
into actual needll in this area, reaffirming that corrosion
and hydriding of current zirconium alloys may be the
limiting factors to burnup increase.

144. Tbe Water Chemistry Control and Coolant Inter­
action with Fuel and Primary Circuit Materials in Water
Cooled Power Reactors (WACOLlN) investigation was
conducted. A first research co-ordination meeting and
a consultants meeting were organized and detailed tasks
for tbe manual of good practices on water reactor
cbemistry were worked out.

145. A "Review of Fuel Element Developments for
Water Cooled Nuclear Power Reactors' was submitted
for publication in the Technical Reports Series, The
report provides general informat'on on the progress
made in water reactor fuel design, fabrication and
utilization as well as on current and future developments
to satisfy the requirements for extending fuel operating
limits. The report is of value to countries with extensive
nuclear power programmes, as well as tbose embarking
on national programmes, to provide domestic
capabilities for fuel design and manufacture,

146. Two advisory group meetings were organized to
initiate the Study on Water Reactor Extended Burnup
(WREBUS). The study will focus on an assessment of
the economics of high burnup operation, and in par­
ticular on the fuel cycle costs of the equilibrium cycle at
different burnups and their &ensitivities to various
parameters, Technical aspects related to fuel design

and manufacturing, in-core fuel management and plant
operation will also be discuased, as well as safety and
environmcntal issues.

147. A guidebook on the non-destructive examination
of water rcactor fuel is under preparation witbin tbe
framework of tbe CRP on examination and documenta­
tion metbolodogy for water reactor fuel. Tbe second
consultants meet ing for tbe pre paration of tbis
guidebook was held. The final version will be developed
during tbe tbird meeting in 1989.

148. New activities related to providing technical c0­

operation witb developing countries were proposed and
strongly supported by a number of Member States. A
new approacb consists in conducting an experimental
work programme (including a review of existing data.
analyses of results and fecdback. etc.) for appropriate
laboratories in developing countries, undcr tbe
guidance of a "supervising cxpert group". It will provide
assistance in tbe definition of tbe tccbniques and proce­
dures, the methods of work and tbe evaluation of data
and results.

149. Anumber of reportswere issued onvarious aspects
of reach>r fuel technology: "Advanced Fuel for Fast
Breeder Reactors: Fabrication, Properties and tbeir
Optimization" (IAEA-TECDOC-466)i "Underwater
Inspection, Repair and Reconstitution of Water Reac­
tor Fuel" (IWOFPT/29)i "Power Ramping, Cycling and
Load Following Bebaviour of Water Reactor Fuel"
(IWGFPT/28)i and "Eighth Plenary Meeting of the
IWGFPT" (IWGFPT/30).

150. Founeen tecbnical co-operation projects were
supported in nine countries in tbe areas of: research
reactor modernization, nuclear fuel fabrication, nuclear
fuel and materials study, nuclear fuel cycle technology,
nuclear fuel developments, and simulation of radiation
damage. Projects jointly supported witb the Division of
Nuclear Power included: reactor physics, nuclear
power stations and research reactors,

(d) Spemfuel mQllasement

151. A meeting of the Standing Advisory Group on
Spenl Fuel Management was held to review the
worldwide situation in spent fuel management, define
the most important trends in national efforts and inter­
national co-operation in tbis area, exchange information
on the presc:nt status and progress in the back-end of tbe
nuclear fuel cycle and assist tbe Agency in formulating
the future programme on the s..abject. As a result of tbis
meeting. IAEA-TECDOC-487, "Spent Fuel Manage­
ment: Current Status and Prospects". was published.

152. The "Survey of Experience with Dry Storage of
Spent Nuclear Fuel and Update of Wet Storage Ex-



perience" was published as Technical Reports Series
No. 290. This will provide spent fuel management
policy making organizations, designers, scientists and
operators of spent fuel storage facilities with the latest
information on spent fuel storage technology under dry
and wet conditions and innovations in this field.

153. Two consultants meetings were held for the pur­
pose of preparing the second edition of the "Guidebook
on Spent Fuel Storage". The new Guidebook will pro­
vide a summary of experience and information in many
areas related to spent fuel storage and will be submitted
for publication at the end of 1989.

154. The ('..RP on the behaviour of spent fuel and
storage facility components duri.ng lung term storage
(BEFAST-II, which started in 1986) continued in 1988
with 15 organizations from 12countries. Threeworking
subgroups were established to prepare the final report
entitled: "Research Development and Practice fer Ex­
tended Storage of Spent Fuel". Revision of the first
draft will be carried out at the second CRP meeting in
1989.

155. A consultants meeting for the preparation of the
final version of a report on safe spent fuel storage and
possible ways to avoid fuel damage was held. The report
is a result of international inveFtigations which started
in 1986 and considers the question of how to avoid acd­
dents andhowto mitigate their effects iftheyoccur. The
report will be submitted for publicationat the beginning
of 1989.

156. The IAEA Spent Fuel Storage Glossary was pub­
lished in French (IAEA-TECDOC-354/F) and Spanish
(IAEA-TECDOC-354/S). There is now a set of Glos­
saries - English, French, Russian and Spanish - that
provides a basis for improved international under­
standing of terms used in the important area of spent
fuel storage technology.

07. !AEA-TECDOC-461 on "Spent Fuel Surveillance
and Monitoring Methods" was published as the proceed­
ings of a technir..al committee meeting. Il cover:; the
state-of-the-ar ' ;:,. ~onitorrng and surveillance practice,
dry storage is:.,. '" .:riticality factors, future trends and
recommendations.

158. A second advisory group meeting on the
economics of spent fuel stora~e was held to revise a first
draft and prepare a second one on a methodology for
assessment of the economics of spent fuel storage.

159. A technical committee reviewed the subject of the
safe management of spent fuel from research reactors,
prototype power reactors and comlY' ·~rcial power reac­
tors that has been subjected to PIE (post irradiation
examination), and developed recolomendalions for fu­
ture activity in this field.
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160. A special research project on the main principles
of the safe removal, conditioning, transportation and
storage/disposal of !:everely damaged nuclear fuel and
other accident generated waste was started with the goal
ofelaborating recommendations on post-accident spent
fuel management. The objectives of the study, the con­
tent and structure of the fiDal document and the
schedule for the study implementation were defined
during an advisory group meeting iD December.

161. A status report on the "Feasibility of the Separa­
tion and Utilization of Palladium, Rhodium and
Ruthenium from High Level Nuclear Waste" was
prepared. It will be submitted for publication in early
1989.

162. An interDational studyon the effect of radiation on
the corrosion of structural materials was iDitiated.
During the first consultants meeting in November the
scope and content of an analytical review entitled "An
Assessment of Irradiation Corrosion Mechanisms for
Zr Alloys in High Temperature Water" were elaborated.
In accordance with the recommendations it is planned
to create in 1989-1991 a research project on so-called low
temperature radiation assisted corrosion in waste
management facilities, test reactors, irradiation
facilities and reprocessing plants.

163. A manuscript of the report "Nuclear Fuel Cycle in
the 1990s and Beyond the Century: Some Trends and
Foreseeable Problems" was submitted for publication.
The papers in the manuscript provide a good coverage
of the state-of-the-art and the dominant trends in the
world nuclear fuel cycle, with emphasis on areas of
nuclear techDologywhich for ODe reason or the other are
in the shade or disputable at present, but can seriously
influence nuclear power development in the future.

Radioactive waste management

164. The year saw greater Agency involvement iD the
waste management problems of developing countries.
The Waste MaDagement Advisory Programme
(WAMAP) has become well established. The national
radioactive waste management policies, plans and ac­
tivities of 12 developing countries were reviewed under
WAMAP, with a total of 17 missions since its inception
in 1987. In addition, special attention was given to the
problems of the control and safe management and dis­
posal of sealed sources (see below). These efforts are of
particular relevance to countries with liule or no nuclear
fuel cycle development or regulatory infrastructures.

165. An international consensus was finally achieved in
the area of exemption from regulatory control and a
publication on the subject was issued in September in
time fol' the General Conference session ("Principles for
the Exemption of Radiation Sources and Practices from



Regulatory Control", Safety Series No. 89). The consen­
sus on principles for exemption was reached at a jointly
sponsored IAEAlNEA meeting in Vienna earlier in the
year. The principles, which were developed in a joint
project between the Divisions ofNuclear Fuel Cycle and
Nuclear Safety, find immediate application in efforts
aimed at rationalizing the procedures for the manage­
ment of very low level radioactive wastes.

166. The Technical Review Commiuee on Under­
ground Disposal (TRCUD) which has guided the
programme in the underground waste disposal area for
the last ten years has been disbanded to make way for a
new advisory committee to be known as the Internation­
al Radioactive Waste Management Advisory Committee
(INWAC). This will have wider terms of reference a~d

will provide advice to the Agency on the whole of lis
radioactive waste management programme.

161. At the General Conference session in September,
a resolution was passed calling upon the Agency to
establish an "internationally agreed code of practice" for
international transactions involving nuclear wastes.
This followed public concern earner in the year as a
result of various reports of illicit exports and dumping
of toxic and hazardous wastes in developing countries.
A report, prepared jointly between the Division of
Nuclear Fuel Cycle and the Legal Division, on the im­
plementation of the resolution is to be su~mitted to the
next session of the G~neral Conference 10 September
1989.

168. The Agency co-operated with the Commission of
the European Communities in organizing an interna­
tional symposium on the "Management of Low and In­
termediate Level Radioactive Wastes" in Stockholm,
Sweden, in May. More than 300 experts from 32
countries and 6 international organizations attended.
The results showed that effective technologies for the
treatment, conditioning, storage, transport and disposal
of low and intermediate level radioactive wastes exist in
many Member States. New technologies continue to be
introduced, however, and those aimed at minimization
of wastes will be particularly beneficial for the nuclear
industry in the future. The currently most favoured
approaches for disposal of these waste types are en­
gineered shallow burial and deep geological placement.

169. A project aimed at improving the availability of
information on radioactive waste management to the
general public has continued. A consultants m~eting

was convened and will be followed by the preparalion of
a source book on the subject. The book is intended to
aid authorities in Member States responsible for
preparing public information documents and for
responding to questions about radioactive wastes.

170. Work was started on a radioactive waste manage­
ment database with the aim of providing a ready source
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of reliable information on the status of radioactive waste
management in the Agency's Member States. It is an·
ticipated that this database system will be useful for
responding to the many demands on the Agency for
information in the radioactive waste management area.

171. The Agency is currently providing support for 26
technical co-operation projects in 19 Member States in
the W:lste management area, and while they cover the
whole waste management spectrum, the majority are
related to handling, treatment, conditioning and
storage, reflecting the main current concerns of
developing countries.

(a) Handlin& treatment, conditioning and storage of
radioactive wastes

172. The potential hazards associated with sealed radia­
tion sources have become recognized in recent years as
a result of accidents involving human exposure and
fatalities. The Agency hets introduced a special
programme on the management of sealed radiation
sources. The programme covers the control of sealed
sources in their field of application (Division of Nuclear
Safety) and the conditioning and disposal of spent
sealed sources (Division of Nuclear Fuel Cycle).

173. Work on a new series of short technical manuals
offering practical guidance on the treatment, condition­
ing and storage of the various types of radioactive waste
which can be generated from applications in research,
met:l:cine and industry has been started. A video film
iL •,aating methods for the conditioning and storage of
certain types of sealed sources has been prepared as an
aid for use in training courses and lectures, and presen­
tations during WAMAP and technical co-operation
missions.

114. Four reports were published in the Technical
Reports Series on the "Treatment of Alpha Bearing
Wastes" (No. 287), the "Immobilization of Low and In­
termediate Level Radioactive Wastes with Polymers"
(No. 289) the "Design and Operation of Off-Gas Clean­
ing Systems at High Level Liquid Waste Conditioning
Facilities" (No. 291) and "Design and Operation of Off­
Gas Cleaning and Ventilation Systems in Facilities Han­
dling Low and Intermediate Level Radioactive
Material" (No. 292); three other reports in this general
subject area were completed and submitted for publica­
tion.

115. Three CRPs continue in this subject area on the
evaluation of low and intermediate level radioactive
waste forms and packages, the performance of solidified
high level waste forms and engineered barriel's under
repository conditions and the use of inorganic sorbents
for liquid waste treatment and as backfill at under­
ground repositories.



176. A relional training course on the handling and
disp(l!al of nuclear wastes held at the Institute ofAtomic
Energy in Beljing, Chin", WIlS aneaded by 21 par­
tu:lpanls from eight develop\llg countries.

(b) Unde'1f1Ound rtldlOQCtlve WASte disposal

177. In response to requests from several Member
States, the Agency has develop~d a report intended for
publication in the Safet)' Series, Safety Standards
category, entitled "Safety Principles aad Techaical
Criteria for the Underground Disposal of High Level
Radioactive Wastes", Comments on an advanced draft
have been received from interested Member Gtates and
are currently being evaluated. A report entitled
"Qualitative Acceptance Criteria for the Radioactive
Wastes to be Disposed of in Deep Geological Forma­
tiou" la at • similar stage of development.

171. The ICc.lnd edition of the Radioactive Waste
Management Glossary (IAEA-TECDOC-447) was
published. Technical Reports \>n the "Sealilllof Under­
ground Repositories for Radioactive Wastes" and the
"Natural Analogue, in Performance Assellments for
Disposal of the Long Lived Radioa"tive Wastes'"
together with a Safety Series report givin:, guidance for
tbe regulation of underground repositories for disposol
of radioactive waates, were finalized and submitted for
publication after being reviewed by tbe Technical
Review Committee on Underground Disposal
(TRCUD),

179. Co-ordi:lated research programmes on tbe
geochemiatry of long lived transuranic actinides and
rwion products and OD the milration and biological
tranafer of radionuclides from shallow land burial have
continued.

(c) DlcontfPnlmll;on and decommLuioning ufnuckar
facllltl,s

110. Tbe programme consists of three component~

guidance on tbe decontamination and decommissionin8
of nuclear installatioui the management of uranium
mill tailinpi and the cleanup of large areas after a
nuclear accident.

181. Reports on the "Decontamination and Demolition
of Concrete and Metal Structures during Del.:ommis­
sioning of Nuclear facilities" and on "Factors Relevant
to tbe Recycle or Reuae of Components Arising from
Decommissioalng" were issued (Technical Reports
Seriea NOI 286 and 293), Reporta oa the development
of re8ulatory procedures for decommissioning and or.
the \we of remotely operated equipment in decommis­
sioning and relubilitation are being prepared. The final

,a

report on the first CRP (1984-1987) on decontamiaa­
tion and decommiuioninl was submitted for publica­
tion and preparations arc undcr way for a second CRP
(1989-1992) which will coacentrate on decontamination
tcchaololY.

ll!. Each year about SO 000 m3 of uranium mine and
mill tailings are produced for each 1000 MW(e) rcactor
in the world. Research Is stillsoing on to find suitllble
ways to close out 'uill tailings facilities tor lonl term
disposal. A new report reviewing the most recent work
in closinl out these facilities and on predictive modell­
ing of the migration of radionuclides is being finalized.

183. On the subject of cleanup of large contaminated
areas, a report entitled "The Cleanup of Very LarMe
Arells Contaminated as a Result of a Nuclear Accident"
was submitted for publication. Reports entirled "Over·
all Ope,rational Plllnning for the Cleanup and Control
of Very Large Areas After a Nuclear Accident" and "The
Safe Transport an<J Disposal of Very Large Volumes of
Contaminated Material" are in the revie~' ~;.ocell.

(d) Env;,cl1Imelllll/ aspects ofrtldioactive waste manQ&e­
ment

184. A report which evaluates the impact of deep sea
dumping OD mariae speciea entitlt:d "Assessing the Im­
pact of Deep Sea Disposal of Low Level Radioactive
Waste on Living Marine Resources" was published as
Techni~al Reports Series No. 288 and was presented to
the m~a;ting of the J ondon Dumping Convention in
September 1988, On a related subject, a report aimeti
at evaluating the effects of controlled radionuclide
releases on terrestrial and fresh water plants and
animals is in a final stagl~ of preparation.

185. Work commenced towards answeringll number of
questions posed by an intergovernmental panel of the
London Dumping Convention related to the risks as·
sociated with the dumping of radioactive wastes in the
marine eavironment, The Agency is rc:sponsib:: to the
Convention as its scientific advisor on :.Ill mancrs relat·
ing to radioactive materials,

186. Anew CRP wo started on the validation of models
i'or the transfer of radionuclides in terrestrial, aquatic
and urban environments, This CRPIwhich is sponsored
jointly by the Divililons of Nuclear Fuel Cyclc and
Nuclear Saf"'YI was recommended tlJ the Agcncy by the
Expert Panel following the post·Chernobyl accident
review in 1986. It will utilize the environmental infor­
mation which became available following the Chcrnobyl
release for the purposes of improving the reliability of

. enviwamenlaltransfer model predictions.

187. The principles for exemption of radiation sources
and practices from regulatory control (discuased above)



arc being a~plied in a number ofareas ofwaste manage­
ment and radiation protection. Reports are in prepara­
tion related to the application of eXClmption principles
to the recycle of slightly contaminated materilils from
the fuel cycle, and tu consumer products containing
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small radioactive sources, A new project on their ap­
plication to low level wastes from the use of
rMdionuclides in hospitals Ind researcb establisbmentl
has beeD started in conjunction with the Division of
Nu~lear Safety.



NlICL~:AR SA.~ETY AN I)
RADIATION PROTECTION

Sllfety of nuclear Installations

188. While nuclear safet)' Is primarily a national rcspon­
slblUty, lovernmonts hav~ become increasingly aWGlI'e of
th~ International dimensions of the safety lssue and the
benefits of co-operation and shared experience. As a
result, an InternatlonaUy agreed safety regime which can
be used voluntarUy to complement national ,"fforts ls
emerging. Largely through the combined effont of Us
Member States, the Agency continued In 1988 to serve as
an importllnt instN01Cm for bulldlna such an Internation­
al!)' agreed safety regime.

189. Responding to the needs of Member States, in 1988
the Agency strengthened itA safety evaluation and infor·
mation exchange services for nuclear power plantland
research reactors. The Operat ional Safety Review
Team (OSART) programme included six missions to
plants operating or nearing operation in six countries­
France, Hungary, Italy, Japan, Sweden and the USSR.
Teams of eXp\:rts from Member States and IAEA staff,
together with observers from developing countries,
provided impartial international recommendations on
opei'ationallafety in ke)' areas Including management,
plant operation, maintenance, training, technical sup·
port, radiation protection, plant chemistr)" operational
feedback and emergency preparedness. Preparatory
work began for 1989 missions to Brazil, China, Czechos·
lovakia, the Republic of Korea, Pakistan, the United
Kingdom and tbe Unhed States, To supplement
OSART guiJelines, rderence material and additional
guidance 011 surveillance and industrial sufet)' were
prepared for publication. A second report on the
generic findings of OSART missions, synthesiling the
results of seven missions from June 19H7 to June 1988,
was also prepared for publication.

190. Since the programme began in 19M3, international
teams ofsome 200 safety specialists bave been invited to
visit plantl in 18 countries and to explore with the: people
involved how operational safety can be brought to Itn
even higher level. Appropriately, OSART users met in
Vienna in June for the first in a serielt of meetings to
compare experience and recommend improvements,
Fifteen countries were represented by participants from
20 nuclear power plants end 6 regulatory bodies.

191. As part of its efforts to foster wide feedback of
experience among specialists engaged with similar type
f':.dctOrs, the Agency sponsored a mee:ting on operation­
al safety experience for two· loop pressurized water reac·
tors.

192. The Operational Safety Indicators Programme
(OSIP) provides numerical perfurmance iudicators of

plant saCety that help focus ll88CSSmentl on key areas.
Since 1986, the OSIP approach baa been used In 'loDjunc­
tion whhOSART minions. Although in many countries
".fety Indicators are an effective tool for learning about
operational safely prJr.tlces and trends, there is nOI yet
an International consensus on a set of Indicaton. To
promote consistency among the various approaches, the
Agency held an open workshop in Vienna for those
using sucb tecbniques.

193. Tbe Aacncy'slncident Reporting System (IRS) is
the only worldwide service for the exchange of informa­
tion on operadonal safety c"Perience, with 24 of the 26
countries with nuclear power programmes reporting
directl)' to the IAEA or through the co-operative
regl,onal system of the Nuclear Energy Agency of the
OEeD. The IRS works by collecting, analysing and
disseminating useful information about repor,Jd safety
related events at nuclear power plants. The aim is to
undcrstandllafety problems that may be common to
specific plant types or generic to all plants and to dis­
seminate this information, By the end of 1988 there were
613 events recorded in the system. The emphasis this
year was on analysing Ihe lafet)' significance of the
reported events. Meetings were also beld througbout
the year with utility representatives, nuclear plant
opcrators, national authoritics and others using the IRS;
these yielded practical lluggestions on ways of improving
the information reporting and feedback. Computeriled
IRS information is now availi.ble on diskette to rcquest­
ing Member Stah:s.

194. As a complementary activity, tbc Asscssment of
Safety Significant Evcnls Teams (ASSET) programme
responds to requests I'or assistance in learning more
about the underlying causes and prevention of incidents
with significant safct)' implications, In November an
ASSET team visited Bra/it and in Octobcr the ASSET
approach was used Iu tu identify gencric safety iSllues
from the reportcd cvcnts in the IAEA·IRS.

195. For more than 15 years Ihc Agency has been assist·
ing Member States tbrough its programme for ~ne In·
tegrated Safety AlIseSllment of Rellearch Rellcturs
(INSARR). The 326 research reactors operating in 55
countries in 1988 had a cumulative uperating experience
of9814 reactor·ycars, backed up by an impressive record
of safety. Aases51ncnts arc conducted periodically at
research reactors set up with Agency assistance and also
upun request. In 1!J88INSARR experts viltited a reactor
facility in Venezuela. Additionally, there were four re·
quested milisions - to Colombia, Iraq, tbe Republic of
Korea and Norway - the latler being the first to a
facilit), iD a developed country with a large Icale ex­
perimental programme.

196. Efforts to enhance the operational safety of re­
search reactors bave taken on added importance as more
than two-thirds of these reactors are at least 20 years old.



For many countriel, modification and decomluionin.
are crucial luuel, whereas for otber countries, par·
ticularl)' In tbe developial world, concerns are with
aafety in litia.. desilninl and operating reactors cur­
rentl)' beins constructed or planned. Until recently
there has boen Uttle international guidanco available to
complement national efforts for rcsearch reactor ufety.
To help fill thi' lap, the Ascncy initiated in 1988 a
three-year publication prolramme whIch wUl !nclude a
Safct)' Standard report, several Safety Guides and Safety
Practices. Tbe first Safety Guide, on desilD for safety of
research reactors, will be finalized for publicalion in
1989. A eRP on probablllstic safety asseaament for re·
search reactors waa completed in 1988. The results of
thlswork, which involved 13 institutions froan 12 Member
States, were documented in a summary report and in
three volumes descrlblns casc studies of safety feiltures
of specific reactor types, Preparations alao besan for
tbe first international symposium devoted to tbe inue of
researcb reactor safety, operations Ind modifications,
whicb will be held in Canada ia 1989 under IAEA
auspices,

197. In tbe AgeacYs Nuclear Safety Standards (NUSS)
prosramme tbe five Codes of Practice were revised for
the first time siace tbe initiative begun over a decade
aso, to reflect current tbinking and experience gained
in accident prevention and manascment. The revised
Codes (for governmental organization, siting, design,
operations and quality assurance) were published fol·
lowing technical approval by tbe NUSSAG advisory
group and formal acceptance by tbe Board of Ouvtr­
nors. TraDshttions of tbe revised codes into fuur laa­
guages were completed for pubHcMtion in 1989. Work
began on updating a selectc:d number of Safety Guides
in view of major advances in the state·of·tbe-art.

198. Although the Codes arr not binding, Member
States bave used them extensively to elaborate nalional
r&.lswations, Virtually all of the Member Stales with
ongoiag m emerr;"g nuclear power programmes
responded 10 the Agencys recent questionnaire aboul
their regulatory standards and practices and possiblt·
ways to acbieve consistency among national r~gulahu>

approdches to saf~ty, The results of tbis inquiry were
among tbe topicli dilicussed at the Intel'nalional Sym·
posium on Regulatory Practices and Safely Standards
for Nuclear Power Planlli, which was held in Munich by
tbe IAEA, lbe OECOtNEA and the Government of the
Federal Republic er Germany. Nearly 200 specialisls
frum 32 Member SIales and 4 international organila·
lions participaled in tbe meeling, wbich provided a uni­
que opportunity to cxchange views on good regulatory
practiccs and to explore the notion of organiling non­
mandatory inlernaliunal peer reviews of nalional
nuclear regulatory programmeh. Following a request by
a Member Stale for sucb an a&SCbbmenl, the Agency
prepared guidelines for lA pilot mission in II}HlJ; tbe title

of tbis activity was cbanled to Comparative Studies of
Regulatory Activities.

199. In tbe area of nuclear fiicility shiag, several mia·
.fODS were undertaken ia lIupport of tecbnica: co-opera·
tior projectsia tbe Islamic Republic er Ir6n, Indonesia
and Romania. Other safety miaaioall laduded the full
Dcale testiag of a nuclear lastallation buil~.ina in Pr-ru
e.nd the as.lIesr.ment of safety relevanl damage at u
nuclear power ~Iaat in tbe Islamic Republic of Irln. An
Ageacy sponsored training course oa civil engiaeering
requirements for tbe stru'tural design aad constructioa
"f auclear power plantll wall held ia Poland, and a
worksbop on quality assurance siting for nuclear
facilities took place in Morocco. The year also saw tbe
publicatioa of two NUSS user manuals - on "['.1I1e As·
lIessment in Nuclear Power Plaat Shing", and on tbe
"Prevention aa'l Mitisalion of Groundwater Con·
taminlltion from Radioactive Releucs" (IAEA­
TECDOes Nos 4~O and 482),

200. Agency compuler codes were used by 20 experts to
lInalyse tbe safety of WWER·type nucleir reactors in
four Member States, Experience gained in the use of
thesc codes was among tbe subjccts discuslled al tbree
workshops held during the year. A technical document
(IAEA-TECDOC·477) was publisbed summarizing the
comparalive results of the Agency's secoad "standard
pmhlem excercise' conducted jointly with the Central
Research Instirute for Physics of the Hungarian Nation­
al Academy of Sclclnces,

201. Tbe International Nuclear Safety Adviliory (j roup
(INSAG) completed its pioD,~ering work un "Basic
Safely Principlcli for Nuclcar Power Planls" (I NSA(J-~).
The principleli renect lhe most advanced policies and
prllctices being pursued at nuclear powr.r planlh, The
INSAG·3 reporl and its messllgc: huve been widely dis­
tributed to stimulate feedback on the next steps thatlhe
Agency and its Member Stales could lake 10 assist the
nuclear community in its quest for safety excellena:. In
Fehruary, lhe Board of Governors approved the Direc­
lor Oeneral'll propl)lIalto maintain INSAO for another
three-year lerm, Meeting for the first lime in Novem­
ber. the new members of INSAG sel priorities and
defined a plan of aClion for this period,

202. Tbe INSAO-3 report was amung lbe lopics dis­
cussed attbe Inlernalional Symposium on Severe Acci­
dents in Nuclear Power Plants, which was held in
Sorrento. Italy, The me~t.nM se",ed as a limely forum
for excbanging information OD the scienlific and lechni­
cal aspects of severe accidents and the ralionale and
implemenllltion of scvere accident praclices in several
countries. Tbe symposium proceedings were published,
A lechnical commillee mceling held in Moscow later in
the year fm:used on lhe design hl)sis for severe accident
containment. including the design and phybical charac­
teri"ticll ofconlainmenl systems, containment loads and



system response. the uaessment of reserve marsins, and
maaasement.

Reliability f4nd risk a....smellt

203. la 'be area of probabllilttic safety alleaament
(PSA). the Aaency continued :0 play an in,portant role
iD 'lciUt.tiDg InformatioD exchanle. advancinl PSA
Uletbodolol)'. and alslstlns Member Statts In the use of
PSAs.

204. Withhl the framework of a r08i,,)nal programme.
luidaace wu aiv~1l to five Member Statelt in conductiDI
'SAl for WWPR-400 type reactors,

205. Aseacy spoDsorcd training courses were h\lld (or
PSA analysts Ind manasers, respectively. in Arlonne.
USA. and Oldbuf)'. United Kinsdom. and a course on
probabillstlc coDsequence evaluation took place In
Dublin. Ireland.

206. An Apncy personal computer software package
developed for fault-trec and event-tree analysis was dis­
tributed to more than SO users in resulatory bodies.
research 100dtutiona and utilities in Member States,
Tbe package is being adapted for use 11 a tool for the
safety maaagement of nuclear power plants. in co­
operation with Member States,

'1J11. Work continued on implcmentins the CRPs on
probabillatlc modelling of accident scquence.s and on
the collection and analysis of PSA reliability data, The
CRP on the comparison of the cost effectivencss of risk
reduction among different energy systems drew to a
close. Thf'· prosramme. which included more than 30
case studies carried out by 1.5 Member States.
demonstrated the practicality of this methodology for
risk reduction analysis. The final report on tbe
programme Is beins prepared for publication in 1989,

208. A drllft Safety Series document wbicb deacribes a
standardized framework for conduct ins PSAs in
nuclear power plants and for reporting tbe results was
circulated for comment. In anotber publication. issued
as IAEA-TECDOe-478. the Agency reports on the
t;ompilation of component reliability data. which are
stored in a form facilitating interrogation and informa­
tion retrieval on personal computers.

209. Propeas was made on implementins tbe inter­
alenC)'. (IAEA/UNIDO/UNEPIWHO) project for as­
selling and managing the health and environmental
risks of energy and other complex industrial systems.
Case studies were initiated in cight Member States. and
work began Cln drafting supporting tcchnical documen­
tation.

210. To keep abreast of advances in operational l\"fety,
the Agency sponsored the International Conferencc on

l'

the Maa-Machlno laterface in tbe Nucloar Industry.
The confereace was held In Tokyo. Japan. in co-opera­
tlon with the Nuclear EnerIY Agency of the OEeD and
the Commission of tbe European Communities. Nearly
500 specialists from 28 Member States and 4 interna­
tl9nal oraanlzatlollP. JlscuSled problems and prospects
fer Improviall tho man-maClbine laterface, Tbe con­
ference proceedings were published.

Radiation protedlon

211. For more tblln 2.5 yours tbe AgcnC';' hall established
standards ud guidaace on radiation protection a.,d
assisted Member States In their application to national
legislation and practices. In 1982. tbe Agency. togetber
with the ILO. WHO and the OEeD/NEA. developed
the Basic Safety Standards for Radiation Protection.
These standards. which are based on recommendations
of tbe International Commission on Radlologicr I
Protection (ICRP). apply to anticipated situations aa­
sumed to occur with certainty, For anticipated situa­
tions where the exposure probability Is lower than unity
(so-called potential exposures). international efforts are
under way to formulate protection principles consistent
with radiation protection standards, However. for un­
anticipated (so-called de facto) situations. there is not
yet an irderaational consensus on radiation protection
principles,

212. The work on radiation protection continued to
address thest needs. focusinl on the development of
basic criteria. occupational and environmental prot~c~

tion. radioactive material transport. emergency plan­
ning and preparedness. radiation source .:ontrol. the
radiation safety of nuclear fuel related activities. and
expoaure assessment and handling.

213. The Agencys long-standing co-operation with the
ICRP continued, tbrough information exchans",s and
liaisoD with ICRP's Main Commissio:1 aimed at cnsur­
ing consistency in approaches, Among nther things. the
ICRP is currently revising its basic recommendations
and preparing documentation on several subjects. such
as the monitoring of inll.: 'tal contamination. optimiza­
tion in decision making for radiological protection. and
the control of ptobabilistic exposures. Specifically, the
Agency has developed practical recommendations for
implementing tbe decision making tecbniques for op­
timization set out in the forthcominglCRP report. and
is defining policy criteria relative to probabilistic ex­
posures.

214. The results of activities in environmental asscss­
ment and radiation protection were synthesizcd and
reported in a number of documents which arc in various
stages of publication. A report on the principles for the
er-emption of radiation sources and practices from
regulatory control was published as Safety Series No. 89.
The three-year work of extending the principles of



radiation protection to sources of potential exposure
drew to a close witb the preparation of tbe final report
for pubUcalion in tbe Safety Series, To aulat in tbe
application of tbe principles for limiting environmental
releases of radioactive effluents set fortb in Safety Series
No, ", a report w&:) finalized wbicb recommends ef·
~ t~t relell' limits for nuclear powcr plants and
reproccasing piants; wor" progressed on a "elated puh·
lication describing metbods of aasessing indivldualand
collective doses. A rerort recommending principles for
setting rcgional and global d'JIC upper bounds was also
finalized for pubUcation ;n the Safety Seti"s. A docu·
ment OD the use of real-time atmr,6pheric transport
models under accident conditions YtIS prepared.

215. Radon exposures account for at least half of tbe
average dose from tbe radiation in tbe natural back·
poud. To learn more about controlling tbese ex·
posures, the Agene)' initiated a CRP for monitoring and
asseaaing botb outdoor and indoor radon exposures in
the natural environment.

216. Tbe Ust of consumer products incorporatipg
proceaaed or natural radioactive materials grows steadi·
ly, witb leveral million units available on markets
worldwide, Normally, the radiation dose people receive
from using these products is negligible, but bazards
could arise if practices are not properly controlled, An
advisory group met to draft a Code of Practice on con·
trolling tbe uses of consumer products containing
radioactive materials; a draft document is being
prepared for comment by Member States.

217. Fullowing tbe Cbernobyl accident, Member States
supplied tbe Agency with measurements of radioactivity
in environmental materials, and the task of entering
these into the Agency's database was completed in 1988.
Accompanying software was developed to facilitate data
extraction in line with user requirements. In addition to
its use by UNSCEAR for analysing exposures from tbe
Chernobylaccident, tbe database hlls provided support
for two Agency projects: a joint WMO/CEC/IAEA
project ~n tbe validation of long range atmospheric
transport models for use following an accidental release
of radioactive materials; and tbe new CRP VAMP (tbe
validation of models for the tranafer of radionuclidea in
terrestrial, aquatic and urban environments), which is
sponsored jointly by tbe Divisiona of Nuclear Safety and
Nuclear Fuel Cycle.

218. During 1988, the Agency's traditional relationship
with tbe International Commission on Radiation Units
and Measurements (ICRU) was enhanced. Recently,
ICRU recommended new quantitites for the practical
determination of dose equivalents (see ICRU Docu­
ment 39) and began drafting documentation on calibra­
tion techniques and the expected performance of
measurement instruments and dosimeters. In line with
the Agency's responsibility to assist in implementing
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these new quantities, Agency staff worked closely with
representatives of the ICRU to ensure tbat the informa­
tton prOVided i'-l these publicadons would meet tbe
D\:eds of Member States.

219. PaHicle accelerators are increaainglybeing used in
tbe f'lndament..i and applied sciences, as well as in­
dustrially, To enhance tbis development, in 1975 ~he

Agency iahiated a series oC te~bnicll! reports on
radiological safety of accelerator operations. In 1988,
tbe tbird report in thit. series appeared, focusing on tbe
safe operation of positive ion accelerators,

220. AI in previous years, tecbnicaladvice wal provided
for tbe execution of a variety o! tecbnical co-operation
projects on radiation protection, totalling over 70
projects in 36 Member States. The Agency also con·
tinued to support radiation protection projects within
the ARCAL plan of activities - a regional initiative of
14 countries from the region of Latin America. Projects
supported in 1988 included one workshop, various train­
ing courses,several co-ord~nated research and investiga­
tion studies and, technical review of activities carried
out so far under this plan.

221. In the area of emergency planning and prepared­
ness, work continued on the development of guidance to
assist Member States in various aspects of emergency
response, Work WilS completed and four related docu­
ments were submitted for publication in the Safety
Series on the following subjects: post-accident auess­
ment and recovery in a contaminated environment; on­
site hllbitability in tbe event of an accident; response to
released materials with transboundary impacts; and
planning and preparedness for accidents involving
radioactive materials in medicine, industry, research
and teaching, The Agency also issued acontract for the
development of a real-time dose IllleSsment nlOd.:I,
which Member States will be able to use on minicom­
puters for allessing the radiological c.onscquences of
Iltmospherically released radioactive materials. Work
under this contract is experted to be completed in 1990.

222. A report entitled "Medical Handling of Acciden­
tally Exposed Individuals" was puhlish~d in tbe Safety
Series (No, 88). This represents tbe first in a series of
publications dealing with the diagnosis. prognosis and
treatment of overexposed people. The second report,
on the allessment and treatment of overexposurcs due
to external radiation, draws on the lessonslcllrned frum
recent accidents to suggest ways of dealing with lucal­
ized radiation injuries and skin lesions; the document
was submitted for publication.

223. Work continued on formulating guidance relating
to internal dosimetry and tbe assessment of internal
contamination, and on preparing a document for the
Safety Series on tbe assessment of the occupational
intake of radioactive materials.



224. 1'be CRP on tbe use of reaUstic chellt phantoms for
the allllCSIUlu:nt of plutonium and other actinideli
depollited in the IUDg drew to d close. The results of
luboratory tests and calibrati'Jns undertaken by col·
laborators using phantoms supplied by tbe Agency were
una lysed and documented. In view of the different
anutomical, physiological and metabolic clata applicable
to Asian people. a CRP heg~n tbill year to compile
cbBt'~cteristics of the ",ef~rence Asian Dum". Tbe aim is
to provide uSUib\ble basis I'or dose IItIsessment.

22.5. The Resulation5 for the Safe Transport ot
Radioactive Material. illllued in 1962. are continuously
updated to reflect developments in practices. tech·
nologies. aud requirements; tbe latest revision appeared
in 1988 (Supplement 1988 of Safety Series No. 6).
Progress was made toward, finalizing provisions for the
transport of uranium bexafluoridc. and work began on
formulating air transport requirements for packages
with high activity contents. Including plutonium.

226. Togetber wiLh a .Iumber of Member Slates. work
began on compiling new databases using personal com·
puter facilitites: PACKTRAM (on national competent
authority approvals for transport) and EVTRAM (on
events ie the transport of radioactive materials)

227. Work continued on tbe CRP aimed at under·
standias tbe radiation protection implications of
transport accidents. As a complementary activlly. a
meeting was held in Stockholm which laid the founda·
tions for a new CRP on the development of risk assels,
ment methods in transport safety. Tbe research, which
will involve institutions in ten Member States, seeks to
develop improved methods and related data applicable
to both incident· free transport and accident situations.

228. As a result of tbe immediate post·Cbernobyl dif·
ficulties that existed in many countries about how to
protect the public from contamination. the Agency has
intensified coUaboration with WHO, FAO and uther
organizations in achieving a more uniform approach to
the settingofderived Intervention levels. particularly for
foodstuffs. Safety Series No. 72. which setr. out the
Agency's guidance on establishing international levels
for the protection of the public in the event of a nuclear
accident. is being revi!l~d; an interim report (IAEA·
TECDOC·473) was published in 1988. In related work.
a report was completed on monitoring for tbe immedi·
ate radiation protection of the public following a major
nuclear accident; this document will reflect recent ad·
vances in the !!tate·')f-the·art whicb have taken place
since the former Agency guidance was issued on this
subject in 1966.

229. At an IAEA/NEA mer-ting in Vienna. an interna­
tional consensus was achieved on the exemption of
radiation sources and practices from regulatory control.
The exemption principles, which are described in a pub·

licluion issued in 1988 (Saafety S~rie,., No. 89). were
developed jlntly by tbe Divisions of' Nuclear Safety and
Nuclear Fuel Cycle. The staff also beglln work on ape
plying tbe principlel. for example. to consumer products
containing radioactive materials and to low level wastes
from the use of radionuclldes in hospitals and research
esutblishments.

1.30. Recent radloloskel llccidenrs and the resulting
injuries aad fatalities have highlighted problems that
can arise when sealed radiation sources are not properly
oontrolled. For many developing countries, the probe
lem of using radiation sources safely is particularly chal·
lenging. Early in 1988 the Asency initiated a new
programme to address the problems of source control
and sp:nt source management. Work began on develop.
ing useful guidance on the safe handlins of radiation
sources and on assisting Member States with the im­
plementation of this guidance. Four documents were
submitted for publication in the Safety Series: the safe
use and regulation of radiation 1rI0urces in industry.
medicine. research and teaching; emergency planning
and preparedness for accidents involving radioactive
materials used in medicine, induliuy. research and
teaching; operational radiation protection - a guide to
optimization; and the aafe handling of tritium. Two
meetings beld this year resulted in a draft document on
the safetyaspects ofdesigning and operat Ing gamma and
electron irradiation faacilltites.

231. Two Agency·sponsored international conferences
on rlldiation protection issues. toge,her with thl: Scien­
tific Meetingon Radiation Protection held concurrently
with the General Conference session in September, cm·
phasized the importance the Agencl attaches to
promoting the safe w.,~ of nuclear techniques..\t the
first gathering- the International Conference on Radia·
tion Protection in Nuclear Energy. held in Sydney.
Australia in April - some 350 experts from nearly 60
Member States and 6 International organizations dis·
cussed radiation protection principles and policy issues.
The Conference proceedings appear in two volume:;
issued in 1988.

232. The second major 8Ilthering. inJuly, was a post-ac'
cident review meeting held in Rio de Janeiro. It served
as a timely forum for more thall 20 experts from 11
countries and 3 international organizations to examine
the causes al1d consequences of the September 1987
radiological emergen",')' in Goi4nia. Brazil. As a follow­
up.tbe Agency published a report on the lessons learned
about accident prevention and management.

Radiation protecUon services

233. For many countries using ionizing radiation, dIce·
tive radiation protection is especially chalh:nging. This
year. Member State!! continued to show increasing inler­
est in co·operative programmes that employ tcams of



international experts to advise on ways of strengthening
radiation protection. Upon request, Radiation Protec­
tion Advisory TCllms (RAPATs) rcviewed tbe in­
frastructures in 12 countries (Bangladesh, Costa Rica,
C6te d'lvoire, Ethiopia, Greece, Guatemala, Indonesia,
Jamaica, Madagasctlr, Nigeria, Senegal and Viet Nam)
and recommended long term strategies for assistunce
and co-operation in tbe use and control of ionizing
radiation,tallored to tbe countdes' priorities and needs.

234. Thi'ec other countries (the Libyan ArJb
Jamabiriyft, Qatar and Zambia) rr.ceived radiation
protection missions (other than RAPAT missions) to
advise on measures for ensuring the existence and im­
plementation of effective radiation protection legisla­
tion. Two missions to Jordan assessed the radiation
protection services at medical installations.

235. In line with RAPAT recommendluions, regional
projects progressed to val'ious stages for several Mem­
ber States with common needs for assistance in
strengthening their ,"adiation protection Infrastruc­
tures. In view of the similarity of environmental comB­
tlons In Middle East countries, work continued on
developing regional capabilities for radiological en­
vironmental monitoring. Tb~ year also marked the
development of a TLD monitoring system, a network of
air contamination monitors and a food contamination
control system for joint use in the region. Preparations
also began for a new project for this region which, among
other things, would train employeefi of national bodies
responsible for radiation protection.

236. Witbln the fl'umework of the ReA projcct for the
Asian and Patific region, several workshops were con­
ducted at which participants discussed comparative
regional Iitudles for environmental and personnel
dosimctry and the ongoing work of dcfining cbarac­
h:ristlcs for the "reference Asian man". To further en­
hance rcgional capabilitites, the Ag~' ,lCy sponsored a
regional training course wbich was hcld in Sydncy in
co-operation with Australian authorities,

237. Regional assistance tu Member Statcs in Africa
included a training coursc for 14 radiation protection
officers, which was held in Nairobi and basted by tbe
Radiatiun Protection Board of Kenya. Nairobi was also
the venue of an Agency sponsored regional seminar on
radiation protcct!on serviccs.

238. Personnel monitoring scrvices continued to be
provided on a routine basis to Agency staff, to technical
co-operation experts on mission, and to trainees from
Member States. For example, 32 000 TL dosimeters
were evaluatcd, 1000 whoh: body countings and 1100
bioassays were performed, and some 300 fast neutron
dosimeters were Issued and evaluated.

35

239. Personaeltbermc,lumlnesccnce dosimetryservlces
were provided to tbree Member States (Nigeria, Sierra
Leone Ilnd tbe United Arlb Emirates) In wbich sucb
services were not locally available.

240. Durlnl1988, there were 37 technic.1 co-operat lI)n
projects under way for tbe establishment of national
radiation protection scrvlces.

Convtnllons

241. Member States continued to show increafliug in­
terest ID puning Into force a wide range of biDding
internationAl conventions covering the early notification
of a nuclear accident, multinational assistance for a
radiological emerge ncy, the physical protect ion of
nuch~·ar materlal,and civil liability for compensation for
transboundary daMage from nuclear accidents.

242. in connection with the internatlor.al convcntions
on early notification of e nuclear accident and on emer­
Rency assistance, several steps well: laken to enhance tbe
rcsponse capability of the Emergency Assislatlc,," Ser­
vices. The Emergent)' Notification and Assistance
Technical Operations Manual (ENATOM) ~as com­
pleted for distribution to Member States. Co-operation
cuntinucd with the World Meteorological Organization
on the use of tt,e WMO Global Telecommunication
System «(ITS) for t~e rapid transmission of
meteorological and radiological data to over 160 nation­
al contact points; tbe IAEAIWMO manual on the use of
tbe GTS under emergenc), situations was finaJlzcd. In­
ternally, the Nuclear Accident/Radiological Emergency
ASliistance Plan (NAREAP) was finalized, and work la
under way to complete a handbook of procedures. The
first stage of the tecbnical Installation of tbe Emergcncy
Response Unit (ERU) was completed aDd tested.

243. On 8 February 1987 the International CODveDtlon
on tbe Pbysical Protection of Nuclear Material entered
Into forc&:. In February 1988 the Board of GoverDors
requcsted that the Agcncy, togetber with Member
States, study tbc need for updating INFCIRC/225/Rev.l,
which includes retommendatlons on the physical
protectk,n of nuclear material. Work is under way in
this direction. The eighth intcrnatlonaltralning course
on the physical protection of nuclear facilities and
materilds was beld In Albuqucrquc, New Mexico, USA.

Nuclear sarety review

244. To help Member Stalcs keep aware of recenl
developments in nuclear safct)' and radiation protection
worldwide, Ihe Agency published the sixth edition of tbe
"Nucleltr Safety Review", Among other things, the
report highlighb lClisons learned since Chernobyl about
accident prevention and management and considers the
:mplications of thc 1987 radiological accident at
Gollinia. Brazil.



FOOD AND AGRICULTURE

Soli fet1Ulty, Irrlptlon and crop procluetlon

245. Alsistance to Member States was provided
throUlh 49 relOarch conUacts and aareements and 69
technical co-operation projects.

246. Research work aimed at quantitative evaluation of
available nitrogen (N) from AzoIIa biofertilizer to
flooded rice continued under different management
conditions. The results bave shown that Atolla biofer­
tUizer appliCld at 30 kg N/ba iD as satkifactory as urea as
fertilizer. AloUa works as aslow release N-fertiUzer and
losses of Nover the first 40 days were Q.l0% fromAzolI1I
but 30-40% from urea.

247. Comparison of nuclear and non-nuclear tradition­
al methods to measure field soil water content continued
through a CRP. Results have shown that variances of
measurements made with neutron moisture gauges are
always lower than with traditional non-nuclear methods,
thus requiring fewer measuring sites for a particular
I~\'el of accuracy. Efforts are being made to compare
calibration methods of neutron moisture gaugcs, includ­
ing theoretical calibration.

248. Isotope-aided and radiation-aided studies to in­
crease crop production in nit affected soils continued.
Diffcrent crop species screened for salt tolerance are to
be tested for biological amelioration ofsalt affected soils
id field cxperimcnts which will be implemented in eight
different countries. Research on salinity tolerance
mtlchaDiama la alao beiug carried out.

249. The CRP to improve the yield and N2 fixation of
Phllseolus ~14/gcuis (field beana) in Latin America con­
tinued. Preliminary results havc shown that N2 faxation
varies from 2S kg to 16S kg N2 raxed/ba among 29 lines
of P. VU/pM. Thc lines of bean with high N-fuuuion
capacity will soon be adopted by farmers.

2'0. An interrcgional training course on the use of
isotopes and nuclear techniques in studies of soil-plant
relatioaahip with emphaaia on root biology and the use
of soil resources was held at the Agcncy's Agricultural
Laboratory Seibersdorf. Additionally, a regionalrrclin­
ing course with emphasis on biological nitrogen faxatiun
was held at Acera, Gbana. Fellows andscientific visitors
received specialized training on the use of isotopes and
nuclear techniques In soils research at the Seibersdorf
Laboratory amouatingto SS person-months.

Plant breecllnl and lenetics

251. Assistance to 35 Member States was provided
through 36 national and 2 regional projects. Traiaina in
technologies aeeded for the application of nuclear tech-
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niques in plut improvement wu arraDled for 62 scien­
dats from 36 Member Statcl through fellowships or
COUlIOl.

252. Further development ot lccbDololY was promoted
throup 35 research contracts, 19 reaoarch agreements
and 2 technical contracts. Tbe work foculOd upon the
use of doubled haploida in cereala (involving antber
culture), and upon in vitro mutation breeding for im­
provlq disease rcsistance.

253. The Plant Breedinl Unit at the Seiberadorf
Laboratory was strongly involved In the tcchnology
developmeot for mutation breedl:lgin responae to assis­
tance requests from Member States. An interregional
aainial course bosted by the Laboratory included par­
ticipants from 19 Member States. Inadiation services
for mutation induction were provided free of charge as
u.ua1.

254. A (lOnswtants meeting on nuclear technique. and
plant genetics identified tbe areas of applied molecular
genetics where the Agency should be prepared to assist
its Member Stites in accelerating the development of
improved crop cultivars.

255. Through two issues of the FAO/lAEA Mutation
Breedins Newsletter, plant breeding i.aatitutes in Mem­
ber Statea wcre informed of 275 additional improved
cultivars developed by the use of induced mutations and
given information on valuable germplaam and tech­
nological advances.

Animal produetlon and health

256. Two CRPs on the use of radioimmunoassay (RIA)
tecbniques to improve the repruductive efficiency of
livestock were completed and the results prepared for
publication. As a consequence of tbese activities, RIA
techniques have been successfully used to determine the
factors which limit reproducti' eefficiency in indigenous
livestock and have helped to improve that efficiency at
the small farm level.

257. Work continued uader CRPs on the productivity
of domestic buffalo in Asia (within the framework of
RCA), and on the productivity of sheep and goats in
Africa and Asia.

258. Work continl\Cd unde." a CRP on the use of im­
munoway techniques in monitoring the reproductive
efficiency of indigenous African livestock. This
programme is funded from extrabudgctary resources
provided by the Technical Assistance Departmt at of the
Netherlands Ministry of Foreign Affair14 and supported
by a reaional technical co-operation programme.



259. A CRPwas initiatedon the development offeeding
strategies for ruminant livestock in areas of fluctuating
nutrient supply.

260. A regional CRP was initiated on the use of
radioimmunoassay, enzyme immunoassay a~d DNA
probe techniques for improving the reproductive ef­
ficiency and diagnosis of diseases in Asian livestock.

261.. A regional CRP was established for the
seromonitoring of rinderpest vaccination in Africa
using a standardized immunoassay kit developed at the
Agency's laboratory Seibersdorf. This programme is
funded from extrabudgetary resources provided by the
Swedish International Development Authority (SIDA),
and supported by a regional technical co-operation
programme.

262. A regional CRP was established to develop im­
proved methods for diagnosing animal diseases in Latin
Americabased onenzyme immunoassay procedures and
labelled DNA probes. This programme is funded by the
Swedish International Development Authority (SIDA).

263. A regional CRP was established to develop im­
proved method's for diagnosing and controlling
trypanosomiasis in cattle and camels in Africa using
enzyme immunoassay methods and monoclonal an,
tibodies. This programme is funded from ex­
trabudgetary resources provided by the Technical
Assistance Department of the Netherlands Ministry of
Foreign Affairs and supported by a regional technical
co-operation programme.

264. Within the framewor~ of ARCAL, a training
course was organized in Argentina on the use of im­
munoassay, monoclonal antibody and labelled DNA
probe methods for the diagnosis of livestock diseases.
The course was attended by 26 scientists from 14 Latin
American countries.

265. A training course on the use of immunoassay
methods for the serosurveillance of rinderpest in Africa
was held ~n Ethiopia and was attended by 23 scientists
from 18 African countries.

266. Research and training continued at Seibersdorfin
animal reproduction, disease diagnostics and nutrition.
Of particular note is that over 500 000 assay units for
progesterone determination by radioimmunoassay and
a similar number for monitoring antibody levels to
rinderpest by ELISA were distributed to Member States
in support of technical co-operation and research con­
tract programmes. The Agricultural Laboratory also
provideddata on the nutritional value ofover 30 agricul­
tural bY'products for animal feeding and 40­
man/months of fellowship training were provided in
radio- and enzyme-immunoassay methods and analyti.
cal techniques related to animal nutrition.
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Insect and pest control

267. Assistance to Member States continued through
43 research contracts and agreements, 19 technical co­
operation projects, and an interregional training course
held in the USA.

268. Development of the Sterile Insect Technique
(SIT) for use against the Mediterranean Fruit Fly
(medfly) continued through CRPs, technical co-opera­
tion projects and support from the Seibersdorf
Laboratory. Genetic sexing strains have been
developed, including several pupal colour strains and
one based on alcohol dehydrogenase. Polytene
chromosome maps have been completed. The Peru
project was terminated with the dear demonstration
that medfly could be greatly reduced, if not eliminated,
using a combination of insecticide bait spray and sterile
males. A training course on medfly SIT was conducted
in Colombia. Medfly larval diet recycling, developed at
Seibersdorf, is being transferred to medfly mass rearing
facilities in Guatemala and Mexico. When completed,
savings of approximately $1 million per year will be
realized. Development of genetic sexing strains is con­
tinuing at Seibersdorf, including field evaluation. A
search for a Bacillus thuringiens;s strain effective against
adult medflies continued at Seibersdorf.

269. The continued development of the SIT for use
against various tsetse fly species was highlighted by a
research co-ordination meeting combined with a
regional training course in Vom, Nigeria. The training
course emphasized the practical aspects of the SIT for
tsetse eradication, including both laboratory and field
activities. The research co-ordination meeting sum­
marized 5 years of activities within the programme,
including the successful eradication of G. pa/palis pal­
pa/is from 1500 km2 of Central Nigeria. Also reported
was the successful eradication of tsetse flies from a
3000 km2 area using the SIT in Burkina Faso. Develop­
ment of new and improved rearing methods for seven
species of tsetse flies continued at Seibersdorf. Tech­
nology to ship tsetse pupae from regional production
centres to field locations is being developed. Other
activities include research to sex tsetse flies in the pupal
stage and to develop more critical quality control stand­
ards. Of particular importance were preliminary data
showing that oven dried blood may serve as a replace­
ment for freeze dried or fresh frozen blood for feeding
tsetse flies. Plans are being developed for large scale
tsetse eradication projects in Ethiopia and Kenya and to
obtain resourr.es to initiate the expanded project in
Nigeria.

270. The CRP on F-! sterility is continuing with the
probable change to concentrate on one serious Lepidop­
tera pest, the diamondback moth.



Agrochemicals and residues

271. Assistance to M~mber : .:ates continued through
62 research contracts and agreements and 13 technical
co-operation projects.

272. Co-ardinated research programmes continued on
pesticide residues in stored grains, food plants and rice­
fish ecosystems, on controlled release pesticide formula­
tions, on the fate of persistent pesticides in the tropics,
and on assessing the impact ofbound pesticide residues
on non-target organisms.

273. Research at Seibersdorf concentrated on tbe
developmentofimproved pesticide formulations for use
in the control of tsetse flies and of weeds in paddy
rice-fish systems. Radiotracer studies continued at
Seibersdorf in connection with an Italian supported
project in Kenya and on developing methods for the
determination of trypanocidal drug residues in cattle.

274. Development of user friendly and simple
radioanalytical methods for ~e in developing countries
was taken up as a new activity.

Food preservation

275. Assistance to Member States continued through
52 research contracts and agreements, and 23 technical
co-operation projects.

276. The activities of the International Consultative
Group on Food Irradiation (ICGFI) c&rried out in its
initial phase, from 1984 to 1988, were evaluated at the
5th Annual Meeting ofICGFI in September. In accord­
ance with its mandate, ICGFI monitored and assessed
global developments in food irradiation, provided useful
information and advice to member countries and FAD,
IAEA and WHO in the areas of safety assurance of the
process, legislation, techno-economic feasibility, train­
ing, international trade and public information. A Task
Force Meeting on public information about folod ir­
radiation was convened to consolidate all safety data
related to irradiated foods and irradiation facilities.
Training workshops were held on irradiation to enSUle
hygienic quality offood (Netherlands) and the economic
feasibility of food irradiation (Israel). Eight Provisional
Guidelines on specific applications of food irradiation
were published by ICGFI. A Food Irradiation Process
Control S~hool (FIPCOS) for training operators and
food control officials was established. The Govern­
ments ofGhana and the United Kingdom became mem­
bers of ICGFI, bringing the total membership to 28. At
the 5th Annual Meeting of ICGFI, its members over­
whelmingly recommended the extension of ICGFl's
mandate for another tlve years, Le. until May 1994.

277. The second phase vf,ae Asian Regional Co-opt:ra­
tive Project on Food Irradiation (RPFI Phase II),
funded by the Australian Governmer.t, was successfully
completed. The technology on food irradiation had
been effectively transferred to local industries in several
countries in the region. As a result, Bangladesh, China,
India, Indc.nesia, the Republic of Korea, Pakistan,
Philippines and Thailand have approved a number of
irradiated foods for Consumption in recent years. Com­
merciaVdemonstration irradiators have been or are
being built in Bangladesh, China, the Republic of Korea,
Malaysia, Pakistan, Philippines, Thailand and Viet
Nam. A proposal for the next phase of RPFI with
emphasis on acceptance of irradiated food and control
of the irradiation process was submined to UNDP for
possible funding.

278. At the end of 1988, the number of CL..-;;ries where
one or more irradiated food items had been approved
for human consumption totalled 35; 21 of these
countries are using commercial/demonstration ir­
radiators to process several food items on a practical
scale.

279. Technology transfer to local industries on food
irradiation is also being carried out in Latin America,
Europe, the Middle East and Africa through co-or­
dinated programmes planned specifically for this pur­
pose.

280. An International Conference on the Acceptance,
Control of and Trade in Irradiated Foods, jointly spon­
sored with FAO, WHO and the ITC-UNCTAD/GATT,
was held in December in Geneva, Switzerland~ The aim
of the Conference was to achieve a consensus on th~

acceptance and control of irradiated foods among Mem­
ber States. The Conference was anended by more than
250 experts designated by some 60 Member States and
14 inter-governmental and non-governmental organiza­
t;nos. An "International Document on Food Irradia­
tion N was adopted by consensus at the Conference. 8 This
adoption indicates that some 60 governments bave
recognized food irradiation as a method of processing
food to reduce food losses and illness caused by certain
food-borne pathogens, and to facilitate wider trade of
food item!;. Specific recommendations related to the
application of food irradiation, control of and trade in
irradiated foods, as well as information dissemination,
are included in the Document.

281. The Agreement establishing the International
Facility for Food Irradiation Technology (IFFIT) was
extended by FAO, the IAEA and the Ministry of
Agriculture and Fisheries of the Netherlands for
another three years, i.e. until 31 December i990, IFFIT
organized two specialized training courses during 1988.

8 A J1tImber of States (18) expressed their views on the documell. stating either endorsemell or reservations. Their statements are contained in
the proceedings of thc Conference.
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LIFE SCIENCES

Nuclear medicine

282. The programme in the RCA countries for the
promotion of bulk reagents for use in radioimmunoas­
says has been able to significantly reduce the cost of the
assays of the thyroid related hormones. It has been
possible to introduce self-sufficiency in this region by
developing a capability for production of these reagents
in several countries. Indigenously produced reagents
have been tested in several reference laboratories and
those which are found to be acceptable are promoted for
use. A data processing programme for quality control
has been prepared and distributed to all the participat­
ing laboratories. Three national courses were sup­
ported (Indonesia, Philippines and Sri Lanka) during
the year.

283. A similar programme which started for the
ARCAL region a year later is also progressing towards
the realization of similar goals. A regional training
course was held on the preparation and use of btJk
reagents for radioimmunoassay (RIA) ofthyroid related
hormones in Chile. National courses were held in Costa
Rica, Guatemala, Paraguay and Peru, and two national
courses in Bolivia. A train-the-trainers course on
radioisotope methodology with srecial emphasis on
radioimmunoassay was held in Argentina.

284. Research co-ordination meetings were held during
the year for the following CRPs:

(a) To establish national profl;rammes and inves­
tigate their impact on the performance of quality
control procedures for nuclear medicine instru­
ments in Asia;

(b) To establish national programmes and inves­
tigate their impact on the performance of quality
control procedures for nuclear medicine instru­
ments in Latin America;

(c) Radioaerosol inhalation for the diagnosis of
respiratory diseases in developing countries; dis­
tribution of radioaerosol generators, designed
and developed locally, has enabled many
countries to do lung imaging routinely;

(d) Promotion of optimum use of bulk reagents for
RIA of thyroid related hormones; a reduction in
the cost of these assays per patient has been
achieved;

(c) Immunodiagnosis of tuberculosis; the
programme will help to make it possible to diag­
nose tubercular meningitis, a significant cause of
morbidity and mortality in children;
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(t) Immunodiagnostic techniques for the quantita­
tive determination of circulatory and urinary
parasite derived antigens in human schis­
tosomiasis; the proposed techniques are helpful
in the specific diagnosis of this infestation;

(g) Nuclear and related techniques for monitoring
malaria vectors; the project aims at studying the
effectiveness of vector control methods.

285. The programme on the use of nuclear techniques
in the diagnosis of communicable diseases has four on­
going CRPs related to malaria, schistosomiasis and
tuberculosis. A new programme on the development of
diagnostic reagents for communicable diseases using
radiation processing techniques was introduced during
this year. A regional seminar on nuclear techniques in
parasitic and communicable diseases for Asia and the
Pacific was held in Bombay.

286. The programme on maintenance of nuclear
medicine instruments was rephased and it is now run in
co-operation with international organizations such as
WHO, UNIDO, IFS (International Foundation for
Science) and ICTP. An RCA project formulation meet­
ing on maintenance of nuclear instruments was held in
Bombay.

287. An interregional training course on nuclear
medicine was held in Moscow and was followed by a
study tour. A regional training course was held on medi­
cal scintigraphy in Havana, Cuba.

288. An International Symposium on Applications of
Dynamic Functional Studies in Nuclear Medicine in
Developing Countries and an International Seminar on
Training in Nuclear Medicine in Developing Countries
were held in Vienna.

289. Technical advice and assistance in the field of
nuclear medicine were provided through 67 research
contracts and agreements and for 116 technical co­
operation projects.

Applied radiation biology and radiotherapy

290. The latest revision of the Agency's guidelines for
the radiation sterilization of medical supplies will be pub­
lished as an IAEA-TECDOC in 1989.

291. At a research co-ordination meeting held in China,
the progress achieved under the RCA programme on
sterility quality control of radiation sterilized biological
tissue allografts for clinical use in Asia and the Pacific
region was reviewed. Radiation sterilized tissues grafts
have been applied in clinical trials for performance
evaluation and process development.



292. A traiDinl oourae for Asilt and the P"r.lfh: region
OD radiatioD sterilization of tisaUf" grafts f..\r ::ate clinicAl
use in health care, held in Taiyn~~'.. CUn", ha' trained
14 participants from Il c1evelor>in~ Mfol1'1ber Statea
(RCA).

293. An intorre8ional .:iemina' on new appro.i:he~ i'1
practices for radh.tion :\lerilization of medical SUprHep.
was beld in C'a~add 'I,h b 16 participants.

294. The final results of two CilPs on the improvement
ofcancer therapy by combining irradiation with chemi­
cal ~reatlDent and hypert~ermi" "fe to be published as
IAEA-TECDOCs.

m. A trainiaa coune on brachytherapy of cancer of
the cervix uteri uaiDI manual after-loadin& with par­
ticular empbasis on guidelines for early dialnosis, was
beld in Cairo, Elypt, under tbe auspices of an
IAP.A/WHfl tecbnical co-operation project.

296. Two consultants meetin81 were beld t(' wist in tbe
radiotherapy programme planninl on mullimodal ap­
proacbes for head and neck tuml}urs, and carcinoma of
the cervix with empbasis on computer aided dosimetf)'.
The second meetinl was an ReA activity.

297. The prolrel8 achieved on the use of nuclear tech­
niques in the fermntation of casaava was reviewed by
invesliptors from 12 Member States a' a research co­
ordination meetanl. Radil'tion-induced microbial
mutanll showin8 increased efficiency for starch
hydrolysis and nutrient protein conversion in casaava
have been isolated and are bein~ tested for pilot scale
fermentation studies.

298. Technical advice waa pro~ided in connection with
6S research contracts and agreements and IS technical
co-operar' Iln projects.

Doslmetry

299. AI the new stlndiDj comm;,tee, the Scientific
Commiuee of the Network of Secondary Standard
DOlimetry Laboratories (SSDLs) reviewed tbe
dosimetry proaramme and noted tbat tbere is an in·
creasinl need fClr .c:e:uraC)' in dose me8lurem~·]t 81 a
result of the introduction of new tberapy techniques.
The Comminee considered that the Agency's
proHramme for improving the coherence and accuracy
ofSSDL refcrence ina~~ lImcntation (CARE) is essential
for tbe eadrc dosimo=try programme.

30Q A workshop/seminar on calibration prc=er:lIr\ls in
SSDLa wu held in !stanhul, Turkey.

3<11. A CRP on the tcsUnj of the code of practice for
ablorbed dolt. delerminatil'D in photon 8nd electroD

beams started aod a research co-ordination meetinl was
held.

302. Another CRP OD the devclopment of qualit)' CO,l­
trol dosimetry tecbniques for particle beam radiatiu:S
proc:c&ling was initiated.

303. A consultants mcetinl OD tb~ revision of lAEA
Technical Reports Series No, 185 ("Calibration of Dose
Meters Uaed in Radiotherapy") was held.

304. T1\f number of radiotherapy centres participating
In the Co poltal dose Interc:omparison service being
conducted by the Agency aad WHO rose to about 340.

305. Tbe performance test of tbe transportable r=fer­
cnce-clw ionization chamber dosimeter s)'llem for use
in radiation therapy waa ~omplc~ed and another system
for the comparison of radiation protection lcvel secon·
dary standard dosimcters W81 devcloped.

306. Routl~e calibration services and two training
periods of two months each were provided by the
Dosimetry Laboratoryat Seibersdorf for Memher States
on request.

307. The International Dose Aaaurance Service
(IDAS) for bigh dose radiation procel8iDg aDd research
iaatitutes continued. Reliability ofd05imetry in the par·
tidpatinl facilities was rec08nized to be greatly im·
proved.

308. Annual dose intercomparison witb ther­
mol"mincac:encc dosimetcrs (TLDs) was pe~'formed for
35 SSDLa.

309. Avideo film on tbe Alency's dosimetry activity was
completed iD English, Spanish and Chinese.

310. Development of a human shaped phantom was
completed for investigation of the complete radiation
therapy procedure. This projramme will be performed
in ~ol1abofltion with WHO.

311. A Technical Reports Series book OD "Guidelines
on Calibration of Neutron Mp.asuring Devicr.s" (No.
28S) and 8n SSDL Newslettea ,0. 27) w~rc published.

312 Assistancc to Member Statcs continued through
28 research contracts and agreements and 41 technical
co-operation project'.

Nutritional and health related environmen­
tal studies

313. Research co-ordination meetings wcre beld to
review propeu in CRP. on nuclear techniques for toxic
\~lements in foodstuffs and nuclear and nuclear related



techniques in the study of environmental pollution as·
sociated with solid wastes.

314. A CRP (so far with 12 participants) on applica­
tions of stable isotope tracers in human nutrition re­
search was initiated.

31S. A technical report on minor and trace elements in
breast milk (a joint WHO/lAEA collaborative study)
was publishedbyWHO. Sixarticles onanalytical quality
controland applicationsofnuclear techniques in human
nutrition research were published in international
scientific journals. Several newsletters and bibliog­
raphies were issued for participants in CRPs.

316. Intercomparisons of enriched stable isotope
reference materials for medical and biological studies

(13 reference materials containing deuterium, carbon­
13, nitrogen-IS or oxygen-18) were started with the
participation of 43 institutes in 21 Member States.

317. An advisory group meeting was held on nuclear
techniques in background air pollution monitoring; the
report is expected to be published in ~989.

318. Assistance to Member States continued through
72 research contracts and agreements in 42 Member
States and 4 technical co-operation projects.

319. Further activities in support of nutritional and
health related environmental studies are described in
the programmes of the Seibersdorf and Monaco
Laboratories.

..
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PHVSICAL AND CHEMICAL
SCIENCES

Nuclear physics

320. With tbe objective of imrroving traiDing in nuclear
ac:icnco.. tbe Agoncy is devcbplo.g several model train­
ina coW'lOIlA nuclear inatrume~uation and electronics,
nuclear spcctrOlCOpy, X·ray fluoresconce analysis and
the application ofpersonal r.omputers to nuclear experi­
ments, These courses are givf.n on an interregional or
rcgionalscale at dlfferenttech~I('.a1 and scientific leveia
and arc frequently adopted by Individual countries for
national educational activities. One ohhe ror,.hs of thia
development has been the production of laboratory
manuals. Typical example of such courses are nuclear
electronics (USA), interfacing in nuclear experiments
(Dominican Republic), gamma spectroscopy
(Tbailand), quantitative X-ray analys!s (USA) and ad­
vanced'aspects of radiation detectors (Argentina).

321. The Apncy has developed campiIter software for
Ipecific: tlla SUCiJ as neutron activalion analylls,
positron annibiiation studlel, reformanins of spectra
and X-ray quar.titative analylls. This il an activity that
benefits all nuc~~~r laboratories. Tbis software is char·
acterized by its user·friendly interfRces and refiects ob­
servations made in laboratorics in developing countries.

Research reactor~

322. In 1988 there were 32~ research reaclors operaling
in 54 Member States, including 71 in 34 developing
countries. Tbe Agency's programme is direcled
lowards: (1) conversion of tbelie research reactors from
lhe use of bigh enriched uranium fuels la low enriched
fuels because of the '''ery limited availability of high
enriched uranium fuels, and (2) enhancing the uliliza·
lion of tilesc reactors to expand lbe ule of research
reactors in analytical techniques, radioisotope produc·
tion for industry, agriculture and medicine and in basic
and applied research. These activities continue to be
implemented through training courses. symposia. semi·
nars and plJblications, Reactor pbysics is empbll5izcd
because it relates to all researcb reactor activities.

Fusion

323. The International Tbermonuclear Experimental
Reactor (ITER) project was inaugurated in 1988. An
ITER Secretariat was establisbed in Vienna to provide
administrative support. Joint design work was carried
out by the four participants (CEC, Japan, USA, USSR)
al tbe Mu pI Dck Institute for Plasma f'nysics in Gar·
ching (Federal Republic of Germany). The Definition
Phase of lhis work was completed in October and the
report will be published by the Agency.
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324. Support for other activities in fUlion waa provided
to both developed and dcvelopln8 Member States.
Meetil'p were orllanizcd to cxcban80 Information and
to investilate model of lncreasinl collaboration be­
,ween tbeso countries. New approaches to assist the
latter with tbeir fusion programmes were investlllated.
Several meotlnSll on selected topics in fusion were or·
.anlzed, including tbe biennial International Con­
ference on Plasma Pbysics and Controlled Nuclcar
Fusion Rescarch. The proceedinss of the Conference,
includlnltbe 1988 Artsimovicb Lecture, have been sub­
milled for publication.

325. Tbe flullNTOR Report was publisbed.

Industrial applications and ch.ml,try

326. Duri!ll 1988 the Agency supported 193 technical
co-operation projects for 48 countries to promote tbe
transfer of nuclear technologies employed in indUlitry,

327. The final research c/l-ordination meeting was held
on radiation mndification of polymers for industrial and
medical use. The CRP included tbe work of seven dif­
ferent groups covering the main trends in radiation
polymer rcsearcb.

328. Aa adviaory group meeting on tbe'assessment of
now trends and developments in radiation cbemistry was
orlaoized. Tile meeting was attended by 32 participants
from 17 countries.

329.. lAEA- TECOOC·4S4 on "Technical and
Economic Comparison of Irradiation ~nd Conventional
Methods" was publisbed. The report covers the main
cornmercially establishcd industrial radiation applica·
tions. Another publication (IAEA-TECD()('·~6) on
"Radiation Technology for Immobililation of Bioactivc
Materials" was issued, This cuntains the final report of
a CRP terminated in 1987,

330. Support was provided ' I) 26 bilateral and one
regional project (RCA) in the field of radiation technol·
ogy and engineering.

331. Support was provided 10 15 biialcral and two
regional projects (ReA, RLA) in lhe field of NOT.

332. An interrcgionallraining course on radiation tech­
nology aad engineering was organil.ed in Budapest,
HI ngary.

333. Support was provirled to the urgllnilation of five
national seminars, seven regional training courses and
onc national training course, all within the scope of the
regional project on industrial applicalions of isotopes
and radiation in tbe South EaSl Asia anu tbe Pacific
rcgion,



334. A regional seminar on induatrhtl radiation applica­
tions was orBanlzed in Qulto, Ecuador, for the region of
Latin America,

335. A workshop on radiation processing of flue gases
wu orBanized In Maddd, Spain, The seminar was part
of activities within tbe scope of an Interreglonal project
on tbe same subject,

336. A first co-ordination meeting reviewed thc
proBrcu of the CRP on nuclear techniques in the study
of pall'utant traftsport with special emphasis on the in­
teraction of solutes with geological media,

337. Tbe manuscript of a guidebook on practical
aspects of operating a neutron activation analysis
lah"".:tory was revised in a consultants meeting, The
book is intended as teaching m8terial for developing
countries,

338. AD advisory group meeting discussed the technical
and ccoaomlcal benefits of nuclear metbod~ in ore
processiDg, It WIlS shown that considerable savings can
be effected. The findings of the meeting will probably
be publilihed as an IAEA-TECOOC.

339. An advisory group meeting discuSlicd new
radioisotope techniques in industry with special em­
phasis OD process control both in steady and non-stcady
states,

340. IAEA-TECDOC-464 on "Current Trends in
Nuclear Barehole Logging Techniques for Elemental
Analysis" was published. The well established techni­
ques and their applications are described and the
development trends dis<:ussed.

341. IAEA-TECOOC-45Q entitlcd "Nuclcar Analytical
TechDiqucs far On-line Elemcntal Ancllysis in Industry"
was published, The results indicated that thc tcchni­
ques are well established, with sevcral hundred installa­
tions worldwide,

341. At I research co-ordination meeting, recent
dcve~pmcnts in the synthe~ is and clinical evaluations of
new Te'" radiopharmaceuticalswere discussed, It was
concluded that, as far as hepatobiliary imaging agents
are concerned, there are already several radiophar­
maceuticals availahle with good characteristics, some of
them developed under the auspi~s of an Agency CRP,
Optimized labelling and quality contml tcchniqucll have
also been reported.

343. A consultants meeting addressed the current
ItatUl of tbe labelling techni4ucs of monuclonal an­
tibodies for radioimmunoscintigraphy. It WIl5 shown
that the current techniques with 1-131 as the label are
well developed, and that there are gond cxpectations
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that routine tecbniques in '19Tcmlabelling will be avail­
able lIoon,

344. A report "Isotopic Neutron Sources for Neutron
ActivatioDAnalysis" was published as IAEA-TEtooC­
46.5, Interesting laboratory experiments are Included as
a demonstration of the utilization of these modest sour­
ces of neutrons for teaching and training.

Isotope hydrolol)'

345. Thc Agency supported 57 technical co-operation
projects In 50 Member States. The fields of co-operation
are: uSlstance in nuclear tecbniques in tbe fields of
water resources aSliCSliment, geothermal resource ex­
ploration, strengthening of analytical capabilities and
the establishment of isotope laboratories, and the ap­
plication oC nuclear techniques to specific hydrological
problems such ali thost related to sediment transport,
h:akage from dams and reservoirs, lake dynamics and
water pollution,

346. Adviaory and pre-project missions were under­
taken to Cuba, Cyprus, Pakistan, the Syrian Arab
Republic, Thailand and Zimbabwe, with the purpose of
reviewing the implementation of the ong' }ing projects in
isotope hydrology and/or auisting in determining tbe
scope and future needs of nationnl programmes, AlIiO,
all Latin American ARCAL countries were vi!litcd in
order to formulate the programmes for the future
ARCAL isotope hydrolugy project.

347. The Agency continues to support research ac­
tivities in institutcs and laboratories in Member Statc!!
aimed at improving the existing nuclear tcchniques and
developing new ones for ust: in solving the complex
problems of hydrolog)'. At prcscntthere arc bS research
contracts and agreements in force in 34 Membcr States,
Included are two CRPs dealing with geolbermal
resource exploration hI Latin America (financed by thc
(h)\'ernment of Italy) and the dating ofold gruundwater,
The latter programme was completcd in 1lJMH.

348. A consultants meeting on the IAEAWMO Net­
work ofhotopt:ll in Precipitation was held. The finding!!
of the mceting will form the basis for modifying thc
existing network,

349. The final res~'arch "'u-ordination meeting un the
dating nf old groundwatcr discuslled the main findings
and rC!lults ohtained during the (,RP,

350. The second rescarch co-ordination meeting under
the programme on the appL:atiun of iMltllPC and
geochemical techniques in gcuthermal explmatiun in
Latin America was held in Quito, ECUld~r. More than
25 geothermal areas have beell explored so far. Thi!!
('RP is expected to terminatc in llJ'JO.



351. The Apncy condnuesto act as the secretariat for
edhinl three reports, namely on arid zones, sediment
transport, and the use of radioactive uacers in
sroundwater investiptions, for the UNESCO·IHP
Workinl Group on Nuclear Techniques in Hydroioi'Y'

352. An adviaory group meetinl on tbe applic~tion of
iaotopo and nuclear techniques to the Itudyofbydrolo8)'
of arid and semi·arid regions was attended by 19 par·
ticipants from 12 Member States. A technical docu·
ment on the subject will be published,

353., A rellf'ual trainlns course on advanced
methodolopes for isotope applications in hydrology was
held in Kuala Lumpur, MalaYllia, The course was at·
tended by 29 participants from 11 Member States,

354. A trahung workshop on isotope hydrology was
orsanized in Lisbon, Portugal, whhin the framework of
a technical co-operation project and has promoted the
local use of isotope techniques.

355. Isotope analyses (oxygen.18, deuterium, tritium,
carbon-14) of water samples were carried out in the
isotope hyc..rololl)' laboratory to assist in various tecbni·
cal co-operation projects and research contracts. Inter·
comparison and reference samples for isotopic
measurements have been distributed.

Nuclear data

356. The Agency continued to provide nuclear and
atomic data services to Member States and to co-or·
dinate the activhles of a worldwide network of data
centres. During 1~88 tbe Agency fulfilled more than
800 requests from .5 Member States for experimental
and evaluated data, data processing computer codes and
publications. The Alonc:y continued to publish the Bul·
letin on Atomic and Molecular Data for Fusion on a
semi·annual buis and the Computer Index of Neutron

Data (CINDA), Representatives of national and
resional nucl~ar and atomic data centres were convened
to improve international co-operation in the compila·
tion, exchange and distribution of nuclear and atomic
data,

357. As part of hs continuing effort to keep abreast of
the nuclear data requirr.ments of nuclear science and
technolosy. the Agency convened expert grl\UPS to
review tbe status of and assoss the requirements for
atomic and molecular data needed in radioth~rllpy Ilnd
in fusion plasma research, and for nuclear dlltll in the
assessment of the influence of target and sltmple proper·
ties on nuclear data measurement. Also I continuing
effort was devoted to the deveiopmeDt of nuclear and
atomic data bases to be used in the desigD of fusion
reactors,

358. ID order to stimulate work on necc:sliary DC:W
nuclear data and to improve the accuracy of existing
data, the Agency convened research co-ordiDation
meetings on the measurement and anlllysis of the cross­
stctions for the emission of neutrODS in 14 MeV neutroD
reactions and of tbe spectra of the emitted neutrons, as
well as on the methods for the calculation of the data
describing the reactions of high energy neutrons with
structural materials iD fission aDd fusion reacton. A
group of consultants reviewed recent developments in
the physics of neutron emission in the fission process,

359. Aworkahopon Ilpplied nuclear theory and nuclear
models used to calculate data to describe nuclear reac·
tiOD mechanisms was held iD co-operation with the In­
ternlltional Centre for Theoretical Physics. As part of
the support for trainiDg in the performance of accurllte
measurements for nuclear appUcatioDs, the Agency con·
dnued an interregional project OD Duclear measurement
techDiques. At Headquarters, four fellows received
trainiDg iD various aspects of bibliographic and numeri·
cal data processing,



THE LABORATORIES

Selbersdorf Laboratories

I. AGRICULTURE LABORATORY

Activities In support of the Joint FAO/IAEA
Blrlcultural prolnmme

Soli fertnlty, IrrlpUon and crop production

360. Selected nitrogen fixing trees having It high
nitrogen fixation ability in combination with suitable
microsymbionlS were identified. Constraints in
nitrogen fixation of selected tree species were inves­
tigated using Isotope tecbuiques. Isotope aided experi­
ments on apecies/cultivar differences with regard to
fertilizer and water use and tolerance to deluteriouli soil
conditions (acidity, salinity, etc.) were carried out.
Nitrogen fixation studies in grain and forage legumes
using nuclear and related metbods continued, the aim
being to improve productivity in tbese crops. Soil water
management studies tbrougb nuclear techniques con­
tinued.

361. Services to CRPs and tecbnical co-operation
projects continued tbrougb analytical assays of about
15000 sampJelt in connection with tbe determination of
nltrogen-1S and otber isotopell and with the dispatcb of
nitrogen-15 labelled fertilizers to researcb contract
holders. Further development work aimed at the im­
provement of routine nitrogen-1S analyses was carried
out.

362. Twenty scientists attended it six-week inter­
regional training course on the use of nuclear tecbni­
ques in soil-plant productivity witb empbasis on root
studies. In addition, 12 fellows and S scientific visitors
received specialized training for a total of S6 months.

363. Support was provided to 12 tecbnical co-operation
projects, and staff members carried out a number of
pre-project Ilssistance and other missions to Member
States.

Plant breedlnll and aenetlcs

364. Research Ilnd devtlopment for crop improvement
were focused on in vitro mUlation breeding technology
with emphas;.& on tropical crops such as plantain,
banana, caliliava, yam, ginger and cocoa. Mutant plants
obtained in the Laboratories are presently under evalua·
tion in tbe field in Member States in tropical conditions.
Cell manipulation and in vitro planl regeneration tech­
niques were developed witb tbe objective to use tb~m in
combination with nuclear techniques for the mutation
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breeding of vegetatively propagated crops. Radiation
induced genetic variatioDl were studied in the AIOII,,·An""",,.,, symbiotic system for selection of variants
tolerant to herbicides, bigh salinity and toxic aluminium
levels.

365. Twenty scientists and plant breeders from
developing Member States participated in an inter­
regional training course on mutation breeding and 7
fellows received training for a total of 39.S months. In
addition, 9 senior scientists visited tbe Plant Breeding
Unit as scientific visitors.

366. About 800 sted samples and several tissue cultures
were irradiated as a servicc to plant breeding institutes
in Member States.

ADlmal producllon and health

367. In order to support scicntists in developing
countries with disease diagnosis and to complement
existing facilities, a laboratory WIlS established for the
production of monoclonal antibodies in support of RIA
and ELlSA kits.

368. Work continued on tbe characterization of Ilaro­
industrial hy-products and other non-conventional feed
resourccs using tbe rumen simulation technique and on
the formulation of balanced ruminant diets designed to
optimize the use of locally available feed resources.

369. ELISA pllltes for assessing600000 samples for the
diagnosis and tbe epidemiological study of several vin~
bacterial and parasitic infections and over 2500 radio·
immunoassay kits (equivalent to 2S0 000 assay units)
were suppUed to technical co-operation and research
contract counterparts. Tbe development of an ELlSA
kit for measuring the reproductive hormone
progcsterone was initiated.

370. Staff members instructed in four regional training
courses and four fellows received training eitber in
animal nutrition work or in the use of radioimmunoassay
techniques.

Insect and pest control

371. Colonies of six species of tsetse flies were main·
tained to provide material for research at the Agency's
Laboratories and co-operating institutes in Europe and
Africa. Research was conducted to improve: the
dietetics and cage design for rear iog. Crosses of netse
fly subspecies were made to sludy the production and
characteristia. of hybrid progeny. Techniques were
developed to colour-mark adults for release in field



studies. The effects of various ambient conditions on
puparia packaged for shipment were determined.

372. A DeW mutant pupal dimorphic strain of Mediter­
ranean fruit fly was developed for genetic seling. This
strain was adapted to mass rearing techniques and after
many gcneratioDs has shown very little recombination.
Cytogenetic analyscs were made to cbaracterize and
compare the cbromosomal cbaracters of the mutant and
normal wild type strains. Morphological characters
were found which can be used to distinguish immature
medflies tbat have beeD exposed to doses of radiation
used for tbe disiafestat;:ln of fruit.

373. Four fellowsbip holders and eight scientific
visitors were received in tbe Entomology Unit.

Alrochemlcals and residues

374, Research was conc ucted to develop controlled
release insecticide formulations for tsetse fly control.
Several UV absorber compounds were tested in order to
stabilize deltametbrin iDsecticide on cotton fabric target
screens for tsetse. Among the tested compounds, 2,4­
dibydroxy-benzopbenone provided the best protection
to deltametbrin against UV radiation. Several
vegetable oils were also tested for prevention of leaching
of insecticides with water. CorD oil provided better
protection tban the otber oils tested. Initial tests have
indicated that other pyretbroid insecticides can also be
stabilized against environmental degradation by using
UV absorber compounds and oila. Support was
provided to co-ordinated research and technical co­
operation projects. This support included supply of
radiolabelled pesticides and formUlations and visits to
Member States for on-she training of local staffby scien­
tiats of tbe Agency's laboratories.

11. PHYSICS-CHEMISTRY·INSTRUMEN·
TATION (PCI) LABORATORY

Activities in support of the Life Sciences
prolramme

(a) Em'ironment Q/Id nutrilion

375, The programme on Fallout Radioactivity
Monitoring in Environment and Food (MEF) was addi­
tionally supported by the effort of two cost-free experts
from Clnada and tbe United States. A consultants
meeting was held iD September, where it was strongly
recommended tbat a CRP on rapid instrumental and
separation methods for monitoring radionuclides in
food and environmental samples be establis~ed. A four­
week iDterregionallrainin~ course on the determination
of radioDuclides in food and environmental samples was
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organized iD co-operation with the Fed"ral Republic of
Germany at tbe Nuclear Rejearcb CeDtre in Karlsruhe.
Atwo-week rcgional workshop OD gamma spectrumetry
was organized ia JUDe iD Ljubljaaa, Yugoslavia, and a
one-week national workshop was organized in Decem­
ber iD Istanbul, Turkey.

376. Tbe low level actinide laboratory was completed.
~ rapi~uparfl.~ol1~etbod ~~re-d~y) for the determi~a­
lion of Pu," Pu and Am ID sludges from active
waste incineration facilities was developed. A rapid Pu
analysis procedure for grass samples was tested.

377. A rapid radiochemical method (one-day) for IJOSr
analysis in grass samples and other biological materials
was elaborated. AGuidebook on tbe "Determination of
Radionuclides in Food and the Environment" has been
prepared for publication in tbe Technical Reports
Series.

378. During 1988, 41 different environmental and food
samples were analysed for various Member States. Ad­
vice and assistance were provided to 1.5 Member States
under technical co-operation programmes with the aim
of establilihing or improving national capahilities for
analysis of radioactivity in food and environlDcntul
samples.

379. BOi4 analytical and technical support were given
to two CRPs in co-operation with the Division of Life
Sciences. A total of 173 freeze dried total diet sumpies
were homogenized and aliquoted under clean condi­
tions and 1730 suhsamples shipped to participating
laboratories. In addition, six inl~rcomparison runs and
numewus analyticalsc:rvices were performed to support
Ihe AQCS programme and 10 meel the needs ,)I' other
Sections and Member Stales. This resulted in aboul
4000 determinations of various trace elements in ap­
proximately 1150 different samples using the various
analytical methods available, e.g. NAA, ICP, AAS,
f1uorimctry, liquid scintillation counting and
pbotometry.

380, A Dew technique for homogenizing lar ~,.; amuunts
of freeze dried dict :amples al roum tc(npcraturc, using
ablcnder equipped with titanium knives, was developed
for environmental and biological matcrials. This
resulted in a dccrease of the sample prucess time frum
2 hours to 5 minutes. Digestion bomb and "llicrowave
technique" fur destruction of samplcs were also
claborated.

381. Tbe analytical c!lpahilitics of thc IlAboratory were
furtber extendcd through studic!\ on the use of lascr
fluorimctry for the determination of U in biological
"amples. A radiochcmical procedure for tbe dctcrmina­
tion nf selcnium in biologicai matcrials and diets was
also developed. Using MS, the detection lirit uf thc
toxic eh:mcnts Ph and Cd Wll5 improved to 10"1 g. U!!ing



preconcentration and matrix separation techniques, the
recommended Pb value for the total diet reference
mlterial H-9 was updatod. The reliability of the deter­
mination of Al in diets with special reference to the
interferins elements, e.s. Ca, MS, Fe, by using ICP was
improved.

311. Grua, mat and soil samples from 14 lociuions in
European and Mediterranean countries were collected,
processed and sent to laboratories of ten Member States
for analysea of flllout radioactivity. Results from seven
llboratories were returned, compih:d and sent back for
review. More samples of 81'ass, mat and soil were
received for preparation and distribution in the cODtinu­
ing Grass Ecosystem Project.

(b) Rua;atiml aos/m.my

383. The routine quality control programme, which
representli a prerequisite fur providing adequllu: ser­
vices to the SSDLs of the Network, WllS regularly imph:­
mented.

384. The dosimetry lahoratoryorganilcd and lo:valuatcd
the fourth postal dose intcrcomparison with TLDs for
SSDLs of the IAEAlWHO Network. Participatiun in­
creased by about 50%, i.e. frum 23 to 35 SSDLll. The
results demonstrated high performance levels. BIPM
participated with reference irradiations. Seven
Canadian radiotherapy centres were included in the
intercomparison.

385. The dosimetry laboratory continued to provid~

postal dOlie intercomparison services for radiotherapy
hospitals in co-operation with WHO. Upon request
from WHO, 34P TLD kits were prepared and dis­
patched for use in 340 hospilals. Preparative measure­
ments were also iniliated to extend thc estahlished
postal dose intercomparison servicl: for hl'spitals from
coball-60 to high ener&)' photons and electrons and to
provide experimental supporttothe CR Pon testing the
Agency's inlt: 'national code of practice for absorbed
dose determinatiun in photon and electtun heams.

386. The programme for improving cuhcrl:ncc and ac­
curaty of SSDL rcfl:rence instruml:ntation (CARE
programme) went into routine operatiun. After sue­
cessiul completion of extensive tcsts uf the CARE
programme dosimLoters (two sctCi of twu ionilation
chambers/electrometers) by (kFZS (Aus\ria), OMH
(Hungary), NHS (USA) and the Age!1cy'~ Lahoratory,
seven SSDLs participated in the CARE programme.
One additional dOliimeter set wus calihratcd hy PTB
(Federal Repuhlic of Germany).
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387. Calibration irradiations wc;re performed con­
tinuously for the Agency's radiation protection services
and upon request from Member States. Five reference
class dosimc:tera were calibrated and dispatched. They
will serve as secondary standard dosimeters in the
SSDLI of Chile, Iran, Pakistan a,d the Syrian Arab
Republic. Upon request from Zimbabwe, an ionization
chamber dosimeter was calibrated for use in a
radiotherapy department. A loft X.ray chamber was
calibrated by BIPM to extend the laboratory'lI range of
secondary standardization to low energy X-rays.

381. Expert support was provided for tecbnical co­
operation project ALG/l/005. Preparalive measure­
ments for and participat ion in the regional
workshop/seminar on calibration procedures in SSDLs
in Istanbul, Turkey, occupied six person-weeks, Ten
scientific visits requested by TCAC, each lasting be·
tween three and five working days, took place a! the
Unit's laboratory.

389. During two training periods of two months each, a
total or eleven months of training was provided to six
fellows.

A(:UvUies in support of the Physical and
Chemical Sciences programme

(a) ChemisU)' ,ma Clllalytical quality conl7'ol

390. Four intercomparisons were completed. Six inter­
comparisons, induding thollc involving radioactivity
measuremcnh, arc sdll ru.:ning. Laboratories in about
50 countric!I took part in thesl: exercises. At present 4S
refcrence materials are availahle. Th&: laboratory c.li~­

patched m&1terials to rellpund to 750 ind~vidual order!l
from differcnt Member Statcs. Approximately ~o in­
quiric!l ahout the programme were received. About 700
individual trace clement and radionuclidc determina­
tionswere performed fur homogeneity testing and char­
aClcri/.ation of intercomparison llamplcs. Onc material
was colll:cted. 23 arc heing procelisL~d and 17 arc present­
ly OD stock.

391. The catalogue uf the AQCS programme fur l,)~

waa distrib\ltcd and the new one for lQHQ was prcpar&:d.
An in-house meeting for planning the lQHQ programmc
was organized.

392. The mailing Iillt of A(}CS wall updated and at
present contains about ~OOO addrcllses from 139 dif­
fereDt count rics.

393. Two IdlowlI reL'civcd a Illtalllf 14 month., llf train­
ing in (he use of various analytical methuds hascd on
radinch~mical proccdun:s and radioactivity measure·
ments.



(b) Hyd1o/~

3M. ApprOlimately 2500 water samples were analysed
for oxygen-18,1400 for deuterium, 1300 for tri,~um, 150
for c:arbon-14 and 380 for carbon-13 conttnt in support
of tecbnical co-operation projects and ia order to obtaia
data for tbe Slobal prccipihuion monitori.. network.
Chemical analyses were performed on 210 samples,

395. Tbe construction of an automated maIlS
spcctromcter for OIYsen-18 measurements was com­
pleted and tbe equipment was put ioto routine opera­
tion.

(e) InSlfUmentQlicJtl

396. A stack monitoring system witb an automatic data
recording and eva~~ation system for on-line measure­
ment of radioactivity in particulates, iodine and noble
gl5Cs released from a research reactor was dosigned and
coutructed for project GRE/4/008.

397. Computer based 8 cbannel fly mills witb special
electronics, nect~"d for evaluatins tbe kinetic energy of
insects, were developed for researcb activities in tbe
Entomology Unit.

398. An X-ray nuorcaccacc la"oratory for the provision
of training and analytical services and to back up
relevant tecbnical co-operation projects iD Member
Statea wu installed,

399. About 50 nuclear measuring instruments of dif­
ferent types uccived from Member States and from
various Units of tbe Agency's Laboratories were
repaired and serviced.

400. More tban 1800 scientific instruments were
properly recorded in a new inventory system witb tbe
objective to aasis' in instrumentation maintenance and
serAce. Two bundred and eleven items were selected as
key instruments for future implementation of preven­
tive maintenance.

401. A constant vohage transformer with a built-in
drop-out relay wu evaluated. Recommendations were
given to the ~anufacturer for introducing iq- ,>rove­
ments wbicb would meet the operational conditions of
rfevelopinS countries. Tbe softWAre "Book Mark" was
also evaluated witb tbe aim of replacins an expensive
uninterrupted power supply, and is now recommended
to Tecbnical nfficers,

402. A comruter p" .3ram for tbe accountability of fIS­
sile materials (FI~~S) was impJemeoted, The pro­
sram is now used in tbe bookkeeping of incoming,

outgoing and stored radioactive materials at the
Ascocy's Laboratories at Seiberadorf.

403. Two programs for expandins the penonal com­
puter local area network. UTI-NET, were developed.
More peripherals were connected to the laboratory net­
work,

404. The first group fellowship trainins in nucl~ar

spectroscopy instrumentation mainte nance was at­
tended by four senior technicians and engineers from
developing countries. The second group fellowship
training for Iiix participants was pn:pllred and started
during 1995,

405. Twelve fellows received a total of ~ months of
on-tbe-job training in nuclear electronics and in servic­
ing nuclear ins!rumentation,

406. Expert support wall provided to technical co­
operation projects and training courses. Several of staff
members of the Unit carried out tecbnical missions le
the Dominican Republic, 0, eece, Guatemala, I' aly, Jor­
dan and Niger for a total of 87 person-,jays,

Ill. SAFEGUARDS ANALYTICAL
LABORATORY (SAL)

Activities In support or the Sareauards
proar·mme

407. From tbe 1st of January to the 9tb of December
1988, SAL received 733 samples of uranium (603 in
1987).261 samples of plutonium or mixtu.'es of uranium
and plutonium (265 in 1987), and 186 samples ofspent
fuel solution (306 in 1987), Seventy-three of tbe 186
speot fuel solution samples were analysed at
laboratories belonging to the Agency's Netwl'rk of
Analytical Laboratories (NWAL). Nine samples of
heavy water were analysed by 11 IJboratory belonging to
tbe network,

408. The median total time needed in 1988 to conclude
verification by off· lite destructive analysis was reduced
by 21%, 9% and 14% for uranium, plutonium product
and spent fuel solution samples respectively, compared
tu 1987.

"-IlQ. SAL and NWAL analysed 25 uranium oxide pellcts
for d.!; characterization ofworkinR standards for on-site
non-destructive assay. In addition, in tbe course of test­
ins or improving procedures and in tbe certification ul
working reference and quality control materials fur off·
site destructive analysis~ 1640 measurements wen: pcr·
formed by SAL aud NWAL.

410. In collaboration with the Safeguards Divisions 0

Operation (-SOO), tbe procedures for collecting an,



conditioninl of samples in several safeguarded facilities
were defined and established. In tbis framework train­
inl courses for new and experienced safelluards inspec­
tors were orBanized.

411. In collaboration witb the SOO and with the belp of
Ilupport proBrammes of Member States, SAL rested a
quadrupole thermal ionilation mass spectrometer,
studied tbe application of X-ray fluorescence for poten­
tial use la on-she destructive analyses and participated
in the qualification of the hybrid K-edge instrument. A
similar instrument was ordered. Tbis will be installed at
SAL to provide in-house capability for trainlns and
technicalaupport.

412. More selective or efficient techniques, namely .
McDonald and Savag, electrochernical titration and
high resolution gamma spectrometry (HRGS), w~re

adapted to tbe analyses of 3 mg plutonium samples and
put into routine use. Applications of robots for the
chemical treatment ofspent fuel and plutonium samples
have been studied. These robots will be installed and
tested ia 1989 with the aim of halving the time nl'.eded
to prepare the samples, reducing the level of radiation
exposure of the operators and to improve the quality of
the measurements.

413. A Dew software package for quality conlrol was
developed and implemented in conjunction w.ith sup­
port programmes. New hardware whkh will allow an
expansion of the SAL infClillllltion sys!em (LIS) and
improvement of the quality control progrQmme was or­
dered.

International Laboratory of Marh.e
Radioact;\'lty

414. During the year tbe Laboratory continued its on­
going quality ,:ontrol programme by conducting two
worldwi':e intercalibration exercises for concentrarions
of man-made and natural radionuclides in natural
samples. More than 40 laboratories participated in tbe
analysis of a fish nesh reference stllndard and a marine
sediment. New intercomparison samples that are now
in different stages of preparation and that will he aVIlII­
able for distribution during 1989 include: a Baltic Sea
marine sediment sample collected afler the Chcrnl..~yl
accident; a sea plant (Posidonia oceanica) and seaweed
collected in late 19H6 from tbe local environment al
Monaco; and a recent tuna sample from Ihe Mediter­
ranean.

415. As part of (he ongoing projecl on comparalive
behaviour of radionuclides in the oceans, the Laboratory
participated in a sll!11pling cruise to the Black Sea from
21 June to ~July 1988. Scientists from Canada, Francc,
the Federal Republic ofGermany, Netherlands, Turkey
and the United States cnJlaboratc.:d on different legs of
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the cruise. Water samples for plutonium oxidation state
measurements were collected ond processed on board.
Addhional water samples were collected for tcchnetium
analysis in collaboration with th~ Cekmece Nuclcar Re­
search and Training Centre, Istanbul, Turkey.

416. The first publication concerned with the inven­
tories of selected rartionuclides in the oceans went to
press in late 1988. Included in the first report afi tbe
~~bal oc~,gic inventories up to 1985 of 14C, 7Cs,

Pb-Po, Ra and Pu isotopes. Additional reportJ in
this series wlll include global ocean inventories of H,
60Co, 99Tc, 129Np, 241Am, and Ions lived isotopes of U,
Tb, Pa and Ac. Data on these inventories Ilre being
assembled to prepare an assessment for UNSCEAR in
late 19R9 or early 1990 for man-made and natural
radioac:tivities in tbe neeans.

417. During the year a CRP OD sources of radioactivity
in tbe marine environment and tbeir relative contribu­
tion.i to overall dose assessment from marine radioac­
tivity was initiated. Participation of institutions from
Australia, Canada, Denmark, tbe Federal Republic of
Germany, India, Italy, Philippines, Portugal, Thailand,
the United Kingdom and the United States has been
approved, with addilional contributions expected in
1999.

418. The effects oforganism size and diet on uptake and
loss rates of radioactivity were studied with edible mus­
sels exposed in the laboratory to a suite of artificial
radionuclides. These studies are important for refining
estimates of radiunuclide concentration factors ob­
tained through environmental monitoring programmes
of Member States. It was found that diet does not
significantly affect radionuclide biokinetics in these or­
ganisms but that size or age is the more important
predictor ofthe uptake in terms of ,"Jncentration factors
as well as subsequent excretion of radionuclides. Given
proper controls and facilities, it has been demonstrated
that lahoratory experiments can adequately simulate the
natural en\'ironmenl for obtaining this type of informa-
tion. .'

419. A seasonal study of the vertical lran!iport of
plutonium and americium was carried out in the central
north Pacific Ocean. Preliminary measurcmt:nts indi­
cllte that thc downward nux of transuranic radionuclides
is greatest during Ihe periods when biological prod~,

tiun in the O\'erlying surface waters is relatively high.
These findings suggest tht in cOBstal areas whl:re oceanic
biological productivity is generally the highest and ar­
tificial particle-reactive radionuclidcs arc ofcen intro­
duced, the rcmoval rate of these radionuclidcs from the
surface layers will be the grealest.

420. To make realistic assessments of (he plls!iihle im­
pact of artificially introduced radiunuclidc!\ in the
marine environment, a good underManding of nalural



radioactivity is important. Studies on Po-21O, the most
highly accumulated natural alpha emitter by marine
organisms and its grandparent Pb-210, a natural
fall- out radionuclide, have therefore continued. The
Po-210/Pb-210 pair which associate with organic matter
are good 'natural tracers' of food chain transfer and
other biologically mediated transport processes. These
studies are carried out by using a simple, rapid and
reliable technique which is highly sensitive and neces-

, sitates only small amounts ofsample material.

421. The Marine Environmental Studies Laboratory
(MESL) continued to consolidate its activities in the
development of new methodologies and the provision of
comprehensive technical support for regional and
global marine pollution assessments in co-operation
with other United Nations agencies. The work has in­
cluded the production of 20 new reference methods, the
training of 15 personnel from 7 Member States 'in tech­
niques for measuring marine pollutants, and the or­
ganization of two worldwide and three regional
intercalibration exercises for trace metals and
halogenated and petroleum hydrocarbons. In addition
to this programme, MESL staff attended 13 consult­
ation meetings and workshops in 11 Member States,
The MESL service engineer visited laboratories in 15
Member States in the Mediterranean and West and
'Central Africa. The1..aboratory also continued its invol­
vement in regional activities in providing assess!Dent to
marine pollution monitoring programmes in these .f

regions as well as the Gulf region, Southern Asia, Soutb
America and the Caribbean. .

422., Tbe work of MESL in the Mediterranean region
paid particular .mention to quality assurance (QA) and
training. MESL staff conducted five missions to Mem­
ber States in Inorth Africa in order to provide training
and technical assi!.tance for tbe implementation of QA
programmes. A training cruise was also conducted
using a research vessel prqvided by tbe Government of
Morocco. MESL staff organized five specialist meet­
ings in Monaco to analyse the results of Member States
monitoring efforts and to initiate pilot monitoring
studies of 'new' contaminants, notably organotin, or­
ganophosphorc.us and organobalogen compounds.

423. During the course of 1988, MESL staff developed
a new co-operative programme in collaborationwitb the
FAO/lAEA Joint Division, the CEC and tbe Govern­
ment of Mexico in order tQ apply nuclear techniques to
tbe study of tbe transport and fate of agrochemical
residues in the: tropical' coastal lagoon environment.
This work will commence in 1989.

. 424. The Laboratory continued to give advice on tech­
nical aspects of radionuclides and other contaminants in
[he marine environment through participation in both
tbe annual Task Group and Executive Group Meeting
of CRESP (OECD/NEA Co-ordinated Research and
Environmental Surveillance Programmes), and in the
United Nations GESAMP Working Group on the State
of the Marine Environment.
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INTERNATIONAL CENTRE FOR
THEORETICAL PHYSICS

425. The main fields of research and training-for-re­
search at the Centre in 1988 were:

(a) Fundamental physics (high energy and particle
physics, cosmology and astrophysics);

(b) Cond.;nsed matter, atomic and molecular physics
(condensed matter and related atomic and
molecular physics, materials science, surface and
interfaces);

(c) Mathematics (applicable mathematics, analysis,
systems analysis);

(d) Physics and energy (nuclear physics);

(e) Physics and the.environment (geophysics,
climatology and meteorology, physics of oceans);

(f) Physics of the living state (biophysics,
neurophysics. medical physics);

(g) Applied physics and high technology
(microprocessors, communications, lasers, com­
putational physics); and

(h) Physics and devdopment.

426. Some 4100 scicnlists lOok pan in the activities of
the Centre and in the Programme for Training at Ilal:an
Laboratories, staying for a total of almost 4600 person­
months; 540/(. of them were from developing countries,
accounting for 81 % of the total person-months. One
hundred and seventy three of them w~- .:lssociated
members from developing countries and 514 of them
were researchers from federated institutes in develop­
ing countries.

Fundamental physics

427. Research in high energy physics was carried out
throughout the year with the panicipation l1f 94
physicists from developing countries out of a IOtal of
165. A two-week school and workshop on superstrings
held in April was attended by 70 physicists from develop­
ing countries. out of a total of 235. Twenty-three
physicists from developing countries, out (If a total of 64.
took pan in the two-week School on !'ion-Accelerator
Physics, while the f>ix-week Sch~l(ll in High Energy
Physics and Cosmology, including a one-week Con­
ference on Phenomenology in High Energy Physics, was
attended by U5 physicists from developing countries
out of a IOtal of 195.

SI

Condensed matter, atomic and molecular
physics

428. Research was conducted throughout the year with
the participation of 63 scientisls from developing
countries out of a total of 89. In April-May, an ex­
perimental workshop on high temperat ure supercon­
ductors was held in the newly inst dlled training
laboratory. A six-week mini-workshop on mechanisms
for high temperature superconductivity followed. Al­
together, 121 physicists from developing countries took
part in these two activities, out of a total of 209.

429. The Spring College on the Interaction of AlOms
and Molecules with Solid Surfaces lasted for seven
weeks. It was attended by 90 scientists from developing
nations, out of a total of 138. It was followed by th.:
three-month Research Workshop in Condensed Matter,
Atomic and Molecular Physics during the summer
months. Two hundred and forty-one physicists from
developing countries, out of a total of 304, lOok part in
it. In August, the Condensed Matter Group in col­
laboration with the International Union of Pure and
Applied Physics organized the 5th Trieste Semiconduc­
tor Symposium entitled "Fourrh International Con­
ference on Superlattkes, Microstruct ures and
Microdevices". Two shorter meetings, the Working
Parry on Electron Transport in Small Syskms (two
weeks) and the mini-symposium on Nonlinear Systems
(onc week) brought together 70 exp.:r1S, of whom 13
came from developing countries.

Mathematics

430.. Research in mathematics was carried out
throughout the year with the participation of 64 scien­
tists from developing countries out of a total of 73. The
College on Variational Problems in Analysis which was
held in January· February, with a duration of one month,
was attended by 176 mathematicians, of whom 77 were
from developing countries. A two-week workshop on
functional-analytical methods in complex analysis and
applications to partial differential equations followed
the college. A summer school on dynamical systems
followed by a workshop on the same topic assembled 259
mathematicians. of whom 167 came from developing
countries, for about 10 weeks. During the October­
December period. 189 mathematicians from devdoping
countries out of 2H7 participants took part in the First
Autumn Workshop llD Mathematical Ecology (3 weds)
and in the College on Global Geometric Topolngical
Methods in Analysis (1 month).

Physics and energy

431. A workshop on nuclear theory and nuclear model
calculations for nuclear technology applications held in
collaboration with the Nuclear Data Section of the



lAEA, brought together for 5 weeks 65 scientists from
developing countries out of a total of 90.

Physics and environment

432. A two-week workshop on modelling of the atmos­
pheric flow field, followed by a three-week course on
physical climatology and meteorology for environmen­
tal applications, was held in May-June. Ninety scientists
from developing countries out of a total of 182 took part
in them.

433. From October to December, the Centre held a
one-month course on ocean waves and tides and a three­
week workshop on global geophysical informatics with
applications to research in earthquake predictions and
reduction of seismic risk; this welcomed 132 scientists
from developing countries out of a total of 211.

Physics of the living state

434. The Fourth Summer College in Biophysics
devoted to electron transfer in biological systems, the
College on Medical Physics and the College on
Neurophysics, all lasting for about one month, brought
together 202 scientists from developing countries out of
a total of 294.

Applied physics and high technology

435. The Second School on Advanced Techniques of
Computing in Physics (4 weeks), the Winter Collt" .;£: on
Laser Physics: Semiconductor Lasers and Int '6rated
Optics (4 weeks), the Second Workshop on Optical Fibre
Communications (2 weeks) and the International Confer­
ence on the Impact of Digital Microelectronics and
Microprocessors on Particle Physics (3 days) were held in
January-March. They saw the participation of 241 scien­
tists from developing countries out of a total of 481.

436. The Microprocessor Laboratory welcomed 12
scientists from developing countries out of a total of 13.

Adriatico Research Conferences

437. In 1988, the series of Adriatico Research Confer­
ences included short meetings on: spin and polarization
dynamics in nuclear and particle physics; unoccupied
electronic states; computer simulation techniques for the
study of microscopic phenomena; towards the theoretical
understanding of high Te superconductors; the applica­
tion of lasers in surface science; and coherent sources for
frontier spectroscopy. Seventy-six physicists from
developing countries, out of a total of 426, took part in
them.
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Physics and development

438. As in the past, a number of the experts and leading
scientists taking part in the activities at the Centre lec­
tured on physics and its relevance to development; thir­
ty-two lectures were given in 1988.

Training at Italian laboratories

439. Ninety-six grants were awarded to scientists from
developing countries for training at Italian academic
and inaustrial laboratories under a programme which
started in 1982 with the financial support of the Govern­
ment of Italy.

External activities

440. In the field of training for physics and mathematics
teachers, the Centre sponsored 104 courses, workshops
and symposia in 41 countries. In addition, the Centre
sponsored 14 scholarships for scientists wishing to work
at 13 research institutions in developing countries; this
programme was financed by the Government of Italy.

Meetings hosted by the Centre

441. The Centre hosted seven meetings organized by
the Third World Academy of Sciences (3, of which 1 in
co-sponsorship with t he Canadian International
Development Agency), the Astronomical Observatory
of Trieste (1), the International Centre for Genetic
Engineering and Biotechnolo~ (1), a group of Black
American Physicists (1) and the ICTP Office of External
Activities (1).

Books and equipment donatian programme

442. Under this Programme the ICTP distributed
13 200 journals, 3400 books, 4250 proceedings, 1500
newsletters and sciemific journals of general interest
and 4350 booklets in various languages among more
than 500 institutions in nearly 100 developing countries.

443. Within the framework of this programme, about 50
items of scientific equipment have also been distributed
among 5 universities in developing coumries.

Awards

444. The 1988 Prize of the International Centre for
Theoretical Physics - named this time after the late
Werner Hcisenberg, Nobel Laureate for Physics 1932,
was awarded to Dr. J.N. Onuchle from the University of
Sao Paulo, Brazil, in recognition of his contributions to
biophysic~.



445. The 1988 Dirac Medals ofthe ICTP were awarded
to Professors Efim Samollovich Fradkin (Lebedev
Physical Institute, Moscow, USSR) for his many fruitful
contributions to the development of quantum field
theory and statistics, and David Gross (Princeton
University, Princeton, New Jersey, USA) for his fun­
damental contributions to the understanding of nuclear
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forces at short distances and to the theory of super­
strings.

Preprints and internal reports

446. In 1988, 428 preprints and internal reports were
issued.

Best Copy Available



SAFEGUARDS

Safeguards statement for 1988

447. In 1988, as in previous years, the Secretariat, in car­
rying out the safeguards obligations of the Agency, did
not detect any event which would indicate the diversion of
a significant amount of safeguarded nuclear material ­
or the misuse of facilities, equipment or non-nuclear
material subject to safeguards - for the manufacture of
any nuclear weapon, or for any other military purpose, or
for the manufacture ofany other nuclear explosive device,
or for purposes unknown. 9 It is considered reasonable to
conclude that the nuclear material under Agency
safeguards in 1988 remained in peaceful nuclear activities
or was otherwise adequately accounted for. This state­
ment is based on the latest information available to the
Agency. including information derived from safeguards
activities conducted in the field and at Headquarters and
information provided in reports submitted by States.

Safeguards coverage

448. As of31 December 1988 there were 168 safeguards
agreements in force with 99 States, compared to 166
agreements with 97 States at the end of 1987, a
safeguards agreement with !':igeria pursuant [0 the
Treaty on the Non-Proliferation of Nuclear Weapons
(NPT) having entered into force in February and
unilateral submission agreements with Albania and
India having entered into force in March and September
respectively. A unilateral submission agreement with
Spain ceased to be in force in June under the terms of
the agreement.

449. A safeguards agreement pursuant to the voluntary
offer by China to place some of its civilian nuclear
facilities under Agency safeguards was concluded. Also
agreements were concluded with Panama pursuant to
NPT and the Treaty for the Prohibition of Nuclear
Weapons in Latin America (Tlatelolco Treaty), with St.
Lucia pursuant to NPT, and with the United Slates of
America pursuant to Additional Protocol I of the
Tlatelolco Treatyl?

450. Safeguards were being applied in 41 States under
agreements pursuant to NPT or [0 NPT and [he
Tlatelolco Treaty, in one State pursuant to the Tlatelol­
co Treaty and in eleven Stales under agreements pur­
suant to INFCIRC/66/Rev. 2. 11

451. In [he Slates that have concluded INFCIRCI53­
type agreements with the Agency, safeguards were ap­
plied to all peaceful nuclear activities. In some of the
eleven States where safeguards were being applied pur­
suant to INFCIRC/66/Rev.2-type agreements, un­
safeguarded facilities were known to be in operation or
under construction. All nuclear-weapon States have
unsafeguarded nuclear fuel cycles.

452. Voluntary-offer agreements were in force with
four nuclear-weapon States. In accordance with these
agreements, certain facilities were designated by the
Agency for inspection and were inspected.··· In one of
these States, safeguards were also appli.ed a[ some
facilities under INFCIRCi66/Rev.2-type agreements.

453. On 31 December 1988, there were 511 nuclear
facilities under safeguards or containing safeguarded
nuclear material (505 in 1987), eight of which were in
nuclear-weapon States (nine in 1987); there were also
407 locations outside facilit ies containing small amounts
of safeguarded material (406 in 1987) and two
safeguarded non-nuclear installations (two in 1987). In
total, therefore, there were 920 installations in 57 States
under safeguards or containing safeguarded material
(913 installations in 57 States in 1987).

454. At the end of 1988, the nuclear material under
Agency safeguards amounted to

10.9 [ (8.8 [ in 1987) of separated plutonium outside
reactor cores;

0.5 [ (0.6 t) of recycled plutonium in fuel elements in
reactor cores;

254A t (224.2 t) of plutonium contained in irradiated
fuel;

13.1t (12.2 t) of high-enriched uranium (HEU);

31704 t (29252 t) oflow-enriched uranium (LEU); and

54514 t (50867 t) of source material.

The greater part of this material was in [hose Stales
where safeguards were being applied pursuant to
INFCIRC/153-type agreements.

455. Safeguards were also being applied to facilities,
equipment and non-nuclear material, including 1454 t
(1457 t) of heavy water, under INFCIRc/66/Rev.2-type
agreements.

9 In the case ofvolulllary-offer agreemellls with nuclear-weapon States. nuclear material to which safeguards were being applied was not withdrawn
frOll! safeguards except in confonnity with these agreemems.

10 The agrcement with the Coited Statcs of America entered Into forcc in l\priI1989.

11 The Agcncy aJso appllcs safeguards to nuC'iear facilities in Taiwan. China.
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Status of safeguards agreements pursuant
to treaty obligations

456. As of 31 December 1988, safeguards agreements
were in force wilh 80 States pursuanlto NPT. Fifty-two
non-nuclear-weapon States party to NPT had not yet
concluded a safeguards agreement in accordance with
Article IlIA of the Treaty. However, with the exception
of three States, none of these States has, as far as the
Agency is aware, significant nuclear activities.
Safeguards were being applied in these three States
pursuant to other agreements.

457. Eighteen of the twenty-three Latin American
States party to the TlateloIco Treaty have concluded
agreements with the Agency pursuant to the Tlatelolco
Treaty, as have two States with territories in the zone of
application of the Tlatelolco Treaty.

458. NPT safeguards agreements have already been
concluded with ten ofthe eleven States signatories of the
South Pacific Nuclear Free Zone Treaty (Rarotonga
Treaty), and safeguards were applied in one of these
States pursuant to such an agreement.

Safeguards acth'ities

459. The scale of safeguards activities during 1988 is
indicated below:

2128 inspections (2133 in 1987) were performed,
representing 9379 person-days of inspection
(9556).

15500 seals (12500) applied to nuclear material or
Agency safeguards equipment were detached and
subsequently verified at Headquarters.

1170 plutonium and uranium samples (1340) were
analysed, with approximately 3040 analj"tical results
(3600) reported.

The number of major facilities at which inspection
goals were attained for the whole facility was 248
in 1988 (214).

The number of available inspector staff-years (in­
cluding inspection assistant staff-years) rose from
179.7 to 184.7 (an increase of2.8 %), and there was
an increase of 4.5 % in the number of available
staff-years of designated inspectors (and inspection
assistants) for carrying out inspections at facilities.

The IAEA Offices in Toronto and Tokyo continued
to make a significant contribution to effective and
efficient safeguards implementation. The
electronic communication links installed are now

ss

being used for the exchange of safeguards confiden­
tial data, thereby improving the timeliness of
processing inspection reports.

3] new facility attachments (7 in 1987) were
negotiated and 18 updated facility attachments (30)
entered into force.

460. In addition, there were considerable achievements
in particular inspection-related activities, as can be seen
from the following examples:

Safeguards implementation was initiated at a LEU
fuel fabrication plant, in a nuclear-weapon State,
with an exceptionally large inventory and through­
put and a complex, advanced production line.

A simultaneous physical inventory verification
covering unirradiated natural uranium at all
facilities in the natural uranium fuel cycle was suc­
cessfully carried out for the sixth consecutive year
in one State.

An inspection procedure which includes unan­
nounced inspections for verification of the material
flow was implemented at a large fuel fabrication
planl.

461. Steps were taken to arrange forthe introduction of
new or modified safeguards approaches in order to in­
crease the effectiveness and efficiency of safeguards
activities. They included the following:

A new safeguards approach for some on-load
refuelled power reactors was developed, induding
a newly developed core discharge monitoring sys­
tcm backed up in cxceptional operating situations
by short-notice random inspections.

Verification of the design information for a new,
automated mixed oxide (MOX) fuel fabrication
plant was carried out and the facility attachment for
the plant entered into force. NDA equipment in­
tegrated into the feed transport system was intro­
duced for routine use (the system is designed for
continuous, unattended operation).

A new approach for safeguarding unirradiated
MOX fuel in light water reactors (LWRs) was
agreed upon with a group of States.

The development ofa safeguards approach for a fast
breeder reactor in a nuclear-weapon State was in­
itiated.

A safeguards approach was successfully devised and
implemented at a large plutonium oxide storage
facility in a nuclear-weapon State.



A facility attachment for the storage ponds as­
sociated with a large reprocessing facility in a
nuclear-weapon State was finalized and agreed
upon at the r-egotiating team level.

Development and technical support

462. Studies were carried out on a long term
programme for improving the effectiveness and ef­
ficiency of safeguards, and several sections of the
preliminary plan were issued for limited review. In
addition, forecasts were produced for the number and
types of nuclear facilities coming under safeguards
together with the associated quantities of nuclear
material.

463. Work continued on the development and improve­
ment of new safeguards approaches for facilities where
the approaches currently being used do not provide for
the full attainment of the inspection goals as well as for
other types of facilities, such as fast breeder reactors
(FBRs), highly automated fuel fabrication facilities,
long term spent fuel storage facilities, and for LWRs
with fresh MOX fuel and fuel assemblies designed for
dismantling and re-assembly. In addition, analytical
work continued on the further development offuel cycle
safeguards approaches, in particular on the possible
application of randomization techniques and the zone
approach.

468. The development and quality assurance program­
mes for an in situ verifiable electronic seal were success­
fully completed. Ultrasonic seals for in situ verification
at CANDU spent fuel storage facilities were tested suc­
cessfully and authorized for inspection use.

469. Work continued Hn the development of spent fuel
attribute testers allowing in situ verification of light
water reactor and on-load refuelled reactor spent fuel.
Field trials of prototype units for both types of facilities
were initiated. A co-ordinated research programme has
been started on the verification of spent fucI without
necessitating movement of the fuel.

470. Comprehensive exercises with Cerenkov viewing
devices (CYDs) wt:re carried out at light water reactors
in Swedt:n. The procedures for using CVDs were tested
and finalized.

471. The co-operation of a Member State with the
Agency in the development of an integrated safeguards
system for a heavy water production plant continued.

472. The Agency participated in t:quipment develop­
ment for an extensive multilateral project with two
Member States, to produce a unified safeguards system
for a new automated MOX fuel fabrication plant.

473. The following statistics provide an overview of
technical services in 1988 (1987 values in brackets):

-

0.8%

268
301

1658
15508

264

464. The second phase of the United Kingdom sup­
ported feasibility study of applying probabilistic
methods for the rssessment of safeguards effectiveness
(PASE) at a model mixed oxide fuel fabrication facility
was completed. Planning for a third phase is under way.

465. The Agency participated in the first meeting held
under the auspices of LA SCAR (Large Scale
Reprocessing Plant Safeguards), a forum for the ex­
change of information on the development of effective
and efficient safeguards for large scale commercial
reprocessing plants expected to begin operation by the
year 2~. The Governments of France, the Federal
Republic of Germany, Japan, the United Kingdom and the
United States of America and the European Community
r:.uticipate in this forum.

Twin photo units in use
Photo cameras repaired and tested
Twin photo unit

failures related to equipment
Surveillance film developed

at Headquarters
Seals verified
Shipments of equipment
Shipments of nuclear material

and chemicals 113
Procurement actions 892
Samples analysed by SAL and NWAL 1173

Information treatment

(268)
(364)

(0.7%)

(1794)
(12450)
(237)

(123)
(679)
(1344)

466. Work continued on the development of enrich­
ment monitoring systems for use in the inspection of
cascade areas at centrifuge-type uranium enrichment
plants. Discussions continued with national authorities
on the calibration of their prototype hardware and the
design of hardware for inspector use at such facilities.

467. An overall plan for the co-ordination of activities
required for the replacement of photographic equip­
ment with closed circuit television (CeTV) systems was
developed.
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474. Computerization of inspection data plays an in­
creasingly important role, and the computer environ­
ment must therefore be maintained at a high level of
availability and respolL'iivencss. The database and ap­
plication development environments have been further
enhanced with the installation of up-to-date software
packages. The installation of a local area network
(LAN) for the Department continued. The new IAEA
Safeguards Information System (ISIS) system software
was completed, allowing the direct transfer of
authorized information from personal computers to the
centrallSIS data base. A number of design propo~als



were prepared on the basis of a feasability study for
implementation in 1989.

475. Significant progress in the development of the
computerized inspection field support system (IFSS)
for one fuel cycle facility was made.

476. Software was developed for the transit matching
subsystem which will highlight transfer data reporting
large amounts of material which remains unmatched for
a certain period, thus permitting the Agency to initiate
prompt action to resolve the maller in a timely manner.

477. In order to assist Member States in their review of
the semi-annual statements called for in Subsidiary Ar­
rangements for INFCIRCIl53-type agreements, such
statements have been provided to a number of States in
computer readable format.

Safeguards evaluation

478. Altogether 2417 inspection reports (2353 in 1987)
and 2612 inspection statemeDls (2508 in 1987) were
reviewed. The monitoring ofthe average time required
for the major steps in the processing of statements was
continued. The average time between an inspection and
the dispatch of the results to the State in which the
inspection was performed was 64 days (83 days in 1987).

479. Comprehensive quality assurance audits were c'Jn­
ducted, and the implementation of actions resulting
from previous quality assurance audits was assessed.
Other quality assurance activities included an inde­
pendent programme for testing the sensitivity of the
verification of safeguards seals when returned to Head­
quarters. This programme submits deliberately altered
seals as a blind test of the Headquarters verification.
Also, a number of inspection reports were examined,
with a quality control review of the associated surveil­
lance films. A system called Low Risk Transition Plan
(LRTP) aimed at improving the level ofquality of equip­
ment under development has been adapted and further
applied to a new model of surveillance equipment.

480. MUF (material unaccounted for) evalualions were
done for 52 material balance periods and .J5 material
balance areas using improved standardized methods.

481. Historical data necec~ary to define the quality of
the measurement systen•.; used in material balance
evaluations continued to be collected, primarily from
destructive analy~es carried out by the Safeguards
Analy:ical Laboratory, the Network Lahoratories and by
operat ns. Analysis of these data yielded resulrs impor­
tant for a statistical evaluation.
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Standardization and training

482. A new volume of the Safeguards Manual, dealing
with managerial' matters, was issued. The preparation
ofa further volume on safeguards equipment is proceeu­
ing. Development of the Safeguards Management In­
formation System (SMIS) continued.

483. Introductory courses on Agency safeguards for
new inspectors were conducted, including comprehen­
sive ir..spection exercises in the German Democratic
Republic and in the Soviet Union. Eleven advanced and
refresher courses for Professional staff, as well as in­
dividual training in the NDA and containment and sur­
veillance (C/S) areas, were held at Headquarters and in
the field. Substantial support in the organization and
conduct of training courses continued to be provided by
Member States.

484. Five safeguards trainees participated in the fifth
training programme for junior professionals from
developing countries, which included classroom lec­
tures, laboratory experiments and visits to nuclear
facilities in Austria and the Federal Republic of Ger­
many. The trainees attended an inspection exercise in
the German Democratic Republic. A sixth programme,
with five safeguards trainees, will start in January 1989.

485. Two training courses on State Systems of Account­
ing for and Control of Nuclear Material (SSACs) were
organized: a basic course held in the Soviet Union and
attended by 24 participants from 22 Member States; and
a regional course, designed for Member States from
Latin America, held in Brazil and attended by 23 par­
licipants from 6 Member States.

Support by outside groups

486. During 1988 SAGSI provided advice on the
safeguards development programme and associated
meet:ngs planned for 1989-IY90 and continued its con­
sideration of guidelines for future safeguards activities
on the basis of Secretarial proposals aimed at estab­
lishing a long term framework for planning such ac­
tivities.

487. SAGIiI also provided advice on long term
guidelines for future safeguards acti\"ities relevant to
INFCIRCI153-rype agreements and began considering
similar guidelines relevant to lNFCIRC66:Rcv.2-typc
agrce·ments.

488. An advisMy group meeting was hcld on safeguards
rdated to the final disposal nf nuclear material in waste
and spent fuel. with emphasis l)n the termination nf
safeguards on waste mate. ials.

489. An advisory group meeting reviewcd the status of
OS tcchniques with special reference to in situ vcrifi-



dble seals, made recommendations on the evaluation of
performance specifications for such seals, and proposed
a basis for a nethodology for evaluating the charac­
teristics of C/S devices in field use.

490. A seminar un safeguarding W\VER-lOOO nuclear
power stations WaS held in the USSR and addressed,
inter alia, the safeguards approach, inspeclion goals and
implementation experience for LWRs where access to
certain areas WF hin the Gontainment is limited. A semi­
nar held at h 'adquarters and attended by repre­
sentatives of facility operators and State authorities
reviewed physical inventory verification procedures for
LEU and natural uranium fuel fabrication plants. Also,
several technical meetings were hel(~ at Headquartcrs
and in thc USSR on the question of a safeguards ap­
rroach for the BN-bOO fast breeder reactor.

491. A consultant group meeting was con,'cned to study
safeguards needs for nuclear reference materials and to
consider international co-operation to assure their long
term availability.
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492. Substantial contributions to th;,: safeguards
devdopmt:nt programme were again made through na­
tional programmes in support of Agency safeguards.
Belgium, Canada, France, the Federal Republic of Ger­
many, Italy, Japan, the Soviet Union, Sweden, the
United Kingdom, the United States of America and the
European Community provided support within the
framework of formalized support programmes. Formal
support programmes were established with the German
Democratic Republic and Finland. Other Member
States (notably Argentina, Australia, Austria, Bulgaria,
Czechoslovakia, Hungary, the Netherlands, Switzerland
and Yugoslavia) continued to contribute through re­
search and develllpment agreements, contracts and test
programmes. Further testing and performance
monitoring of safeguards equipment for CANDU reac­
tors were carried out in Argentina, Canada, India, the
Republic of Korea and Pakistan.

493. Committees and other regular forms of contact
between the Agency and Member States, including
working arrangt:ments with facility operators, con­
tinued to make a significant contribution to the further
improvement of safeguards implementation.

-



Table 2

States having significant nuclear activities
(at the end of the year indicated)

Numher of State\

SIale!; with safcguards applicd under NPT or NPT/Tlatelo!co agreelllt:nt\

Slute!; with safeguards applied under Tlatclolco agrccment!;

Statc!; with safeguards applied under INFCIRC/66/Rcv,2 agreements'

NW Statc!; with voluntary-offer agrcl'll1ents in l"nrn'

Other NW States

Il)!lb

41

11

4

41

11

4

ll)!l!l

41

11

4

--_. - -- ---_..-._----_._------_..- ..._-----_._._.- _._-

Totul numher of Statc!; with \ignilkunt nudcur activitic\ 51'< 51'<

" SOl1\e Statc!; with INFCIRC/M:Rev,2-type ugrcel1\enl, whkh have not ~l·t heen su\pendcd ulthllugh l\:PT "grl'clllenl\ h""l' cllll'red
into force arc listed under NPT agreemcnt\ only. NUdeur-weapon Stall" with INFCIRC:66iRc,.2-type agrecl1\ell!\ in fOlw arc nol
indudcd,
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Tuble ~

Approximate quantities Ill' muteriul sub.ie'~t to Agem:y sufeguurds
(ut the end of 19~8)

QUlIntity of Inlltcriul (I)

TyJlC or lllilterial

Sucl~ar mat~rlal

INFClRCI
l~~"

INFCIRCI
M"

l'!uc1cur·
Y'eupun
S:ltcs

QUllntity
in SQ

Plutuniulll ' contllined in irradiated fuel

SepuraleJ plutonium out~idc rcul.'lOr corc',

Re\,'ycled plutonium in rucl ,,'Icments in rcactllr corcs

HEl! (C4Uill to lH greatcr than 20~1r urallium-B~)

LEU lie,s (hiill 20~f uranilll1l·23~)

Spurl'C material ,I (natural llr Jeplclcd u-anium an" th"rillm)

Total slllnlncant quantltl~s

16~,~ 30,2 ~K,9 ~I R06

tU Cl I.H I ]~~

0,5 0 0 6~

12,H IU 0 291

21 977 3 2~5 (>472 9 6~4

JJ 79 I 4 154 16 ~611 4 06~

47 Bb

o o 7',

• C\l\ cnng ~afc~lIards agrCl.!tncn;;, pursuant tll SPT ,Inll,or rhltcloko Treat),

Th,,' '-IllUmit) induJc\ an c~timlll\"d f12,9 I c7Hfll SOl or plUtdnillm in irradilltcd fllcl. "hidl is nol reported 10 the AgclIl.'Y under the
rcporting prol.'cJures agreed 11> fthe 1I0n-reporll'd pluhmllllll IS l:lllllailll'U in irradi,ltl'd fUl'1 ilss\,'mhli,,'s 10 whil.'h ill'm lIl'l'OUlIIlll1l.'Y lInd
(' S mcasures arc applied I.

ThiS tahle docs not 11Idude maleriul within Ihe tcrms of suh-paragrilphs 34(a) and (h) of INFCI\{C-I.~.' ('orrel.'tedl.

~on-nudear millerial SUh\Cd 10 AgelK'y sareguilnls under INF('I\{("6h \{C\ .2·type ilgreemcnls.
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Table 4

Installations under safeguards or containing
safeguarded material at 31 December 1988

Numher uf insullllltlon!l

InsllIllution calegory INFCIRCI
1~3'

INFCIRCI
66/Rev.2 h

Nuclellr­
weapon
stlltes

'futlll e

A. Puwer reUl.:turs 1~9

B. Reselll ch rellcturs IInd criticul assemblies 14~

C. CunverSill!1 plllnts 4

D. Fuel fllbrication pi lints 30

E. Reprocessing plunts 4

F. ~~nrichmenl plllnts ~

U. Sepllrllte storllge fllcilities 33

H. Other fllcilities 46

Sub-tutel 42tl

I. Other locutk lS 379

1. NOI1-nuch~ur installutiuns 0

TOlUls 1l0~

28

26

3

10

4

3

77

2K

107

o

4

o

11

o
o

K

IK8 (\88)

172 (173)

7 (7)

41 (11)

b (6)

7(7)

41 (37)

49 (46)

SII (~OS)

407 (406)

2 ( 2)

920 (913)

-------------------------~--- .._--------
., Cmering safeguards agreelllenls pursuant to NPT und/or Tlatelllko Treuty

h Excluding installations in nuclear-weapon States.

Numher, for IIlK7 lire indicated in parentheses for comparison.
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Table S

Situatiun un 31 December 1988 with respect to the conclusion of' safeguards agreements
hetween the Agency and non-nuclear-weapon Stutes in conne",tinn with NPT

Nun·nuclear·weapon Slales whh:h havl.l sitllled.
ralitil.ll.l, ucceded lu or succl.ledeu 10 NPTM

(11

Afllhuni~lan

AnlilJuu und Burhudu
Au~truliu

AU~lriu

Buhul\\ll;,

Bahruin
Ft.lngluuc~h

Burhlldm
Belgium
Belill:

Renin
Hhulan
HplivlU"
BU1~"'lInu

Brunei DllrUl\~ullll\l

Hul~ilrnl

Burkinu Fll~O

Rurundi
Cameroon
C'anudll

Clip'" Vcrdc
('entral Mril:un Repuhlil:
('hild
("lllllllhla
Clll\g.11

C'll\IU RiI:a h

"t!lC d'l\lllr",
Cypru\
( "Cl:hll\lll\ukiil
[)l,'l\hl~'rilll~' Kumpul:h",a

[)clll' )~'ratl~' PI:Oph:" Rl:pllhli .. of Kllrea
()ef1llll'rUtl~· Yemen
DClllllurk-
[)1I1111l1l1.:i1

l>1l1ll11l\~iln Repuhlil.: h

El'uudor"
1:I:"pt
El'l.d\,ldllr·'
Erjlldtllnal (il.llnca
I-.thl.1pra

Dule uf rUliliculiun,
uCL'essiun or succession"

(2)

4 February 1970
I November 1981

23 Jllnuary 1973
27 June 1969
10 July 1973

~ Novllmhcr llJHH
27 Sl:ptemhcr 1979
21 Fllhruury 19HO
2 Muy IlJ7~

9 AUlJust 19H~

.'1 Octuher Il}n
23 Muy II}H~

26 Muy 1970
2H April 11}69
2~ MllrL'h 19H~

~ Sl:pll:ll1her IIJfl9
~ MurL'h 1970

11} Mllrch 1971
HJllnuury 1961}
HJunullry IIJf!Y

24 ()etllher 1979
2~ (klllher \970
III Mllreh IY71
H April 19Mb

2,' Oetoher 1471<

" Murl'h IY70
" Mar~'h )1J7J

III hhrullr~ I lJ70
22 July IYtl9
2 Junc 11)72

12 IJcI'ClIlhl'r II)H:'i
I Junl: \1)7lJ

J Junuary llJ6lJ

III Augu\t IlJH4

24 Jul, \971

7 Mardl IY6Y
2tJ Fchruilry IlJH 1
I1 July 1972
I Novcmher ilH!4
:'i h:hruary Ilnl)
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Sufeguurds agreemenl wllh
Ihll Agency

(3)

In force: 20 Fehruary 197M

In film:: 10 July 1974
In IilrCll: 23 July IlJ72

In I'llr~'~': 11 Junl: 1\)H2

In tilrcc: 21 Fcbrullry 1971
Approved hy the BlIurd, Feb, 19Mb

Sillned: 2.' A\lll\l~t 1974

In fllrL'c; 4 Novcmbcr 191<7

In force: 2lJ h'hrulIry 1'J7:!

In forl'e: 2\ FL'hrullry 197:!

In fi,rl'c: 22 Novemher \979
In ror~'c' H Septemher IYHJ
In forl'e: 26 Junuary 11l7.'
Itl fnrl'l'; _, Marl'h IlJn

In forl.:c: 21 Fehruary )977

In fnrl.:l': I1 (ktllhcr \97.'

In fOlw 10 March IY75
In for~'c: .H) Junc il)H.:!
In rorcc: 22 April )1J7:'i
Approved hy the Board. Junc }l)Xh

In fllr~'~': 2 !kl'cmher 11177

INFCIRC

(4)

217
I~6

JOI

IlJ3

171<

ltl4

271<
JOY
II<~

17.'

.:!1I1

2111



Non·nucleur-wc:upon StuteN which huve ~Igned.

rUlitiud, ul:cllded 10 or succeeded 10 NPTM

(11

Fiji
Filllund
(jllhon
Gllmhiu
(lerl11un Delllocrulic Repuhlic

CiCrl111111y, Fcdcrlll Rcpuhlk' Ill'
Uhunu
Orccl'c·1

(. r.:nudll
Cilllllcllllllu h

OuincII
( iliincu-Hi"uu
Hllili h

Holy Scc
Ilondurllsh

Hun!!lIry
kl'land
Illdo"l',ill
11'1111, Islal11ic Rcpuhlil' of
Irn4

It l'lulill
11,lIy
.Ialllllll'a h

.Iapun
Jorl1.1Il

I'"l1yll
Kirihllli
Kon a. Rcpllhlk' (If

Kllwail"
I.ao 1I"(lplc', I>clllonalil' Rcpllhlil'

Il'hll11011
l,l'Slllho
Liherla
I ihyilll Mah JalllllhJrlya
l.icl'hl,'ns:l'j 11

1.1Ixcl1Ihollr~

MiIlhlj!asl'ar
Mala" I

Mala~"'la

Maldi\l''''

Mall
Malla
~v1auntill'"

Mnil'llh

1\1-1I1)!illl.1

Tllhle ~ (conI,)

I)ute of rlllit1clltion,
uccesslnn or succession M

(2)

14 July 1972
~ Februllry 19b9

19 Februury I Q74
12 May 1975
:'\ 1 Ocloher 1969

2 Muy 1975
~ Muy 1970

11 Murch 1970
IY August 1974
22 Septemher 1970

29 April 19H~

20 AuguSI 1976
2 Junc i ','70

25 fchruury 1971
16 Muy 1973

27 MIIY IYflY
IH July 196Y
12 July' 1Y7Y
2 hhruury 1970

29 (klohcr 1969

1 July 19bH
2 Ma~ IY"~

5 Murch 1970
H JUIll' 197fl

I1 Fchrullry IY70

11 JUI1C IY70
IH April 19H5
2.~ April 1Y7~

20 h'hrullry 1970

1~ July IY70
20 M") 1970
~ Marl'll 11170

26 Ma) IY7~

20 Apnl 1Y7H

2 May 197~

HCklllher 11)70
IH Fehruary IllHh
~ Mardl Jl170
7 April 1970

10 h'hruar) 11)70
tl Fdmlary 1l)70

2~ April (l)6l)
~ I Jallllar~ Il)64
1..\ ~1a> I%l)

63

SlIfeguards IIllrecment with
the Alloncy

(3)

In thrce: 22 March 1973
In force: 9 FebrulIry 1972
Signed: ,~ IJccembel' 1979
In force: MA"oll:t 1978
In force: 7 Mllrch 1972

In force: 21 Fehrullry 1977
In forcc: 17 Februllry 197~

Accession: 17 December 1981

In force: \ Februllry 1982

Signed: b Junullry 1975
In for~'e: I AUl{ust 11172
In force: l!l April 1975

In force: ~O Murch 1972
In 1'01'1'1.': III Oclober 1974
In f(1r~'e: 14 July' 1980
In force: I~ Muy 1974
In force; 29 fehrullry 1972

In forcc: 21 Fehrullry 1977
In fnrl'c: 21 februllr)' 1977
In force: 6 November 197!l
In forl'c: 2 J)e~'el11ber 1977
In hm'c; ~ I Fchruur) 11)7H

In for,',': :4 NO\'l'lllher 11l7~

In fllrl'c: ~ MlIr~'h \1)7.l
In forl'l': 12 June 11173

In fllrl'l.': ~ July jll~(J

In forl'l': 4 (kloher \l)74

In forl',,: 21 h:hruury 11)77
In forl',,: 14 JUl1l' 1l)7J

In fore,,: 24 Fehruary 1472
In foi'l'l" ~ (ktoh,'r \1l77

In hlrl'e . .11 JanulIry 1l)7,~

In hlrl'l'; 14 Sl'plcmhcr 11l7,\
In lorl'l' ~ Sl'ptl'mhl'r 1117 ~

INFCIRC

141

192
I~!'

277
181

193
226
193

299

187
235

174
21~

283
214
172

193
193
26~

2~5

2~!l

236

191
199

2M2
275

\93
21Xl

I IX)

197
IH~



Non-nuclear-weapon States which have signed,
ratified. acceded to or succeeded to NPT"

(1)

Morocco
Nauru
Nepal
Netherlands f

New Zealand

Nicaraguab

Nigeria
Norway
Panamab

Papua New Guinea

Paraguayb

Perub

Philippines
Poland
Portugalg

Romania
Rwanda
St.Lucia
St. Vincent and the Grenadines
Samoa

San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Seychelles

Sierra Leone
Singapore
Solomon Islands
Somalia
Spain

Sri Lanka
Sudan
Surinameb

Swaziland
Sweden

Switzerland
Syrian Arab Republic
Thailand
Togo
Tonga

Trinidad and Tobago
Tunisia
Turkey
Tuvalu
Uganda

Table 5 (cont.)

Date of ratification,
accession or succession"

(2)

27 November 1970
7 June 1982
5 January 1970
2 May 1975

10 September 1969

6 March 1973
27 September 1968

5 February 1969
13 January 1977
25 January 1982

4 February 1970
3 March 1970
5 October 1972

12 June 1969
15 December 1977

4 February 1970
20 May 1975
28 December 1979
6 November 1984

17 March 1975

10 August 1970
20 July 1983
3 October 1988

17 December 1970
12 March 1985

26 February 1975
10 March 1976
17 June 1981
5 March 1970
5 November 1987

5 March 1979
31 October 1973
30 June 1976
11 December 1969
9 January 1970

9 March 1977
24 September 1969
7 December 1972

26 February 1970
7 July 1971

30 October 1986
26 February 1970
17 April 1980
19 January 1979
20 October 1982
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Safeguards agreement with

the Agency
(3)

In force: 18 February 1975
In force: 13 April 1984
In force: 22 June 1972
In force: 21 February 1977
In force: 29 February 1972

In force: 29 December 1976
In force: 29 February 1988
In force: I March 1972
Signed : 22 December 1988
In force: 13 October 1983

In force: 20 March 1979
In force: 1 August 1979
In :orce: 16 October 1974
In force: 11 October 1972
Accession: 1 July 1986

In force: 27 October 1972

Approved by the Board, June 1988

In force: 22 January 1979

Approved by the Board, Feb.1977

In force: 14 January 1980

Signed: 10 November 1977
In force: 18 October 1977

.In force: 6 August 1984
In force: 7 January 1977
In force: 2 February 1979
In force: 28 July 1975
In force: 14 April 1975

In force: 6 September 1978

In force: 16 May 1974

Approved by the Board, Feb. 1975

In force: 1 September 1981
Approved by the Board. Feb. 1986

INFCIRC

(4)

228
317
186
193
185

246
358
177

312

279
273
216
179
193

180

268

276

259

320
245
269
227
234

264

241

295



Non-nuclear-weapon Stutes which hav: slsned.
rlttlfied. acceded to or succeeded to NPT1

(I)

Uruguayb
Vcnezuelltb

Vlet Nam
Yemen Arab Repuhlic
Yugoslltvllt

Zaire

Table ~ (cont,)

Date of rlttlficlulon,
accession or lIuccesslon l

(2)

31 AUIIUlll 1970
26 Septemher 197.5
14 June 1982
14 May 1986
3 March 1970

4 Auaust 1970

Safelluards ItSI'eeme.'\t with
the Agency

(3)

In force: 17 September 1976
In force: 11 arch 1982

In force: 28 December 1<)73

In force: 9 November 1972

INPCIRC

(4)

1.57
300

204

183

• The Information reproduced in columns (I) and (2) was provided to the Aaency by depositary Governments of NPT, und un entry
in column (I) does not Imply the expression of any opinion on the purt of the Secretariat concerning the leaal status of any country
or territory or of its authorltlell, or concerning the delimitation of its frontiers, The Table does not contain information relutlnll to
the participation of Taiwan, China, In NPT,

b The relevant sufllguards usree~ent refers tll both NPT and the Tlatellllcll Treaty,

< Tlte NPT safeguards agreement with Denmurk <INFCIRC/176), in forI e since I March 1972, has been replaced hy the agreement
llf.5 April 1973 between the non-nuclear·wellpon States of EURATO~, EURATOM and the Agency (INFCIRC/193l hut Mill applies
to the Faroe Islltnds, Upon Greenland's secession from EURATOM as of 31 January 198.5, the Aareement hetween the Agency and
Denmark <INFCIRC/176) re-entered Into force as to Greenland,

d The application of Agency safesuards in Greece under the agreement INFCIRC/166. provisionally in flln:e since I Mun.:h 1972, was
suspended on 17 Decemher 1981, at which date Greece a~'~'eded to the agreement of ~ April 1973 (INFr lRC/IY31 hetween the non­
nuclear-weapon States of EURATOM, EURATOM und the Agency.

• Kuwait slgnt!d NPT nn I~ August 1968 hut has not yet ratified it.

r An allreement had 1I1so been concluded in respect of the Netherlands Antilles (INFC1RC/229), This Itgrcement entered into force
nn .5 June 197.5,

~ The NPT safe~lIards agrecment with Portugal (INFCIRC/272l. in force since 14 June 1979. was suspended on I July 1986, on which
date Portugal acceded to the a~l~ement hetween the nnn-nuclear-weapon States of EURATOM, EURATOM and the Agency llf
~ April 1973 (INFCIRC/l93),
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Tuhll.' tl

Situation on .' I Decl.'l11her 1988 wilh respecI 10 Ihe conclusion of
sllfegllul'us ugreelllcnls hl.'lween Ihc Ag~'n~:y lInd Slules purly 10 Ihe TllIleloh:o Treuly"

Slul~'\ pal't~ to th~'

Tlulclok'\l Treuty

III

Al1lijlUII und Barhuda

HuhllllHl\

Bilrhlldll\
Bolivia I·

Collllllhia

Cosla Rkll h

Dominican R~'ruhli~' I'

b:uudor h

El Salvador h

UI\'IHlda

(iUUl~'ll1ala h

Haill"
Hondura\ h

.J "'lIaiL'a "
~ h'\I~'O I, ,

N i~'araguu h

Panalllil ,I

l'al'il~Uil) "
P~'rl1 h

SUI"IIHlIlI~' h

Tnniuud and Tohul-!u
l'ruguil\ h

V~'n"'I.lI~'1a h

J)lIk' of IW~'\lIlling 11 Purly

to tlw Tluleloko Treuty
(2)

11 (k'loher IIIM.\

~o April I~n7

~5 April IIJtlY

IH Fehnlur} I Yh9

h S~'ptclllh~'r 197:!

~5 AuguSI 19hY

14 June 196R
II FchrUill) i I)h\)

~~ April 19f1M
20 June 191~

fl "'ehnlLlry 1970
2J Muy \YflY

~.l Seplcmher \9flM

2tl JUlle 1961l

.:!O SCpll'illher II)fJ7

24 Ck'toher l YhR

IIJun~'IIJ71

19 Mardl Iljfl4

4 Mardl 11l61J
10 JUlle 11)17

27 JUl1e 1975

20 AlIgu\t 196H
~ ,\ Mardl 11)70

Sufcl!uurds ugrccllwlll

'" ilh Illl' Agcn~'y

(.\ )

Signc~ : 2,\ August 11)74
In for~'e: :!:! J)eeemher 19M2

In force: 22 Novemher IY79

In for~'e: II Ol'toher 197.\

III force: 10 March 1975
In for~'e; 22 April 1\)7~

III force: I h'hruary IYH2

SigllCd : o.JamlLlry 1975

In force: IHApril 1l)7~

In fOI'l'C: 6 Novcmhl'r 197R

In force: 14 Se,JI~'l11hcr IY73

In for~'e: ~y Del'l:mher 197fl

In force: 23 Mun:h 19R4

In force: 20 Murl'h 1979

In forl'c: I AuguSI 1979

In force: .:! February 191Y

In for~'e: 17 Serr~'lllher \1J7h
In ror~'I.': I1 Marl'h II}K2

INFCIRC

306

271S

201

231
232

246

316
279

273
269

\~7

.lOO

In iu.luilion, th~'rl' ar~' Ihe following \afej!uard\ l\l!r~'ell1l.'lll\ wilh Slitte\ party III Addition:a! I'rolo~'ol I to 11ll' Trl'llly: "

Unitcd Stilll.'\ oJ 1\l1Icri~'a

In fllrn': ~ JUlll' 11)7 ,'i

..\PPI'l)\'~'d hy Ihe HilaI'd Sepl. IlJKK'

rh~' IlIformatloll r~'prllllul:ed In I:OIUIllIl\ (1) and l~) \\.a\ lak...n 'rulll till' r... ll'vant OI'ANAL \1,1111\ rl'l!0rl.

In addililln to the Stall.'\ Ihl~'d In ~'Illull\n r I J, Argelltina IHI\ \ij!nl.'d the Trcaty hut nol ratined It. while Bra/rl und Chill' have ratified

it hut haw not y~'t h~'~'lll1le parltl'\ tllthe Trl'aty a\ Ihl.'y ha\'c nol .,0 lar madc Ihe dwlaration pl(1\'ld~'d lilr III ArriL'k' 2K of lhe Trealy,

rhl' i1PJlII~'ation of \afcguard\ until'!" an a~re~'II1\'nt with :\1!:XII"1 111 1'llnl1l:l:llI:n '" ilh Ihe Tlal~'\oko Trl'ilty whiL'h cntered into torl'e
\Ill (, Seplelllh~~r IIJIlK rI:'I:ITIIH' IIKI V.il\ \1I\pelitled after thl: L'ondu\ion of an aj.!rl'l'/Ilelll wllh ~1l'.\i~'o In ~'onl1l'I'tion with hoth tIll'
TIi\II'IIl\c1l Treat)- ilnd ~PT I I:,>;H 'IIH' 11)7)

" 1\11 i1.l!rel.'lllent ha\ al\o heen L'llnL'1uded III I 'JKX pUl'\llilntlo holh thl' TlatelolL'll Trl'at,v alld :'JPT. whkh hu\ nol Yl.'t ~'nt~'red Into forl'l',

AddlllllllUI ProlO~'lll I refer\ to SlillC\ \llIl"lIk' Latin All1eriL'a whidl hl\\~' de jure or dc fill:to jllri\dil.'lion O\'l'r ll.'rritorie\ within Ihe

lillllh III Ihe g~'Ill!l'ilrhi~'<I1 Illlle e\lahl"hl'd ill thl' Treal)-,

hlll'l"d Inlo forl'c on (, April IlJKIJ.
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Tuhlc 7

Allrccmcnts providing for sllfclluurds, other thlm those
in I.'lmnection with NPT or the Tlutelolcu Treaty,
upprovcd hy the BlIurd us of 31 ()cecml:l:r 1qKK

Purty( ics )" Suhjel't Entry intll hlll'C INFCIIH'

(Whilc the Agency is u purt}' 10 l'ul'h Ill' thc fllllllwing ugrl'Cl1lent~, only the Stulc(s) pnlY to thcm i~ (url') Iislcd.l

(ul P/,r!ll'd AR/'t't'lI/t'III,I'

Argenlinu

Chilc
Finlund h

Orccl'ch

Indonesiuh

Irun, Islamic Rcpuhlit' ofh

Jumuk'uh

Jupun h

Muluy~iuh

Mexicoh

MOrllt't'llh

Pukislun

PCiU h

Philippines ~

Romuniah

Spain
Thuilunu"/Uniteu Slales of Amerk'u
Turkey"
lIruguayh
Venczucla I'

Viet Nam'
Yugmlavia h

(h I U"i!ru('I'u/ .1 u!JlI/i.uir!/l.I"

Alhunia
Argt'nlina

Siel11en~ SUR· 100
RAEP Rellctllr
Herulu Rt'Ul'tor
FiR-I Rl'uclllr
FINN suh-criliclii asscrnhly
GRR-I RCllt'lor
Auditionul l'orc-Ioud for TRIOA Rcactor
UTRR Real'lor
Fuel for rc~carch rcactor
JRR-.'
TRIGA·ll Rcactor
TRIG.'\-III Rcactor
Siemcns StiR-lOO
Lagunu Venle NUl'lear Powcr Planl
Fuel till' re~carch reactor
PRR Real'tor
Aoostl'r rods for KANUPP
Re~earch rellctor and fuel there for
PRR·I Reut'lor
TRIOA Rl'al'lor
Experimental fuel elcmcnts
Cnral-I Reuctllr
Fuel for n!search rC,Klor
Suh·criticul uloscmhly
URR ReuClnr
RV -( RCill'lor
FlII'I for rcsclIrl'h rCUClllr
TRIGA-ll RClIl'tOI
Kr.;;kll NudclIr PlIwl'r Plant
TRICO Rcul'lllr

All Illll:il'ur malcriul and fal'ilitil'\
Aludla Pllwl'r Rcactor hll'ilil~

Nudt'ar matcrial
ElIlhilhc PmH'r Rcul'llll' Faciill~'

E4uipmcnl and nudeur lIlalt'rial
Nudcur malt'rial, malt'nal,

l'quipllll'nt and r'\l'ililil's
Aludw 11 NlIdl'ar 1'0\1 l'1 Plant
Ilca\"y \\>lll'r planl
Ika\ y watt'r
NlIdcar material
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D March 197(i
2 Deccml'lc r 1lJt,4

I~ J)cl'cmhl'r 19b1)

.'0 ))cl'cmhcr !I)t,O

.'0 July 196~

I March 1972
19 ))ct'CmhCI 19t'l' \
10 Muy 1967

2~ Junuary !I)M*

24 Murch 19~1l

22 Scp:cm~er \l;~1I

IMfkl'cmhcr IlJh~

21 [)ccl'mhc I' Il)7 I

12 h'hruilr~" 1974

2 DCl'rmher 19!P
~ Milrdl IlJh2

17 JUI1l' Il)hM

9 May IlJ7M

28 Septemhcl' I\)6(I
~O Milrdl 11)7.~

I July II)M.~

~.' Jlllll' IlJfl7
~O Scplcmhl'r IlJHh
17 May 1474
2-1 Scptclllhcr Il)b~

7 No\'cmht'r 1l)7~

I July IllMJ
-I Oclohl'r 190 I

14 JUIW 1974
~7 .Junc IlJh2

2~ Mardl I'IXX
.~ (klllhl'!' IlJ72

2.~ (ktllht'r I'J7l
h lkl'l'lllhl'r 1974

22 Jul~ 1'177

~2 .llll~ Ill',

15 .JIII~ 11ISI
14 (kt,\hl:1 I'IX\
14 (il'h 'hl'!' I'IX I
X .JlIl~ l'IX2

14~

1]7

24
~~

16~

1~11

1)7

.~ I~

J

:!M7
~2

ltl2
:!OJ
.'1]

.~-I

Ilh

~htl

XII
2llh
.lOi

Ill)

J-I~

21:
h7

2.H!
.\ll/':

J2
21.~

.~7

251.
2'1-1
21)(\

21}~



Party(ies) ~

Chile

Cuba

Democratic People's
Repl'hlic of Korea

India

Pakistan
Spain

United Kingdom
Viet NlIm

Tabl;: ., (cont,)

Subject Entry into force INFCIRC

Nudear material 31 December 1974 256
Nuclear material 22 September 1982 304
Nuclear material 18 September 1987 350
Nuclear research reactor 1l.ld

fuel therefor 25 September 1980 298
Nuclear power plant an" nuclear

material 5 May 1980 281
Zero-power nuclear reactur "nd

fuel therefor 7 October 1983 311
Research Reactor and nu~leQr material

for this reactor 20 July 1977 252
Nuclear material. matedal and

facilities 17 Novcrr.....r 1977 260
Nuclear Power Station 27 September 1988 360
Nuclear material 2 March 1977 248
Nuclear material 18 June 1975 221
Vandellos Nuclear Power Plant 11 May 1981 292
Specifled nuclear facililiell 11 May 1981 291*
Nuclear mater'...1 14 December 1972 175
Research reactor lInd fu~! therefor 12 June 1981 293

(C) ARreements concluded with nuclear-weapon States on the bc:sis of voluntary offers

China

France

Union of Soviet Socialist
Republics

United Kingdom

United States of America

Nuclear material in facilities
selected from list ot faciiitics
provided by Chinp.

Nuclear material in facIlities
submiued to safl'iuartf';

Nuclear material in facilities
selected from list of facilities
provided by the U5SR

Nuclear material ir. facilides
designated by the A~ency

Nuclear material in facilities
designated by the Agen'Y

Signed: 20 Sept. 1988

12 September 1981

10 June 1985

14 August 1978

9 December 1980

290

327

263

288

(d) Othl'r ClRreementJ

Argentina/United States of America
Austria~/United States of America
Brazil/Germany, Federal Republic or
Brazil/United States of America
Colombia/United Slates of America
India/Canadad
India/United States of America
Iran, Islamic Republic or/United States of

America
hrael/United States of America
Japan~/Canadad

Japand/France

25 July 1969
24 January 1970
26 February 1976
31 OClober 1968
9 [- •.:ember 1970

30 September 1971
27 January 19~ I

20 August 1969
4 April 1975

20 June 1966
22 September 1972

130
152
237
110
144
211
IS4

127
249

85
171

* Amended in 1985 to cover specified iluclear facililie~. The "mendment entered into force on R November 1985 <lNFCIRCI291/
Mod.1/Corr.1 ).
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Japan/United StatC8 of America
Japan/United Klnadom
Korea, Republic ofl

United States of America
Korea. Republic ort/France
Pakistan/Cam,da
PakistaniFrance
Philippinesd/United States of America
Portugald/United States of America'
South Africa/United States of America
South Africa/France
Spain/Germany, Federal Republic oed
Spain/United States of America
Spain/Canadad
Swedend/United States of America
Switzerlandd/United States of America'
Turkeyd/United "Jlates of America'
Venezuelad/United States of America"

Party(ies)" Subject

Table 7 (cont.)

Entry into force INFCIRC

10 July 1968 119
15 October 1968 12S

5 January 1968 I11
22 September 1975 233
17 October 1969 135
18 March 1976 239
19 July 1968 120
19 July 1969 131
26 July 1967 98
5 January 1977 244

29 September 1982 305
9 December 1966 92

IQ February 1977 247
1 March 1972 16S

28 February 1972 161
5 June 1969 123

27 March 1968 122

le) The Agency also applies safeguards und"r two agreements (INFCIRC/133 and INFCIRC/158) to the nuclear facilities in Taiwan,
China. Pursuant to the decision adopted by the Board of Governors on 9 December 1971 that the Government of the People's
Republic of China is the only government which has the right to represent China in the Agency, the relations between the Agency
and the authorities in Taiwan are non-governmental. The agreements are implemented by the Agency on ~:lat basis.

• An entry in this column does not imply the ellpre.~sion of any opinion whatsoever on the part of the Secretarhlt concerning the legal
status of any country or territory or of its autl'oJrities or concerning the delimitation of its frontiers.

b Agency safeguards are being applied to the items required to be safeguarded under this (these) project agreement(s) pursuant to an
agreemp.nt in connection with NPT covering the State indicated.

< The requirement for the application of safeguards under this agreement is satisfied by the application of safeguards pursuant to the
agreement of 12 June 1981 (lNFCIRC/293).

d Application of Agency safeguards under this agreement has been suspended in the State indicated as the State has ('oncll'1ed an agree­
ment in connection with NPT.

• Application of Agency safeguards under this agreement has been suspended in the UnitC(, States of America in order to comply with
a provision of INFCIRC/288.
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Table 8

Facilities under Agency safeguards or containing safeguarded
material on 31 December 1988

A. Power readors

State-

Argentina

Austria

Belgium

Brazil

Bulgaria

Canada

Czechoslovakia

Abbreviated name
of installation

Atucha NPS
Embalse PR

Tullnerfeld

BR3
DOEL·I
DOEL-2
DOEL-3
DOEL-4
Tihange-l
Tihange-2
Tihange-3

Angra-I

Kozloduy-I, Unit I
Kozloduy-I, Unit 2
Kozloduy-II, Unit 1

Kozloduy-II, Unit 2
Kozloduy-III, Unit 1

Bruce A, Unit I
Bruce A' Unit 2
Bruce A, Unit 3
Bruce A, Unit 4
Bruce B, Unit .5
Bruce B. Unit 6
Bruce B, Unit 7
Bruce B, Unit 8
Darlington A
Oentilly-2
Pickering-I
Pickering-2
Pickering-3
Pickering-4
Pickering-S
Pickering-6
Pickering-7
Pickering-8
Point Lcpreau 0.5.

AI
Dukovany-2, Unit I
Dukovany·2. Unit 2
EDU-J, Unit I
EDU-l. Unit 2
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Location

Lima
Embalse

Zwentendorf

Mol
Doel
Doel
Doel
Doel
Tihange
Tihange
Tihange

Angra dos Reis

Kozloduy
Kozloduy
Kozloduy
Kozloduy
Kozloduy

Tiverton
Tiverton
Tiverton
Tiverton
Tiverton
Tiverton
Tiverton
Tiverton
Bowmanville
Gentilly
Pickering
Pickering
Pickering
Pickering
Pickering
Pickering
Pickering
Pickering
Point Lepreau

Bohunice
Dukovany
Dukovany
Dukovany
Dukovany

Subsidiary
arrangements

in force

x

x

x
x
x
x
x
x
x
x

x

x
x
x
x
x

x
x
x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x

x
x



Table 8 - A. Power reactors (cont.)

Abbreviated name
Subsidiary

State'
of installation

Location arrangements
in force

Czechoslovakia (cont.) Y-I. Unit I Bohunice x
Y-I, Unit 2 Bohunice x
Y-2. Unit I Bohunice x
Y-2. Unit 2 Bohunice x

Finland Loviisll-I Loviisa x
Loviisa-2 Loviisa x
TYO·I Olkiluoto x
TYO-2 Olkiluoto x

German Democratic Republic Bruno Leuschner-I. Unit 1 Greifswald x
Bruno Leuschner·l, Unit 2 Greifswald x
Bruno Leuschner-U, Unit I Greifswald x
Bruno Leuschner·U, Unit 2 Greifswald x
Bruno Leu5chner-lII, Unit .5 Greifswald
Rheinsberg PWR Rheinsberg x

Germany, Federal Republic of AYR JUlich
GKW Grohnde Grohnde
GKN-2 Neckarwelllheim
KKW Biblis-A Biblis x
KKW Biblis-B Biblis x
KKW Brokdorf Brokdorf
KKW BrunsbUttel B\ unsbilttel x
KKW Emsland Lingen
KKW Grafenrheinfeld Grafenrheinfeld
KKW!sar Ohu bei Landshut x
KKW Isar-2 Essenbach
KKW KrUmmel Geesthuchl
KKW MUlheim·Kiirlich MUlheill'-Kiirlich
KKW Neckarwestheim Neckarwestheim x
KKW Obrigheim Obrigheim x
KKW Philippsburg-l Philippsburg x
KKW Philippsburg-2 Philippsburg
KKW RWE-Bayemwerk 11, Block B Gundremmingen
KKW RWE-Bayernwerk 11. Block C Gundremmingen
KKW Stade Stade x
KKW Unterweser Stadland x
KKW WUrgassen Wilrgassen x
KFK-MZFR Eggenstein-Leopoldshafen x
KKW SNR-300 Kalkar
KNK Eggenstein-Leopoldshafen x
Thorium Hochtemperatur Rcaktor Hamm
YAK-KAHL Kahl x

Hungary PAKS-I, Unit I Paks x
PAKS-I, Unit 2 Paks x
PAKS-II, Unit I Paks
PAKS-II. Unit 2 Paks
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Table 8 - A. Power reactors (I;ont.)

State'

Indiu

hilly

Jupan

Abbrel'illted name
of inlllll1ll1tion

RAPS Unit 1
RAPS Unit 1
TAPS Unit \
TAPS Unit 2

ENEL
C.N. del Ourigliuoo
C. N, Cuorso
C.N. Enrico Fermi

Fugen
Fukushima Dai·lchi-\
Fukushima Dai-lchi·2
Fukushima Ouj-lchi·3
Fukushimll nai·lchi-4
Fukullhimll Olli-lchi·5
Fukushimll Dlli·lchi·6
Fukushimll Dui·Ni·1
Fukushima Dlli·Ni-2
Fukll~'himll Dai·Ni-3
Fukushimll Dlli-Ni-4
Genklli-l
Genkai·2
Hllmlloku·l
Hamaokll-2
Hamaoka-3
Ikata-I
Ikata-2
JPDR
KIIshiwllzaki-1
KllShiwlllllki-S
Mihamll-l
Mihamll·2
Mihllma-3
N,S. Mutsu
Ohi-I
Ohi·2
Onl:lgllwa-l
Sendai-I
Sendai-2
Shimllne-I
Shimllne-2
Tllklll,,,mll·1
Tllkllhllmll-2
Takahamll-3
Tllkuhllma-4
Tokai-I
Tokui-2
Tomuri·1
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Lm:lltion

Rajasthan
Rlljllllthan
Tllrllpur
Tarapur

Borio-Sablltino
Sessll Aurun..:u
Cuorso
Trim1 • Vcrcellcse

Tsurugll-Fukui
Okurull·Fukushimll
Okuma·Fukushimu
Okumll-Fllkullhimu
Okuma-Fukullhimll
Okumll·rukushimll
Okuma-Fukushimll
Nllraha-Fukushimll
Nara\'la-Fukushimu
Nllrahll-Fukushimu
Nuraha-Fukushimu
Kyushu
Kyushu
Hamaoku-..:ho
Hamuoku-cho
Shizuoku-ken
Nisr.iuwu-gun
Nishiuwu-gUll
Toklli-Murll
Niigutll
NiiglllU
Mihllmu-rukui
Mihllmll-Fukui
Mihllmll-Fukui
Minllto-Muchi MUlsu
Ohi-cho. Fuklli-~..:n
Ohi-cho, Fuklli·kcn
TsukuhlW11I
Sendui
Sendlli
KlIshimu-cho
Kushimll-~'ho

Tllkuhllntll
Tllkllhllmu
Tllkllhamu
Tukuhumu
Toklli·Murll
Toklli-Mura
lwanai

Sui,sidiury
IIrrungements

in force

x
x
x
x

x
x
x
x
x

"x
x
x
x
x
x
x
:<

x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x



Tllble 8 - A. Power reactorll (cont.)

Jupan (I:onl.)

Korea. Republic of

Ml:xico

Nl:lherlunds

Pakistan

Philippines

South Africa

~·rain

Sweden

Abbreviatcd namc
of instllllation

Tsuruga-\
Tsuruga·2

Kori·l
Kori·2
Kori-)
Kori·4
Yuungwllng \
Youngwang 2
Uljin·\
Uljin·2
Wolsung·t

Laguna Verde I

Borssc\e
Dodewllurd NPP

KANUPP

PNPP·\

Koeberg·1
Koebcrg-2

Almura/.-\
Almaral·2
Ascn·\
Ascn-2
Cofrenles
Josl! C'abrera
Lemoni/-I
LCll1oni,·2
Sanla Mada de Garona
Trillo·\
Vandellos
Vandellos 2

Bursl:hikk I
Barsehikk 11
Forsmark I
Forslllllrk 11
Forsmark III
Oskurshamn I
Oskarshumn 11
Oskarshallln III
Rillghals \
Ringhals 11
Ringhuls 111
Ringhuls IV
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Location

Tsuruga
Tsurugs

Pusan
Pusan
Pusan
Yllngsllm
Pusan
Pusan
Uljin
Uljin
Ulsan

Alto Lucero

Borsselc
Dodewaard

Karachi

Morong. Bataan

Cape Town
Cape Town

Almaflll
Almaraz
Aseo
Asco
Cofrenlcs
Almonal.id de ZoritB
Lemoniz
Lemo.tiz
Santa MarCa de Gamml
Trillo
Vandellos
Vandellos

Malmo
Malmo
Uppsala
Uppsaia
Uppsalll
Oskurshllmn
Oskarshllmn
Oskurshnmn
Oi\lehurll
Gilteborg
r,iltchorll
Giilchorg

Subsidiary
ar' anllcments

in forcc

It

X

It

x
It

x
It

X

It

X

X

X

It

It

x
x
x
x
I(

x
x

I(

x
x
x



Table 8 - A, Power reaClofll (conI,)

State'

Switzerland

Uniun uf Soviet Socialist Repuhlics

Yugoslavia

Abbreviated name
of installation

KKB-I
KKB·II
KKO
KKL
KKM

Novo Voronezh Unit :11

Ktsko

Location

Beznau
Beznau
06sgen·Dltnlken
Lelbstadt
MUhleher¥

Novo Voronezh

Subsidiary
arrangements

In force

B. Research reactors and critical ast1embll~s

State'

.'\ rgenl inil

Australia

Austria

:Jangladesh

Belgium

Brazil

Bulgaria

Canada

Abbreviated name
of instollotion

RA-J
RA·:!
RA-)
RA·4
RA·6

HIFAR
MOATA
CF

ASTRA
SAR
Triga 11

Atomic Energy Research Est.

BRm
BRI-eRN
BR2·CEN
CRN-Venus
Thetis

JEAR·I
RIEf'-1
Triga·CDTN

IRT·2000

McMaster
NRU
NRX
PTR
S/owpoke-AEL'L

14

Location

Constituyentes
Constituyentes
Ezeiza
kosario
Bariloche

Lucas Heights
Luclls Heights
Lucas Heights

Scibersdorf
Gral
Vienna

Ganakhltri Savar Dhaku

Mol
Mol
Mol
Mol
Gent

Suo Paulo
Rio de Janeiro
Belo Horizonte

Sofia

Hamilton
Chalk River
Chalk River
Chulk River
OUawu

C)ubsidiary
Rrrangements

in force

x
x
x
x
x

x
x
x

x
x
x

x
x
x
x
x

x
x
x

x
x
X

It

X



Table 8 - B. Research reactors and critical assemblies (cont.)

Cllnada (cont,)

Chile

Colombia

Czecholllovakia

Democratic Peopll:'s Republic
of Korea

Denmark

Egypt

Finlulld

German Democratic Republic

Germllny. Federlll Republic of

Abbreviated name
of Installation

Slowpoke·Dalhousle Unlv,
Slowpoke·Scole Polytechnique
Slowpoke·Saskatchewan
Slowpoke·Toronto University
Slowpoke·Unlv, of Alberta
Slowpoke·Klngston
WR·I
ZBD·2

La Reinll
La Aguirre

IAN·RI

LR-O
SR-OD
Univ, Training Reactor VR-I P
VVR-S

Critical assembly
IRT·DPRK

DR-I
DR-3

Nuclear Research Centre

Triga 11

RAKB
RRR
Traininll Reactor AKR
Trllining resellrch reactor
WWR-S M

FMRB
FRF·2
FRM
GKSS-FRGI
GKSS-FRG2
KFA·FRJI
KFA·FRJ2
SUR 100
SUR ilK)
SUR 100
SUR ilK)
SUR ilK)
SUR ilK)
SUR lOO
SUR IlX)
SUR 100
SUR ((Xl

SUR lIXI

Location

HalifllX
Montreal
Saskatoon
Toronto
Edmonton
Kingston
PinllWll
Chalk River

Sllntiallo
Santillgo

BOglll'

Re!
Vochov
Prague
Rd
Nyonphylln
Nyonphyon

Roskilde
Roskilde

Inshas

Otanierni

Rossendorf
Rossendnrf
Dresden
Zillau
Russendurf

Braunschweig
Frankfurt
Garching
Ceeslhuchl
Gccsthuchl
Julich
JUlich
Brell1cn
Eggcnslcin-Lellpoldshufcn
Hunnnvcr
Kicl
Humburg
lJl:l1

Slullgun
Gurl'hing
Furtwanllcn
Durll1stlldl
AUl'hL'n

Subsidillry
arrangements

in force



Table 8 - B. Research reactors and critical assemblies (cont.)

Germany I Ftderlll Republic of
(cont.)

Greece

Indonesia

Iran. Illlllmic Republic of

Irllq

Isrllel

Italy

Jllmllica

Japan

Abbreviated name
of installlltlon

Trlaa
Trlaa
Triall 11

BBR·2
SUR lOO

GRR·I

Trllinina reactor
WWR·S M
ZR·6

Gama
MPR·30
PPTN

TSPRR

IRT·~OOO

Tllmuz·2

IRR·I

AGN·201
CBSNEF-L~4

ESSOR
Impian".e Pec del CNR
RB·3
RTS·I
TAPIRO
Trigll·RCI
Triga·2

Centre tor Nuclellr Sciences

DCA
FCA
HTR
JMTR
JMTR-CA
JOYO
JRR-2
JRR·3
JRR·4
Kinki University R.R.
KUCA
KUCA
KUCA
KUR
MUSllshi College R.R.
NAIO-CA
NSRR
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location

Malnz
Hannover
Heldelberg

Berlin (West)h
Berlin (West)b

Alliki

Budapest
Budapest
Budllpest

Yosyakarta
Serpona
Bandung

Teheran

BQshdad TUWllithll
Baghdad Tuwaithll

Soreq

Palel'll10
Milan
Ispra
Brllsimone. Bolll¥na
Montecuccol ino
Slln Piero a Orlldo
Santa Mllrill di Glllerill
Santa Maria di Glllerill
Pavill

Kingston

Ollrai-Mllchi
Toklli-Murll
Kllwllsllki-shi
Ollrai-Machi
Oarai-Machi
Oarai-Machi
Tokai·Mura
Tllkai-Murll
Tnkai-Murll
Kllwakc
Kumatllri-chn
Kumatnri-chn
Kumatllri·chn
Kumatori-chll
Kllwllsaki
J<llwasaki·ku
Toklli-Mura

Subsidiary
arranaements

In force

x
x
x

x
x

x
x
x

x
x
x

x

x
x

x

x
x
x

x
x
x

"x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x



Table 8 - B, Research reactors and critical assemblies (cont.)

SllIte l

Jllplln (cont.)

KorCll. Republic of

LibYlln Arllb Jllmllhiriylt

Mltlllysilt

Mexico

Netherlllnds

NorWllY

Pnkistlln

Peru

Philippines

Polund

Portugal

ROllluniu

SlIulh Africa

Spain

Swcd~'n

Swil/crland

Abbreviated nllme
of Inslllllation

Rlkkyo University R.R,
TeA
TODAI
TTR
VHTRC

Triglt 11
Triglt III
Kyunll-Hee Univ.

IRT-TQjuru

Pusputi

Trigu
SUR lOO

HOR
HFR
LFR

HBWR-Huh.len
JEEP-II

PARR

Ccntru nudo de investiglldones
Rp·O

PRR·I

Aglltu
Annu
Ewa
Muriu
Muryla

RPI

RP-OI
Trigu 11
VVR-S

SAi<ARI·1

ARBJ
AROOS
CORAL-I
JEN-I and JEN·2

R2
R2·()

AON 201 P
AON 211P
('ro~'u~
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Location

Nllgltllltkll
Tokai·Murlt
Tokai·Mura
Kawallakl·shi
Toklti·Mufll

Seoul
Seoul
Seoul

Tlljurll

Bltngi I Selltngor

OCOYOllCItC
Mexico City

Dett,
Petten
Petten

Hlllden
Kjcller

Rltwlllpindi

Sllll Borjll
Limu

Dilil11ltn, Que/.on City

Swierk
SWierk
SWlcrk
Swicrk
Swicrk

Sucll\'cm

Mllgurele
Pite~ti ('olihu~i

Mugurele

Pclindubll

Bilbuo
Barcelona
Mudrid
M"drid

Sludwik
Studsvik

Genc\'"
Rascl
LaUSillllll'

Subsldillry
IIrrangements

In force

x
x
x
x
x

x
x
x

x

x

x
x

x
x
x

x
x

x

x

x

x
x
x
x
x

x
x
x

x
x
x
'(

x
x

'(

x,



Table 8 - B. Research reactors and critical assemblies (cont.)

S\lIte~

Switzerland (cont.)

Thaihmd

Turkey

Union uf Sovict Socialist Republics

Uruguay

Venezuela

Viet Num

Yug.oslavia

Zaire

Abbrevhlled name
of installation

Proteus
Saphir

TRR·J

TR·I
JTU·TRR

JR·8 Research Reactor

L.ockheed

RV-J

Da-Lat Research Reactor

RA
RB
Triga JJ

Triga·Zaire

Location

WUronlingen
WOrenlingen

Banakok

llItanbul
Istanbul

Moscow

Montevideo

Altos de Pipe

Da Lat

Vin~a

Vin~a

Ljubljana

Kinshasa

Subsldhu)'
arranaoments

in force

C. Conversion plants. hlciuolnK pilot plants

Abbreviated name
Subsidiary

Stutc·1

of installation
Location arrangements

in force

Argcntina UO~ Conversion Plllnt Cordoba
Uranium Powders Fabrication Plant Constituyentes

Canada Eldorlldo Resources Lld. Port Hope x

Japan Jupan Nuclear Fuel
Conversion Co. Lld. Tokui-Murll x
Ningyo R + 0 Ningyo x
PCDF Tokai-Mura
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D. Fuel fabrication plants, Includlnl pilot plants

Abbreviated name
Subsidiary

State·
of lnlltallation

Location arrangements
in force

Argentina Atucha Fuel Fabriclltion Plant Ezeizll
Fuel Fabrication Plant (CANOU) Ezeiza
Pilot fuel Fabrication Plant (HEU) Constituyentes x
Research Reactor Fuel Fab, Plant Constituyentes

Belgium Belgonuclc~aire·BN·MOX Dessel x
FBFC Dessel x
FBFC MOX Assembling Fucility Dessel

Brazil Fuel Fabrication Plllnt Resende Resende x

Canada COE Peterborough x
CGE Toronto x
CRNL Fuel Fabrlclltion Chalk River x
WCL Pon Hope x

Denmllrk Metallurgy Roskilde x

Germany, Federal Republic of ALKEM Hanllu x
Exxon Lingen x
NIJKEM Wolfgang x
RBU-I Wolfgang x
RBU-2 Kurlstein x

India NFC Hydcrablld x

Indonesill Experimentul Fuel Element
Instlllllltion (IERE) Serpong x

Research Reactor Fuel Element
Production Instullation (IPEBRR) Serpong x

Iru4 ERLFF Baghdad Tuwllithu x

Huly COREN Suluggiu x
rubnuc Bosco Marenllo x
IFEC Suluggiu x

Jupun JNF Yokosuku x
MNF Tokai-Muru x
NFI (Kulllutori-l) KUlllalori. Osuku x
NFI (Kullluturi-21 KUlllalllri, Osaka x
NFI (Tokail Fuel Fabricatioll Tllkui-Mura x
PFPF Tokai-Mura x
PPr'" Tokai-Mura x

Korea, Republil' of Fuel Fabrication Pilot Plant J)aejeon x
LElI Fuel Fahriclllion I>aejcon '\

Romania ROlllfuel Pite~ti Coliha~i x

Spain Plallta Metal!. Juan Viglll1 Rl'S. t'. Madrid x
Fuel Fahricatiol1 Plant JU7.blllhl Salal1H1l1l'a x

Sweden ASEA-ATOM Viistcras x

Unitcd Statl's (iclll'ral Elcl'tl'll' \0. Wilmil1p.lol1. N.t'. ,
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E. Chemical reprocesslnll plants, Including pilot plants

State'

Germany I Federal Republic of

India

Italy

Japan

Spain

Abbreviated name
Subsidiary

of installation
Location arrangements

in force

WAK EggenstelnoLeopoldshafen

PREFRE Tarapur "
EUREX Saluggia "ITREC-Trisaia Rotondella "
Tokai Reprocellsing Plant Tokai-Mura "
Juan Vigon Research Centre Madrid "

F. Enrichment plants, IncltJdlna pilot plants

Brulil

Germany. Federal Republic of

Japan

Netherlands

United Kingdom

Abbreviated name
of installation

Sep. NOl. Enrichment Plant

Uranit'"
URENCO Deutschlund. UTA-I

Uranium Enrichment F-lunt

Ultra-Centrifuge'"
URENCO Nederland

BNFL Centrifuge plunl and
associated storage

Location

Resende

JUlich
Gronuu

Ningyo

Alme!o
Almelo

Cupenhurst

Subsidiury
urrungements

in force

'" Locution ussociated with enrichment technology.
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G. Separate storage facilities

Abbreviated name
Subsidiary

State l

of installation
Location arrangements

in force

Argentina Storage depleted hexatluoride Bariloche
Storage of 209£ enriched uranium Cac

Belgium BN UF6 store Dessel x
Belgoprocess Mol x
FBFC DeSllel

Canadu Bruce A Tiverton x
Bruce B Tiverton x
CRNL Chalk River x
Douglas Point Tiverton
Oentilly·l Oentilly x
Long term storase at CRNL Chalk River
Pickering Pickering x
WNRE Pinawa x

Chile Lab. experimental de conversion Santiago

Czechoslovakiu AfRS Bohunice

Denmark RIS0 Store Roskilde x

Finland Long term storage for TVO Olkilouto

France COGEMA UP2 spent fuel storage
ponds La Hague

Germun Demo~'ratic Republic Interim storage facility for spent Lubmin
fuel assemblies

Germany, Federal Republic of Braunkohle Wesseling x
Bundeshlger Wolfgang
Ruon Nucleur UF6 Lageranlu~e Lingen x
KFK-FR-2 Eggenstein-Leopoldshafen
Lager 11 Leese Landesbergen-Leese
KFA JOlich Lager f. bestr.

AVR Kugeln Jiilich x
Transnukleur Halle Hanau
lIrananlage Birkenfeld x

Ira4 Scparate storage facility Baghdad Tuwuithu x

Italy Avogadro Saluggia
J)eposito ProdOlli Uraniferi Bosco Marengo x
Ispra Central! Storage Ispro x
Lub. di Mi~uru Nucleare Perla Ispru

Japan KUFFS Kyoto x

Luxcmhourg Internationul Metals S.A. Luxembourg· Dommcldange

Pakistun Stllrullc al Government depot Kurachi Mull,' x

Portugul Instalal,'iio de Armalcnugens Sll~'llvem x

Swcden Central long term storage Oskurshumn

Swit/.erlunu Diurit Storuge Wilrenlingrn x

Unitcd Kingdom BNF PLC Store q Sellufield
Sellutielu Pu-slorage SellafielJ x
Oxide Fuel Storage Pond Sellafil'1d ,
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H. Other facilities

I,I

Arllcntina

Australia

Belgium

Canada

Clecho~lovukia

Germun Democratic Republk

Germany. Federal Republic of

Hungary

Italy

Japan

Korea. Republic of

:"l\:lhcrlamh

Abbreviated name
of installation

Labo. de CalificacilSn

Res~arch Laboratory

BCMN
CEN·Labo
CEN-WASTE
I.R.E.
PULAB

Physics. Chemistry. Fuel Eng.•
Health Phys .• R+D

Nuclear Fuel Inst. (UJPl
Research Laboratories

Hot~'ell Plant

Uran Technikum

KFA-hei~se Zelhm
KFK-IK/I
KFK-heisse Zellen
KFK/IHCH
KFK/IMF3
KWU-heisse Zellen
Lab. d. KFA JUlich
Transuran

Institute of Isotopes

CNEN-LAB. PU.
CNEN-LAB. TEe.
ESSOR
Joint Research Centre

JAFRI-Oarai R&D
JAERI-Tokai R&D
MHI-FL
Mitsubishi Atomic Power Industries
NERL. University of Tokyo
NFD
NFI Tokai 11
NRF Neutron Radiation radlit)'
PNC rMF
PN, IRAF
PNC-()arai R&D
PNC Tokai R&D
Uranium material lahoralory

PIEF

HeN +JRC
Kcma Lah.
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Location

Constituyentes

Lucas Heights

Geel
Mol
Mol
Fleurus
Mol

Chalk River

Zbraslav
Rei.

Roskilde

Rossendorf

Julich
Eggenstein-Leopoldshafen
Eggenstein-Leopoldshafen
Eggenstein-Leopoldshafen
Eggenstein- Leopoldshafen
Kllrlstein
Julich
Eggenstein-Lcopoldshalcn

Budapest

Santa Maria di Galeria
Santa Maria di Galcria
Ispra
Ispra

Oarai-Machi
Tokai-Mura
Tokai-Mura
Tokai-Mura
Tokai-Mura
Oarai-Mllchi
Tokai-Mura
T~ukuha

Oarai-Machi
Oarai-Machi
Oarai-Machi
Tokai-Mura
()arai-Ma~'hi

Dacjcon

Pellen
Arnhcm

Subsidiary
arrangements

in force

x

x
x

x
x

x

x
x
x
x
x
x

x

x
x

x
x
x

x
x
x
x

x

.'1

),

x
x



Table 8 - H. Other facilities (cont.)

Abbreviated name
Subsidiary

Stlale·
of installation

Location arrangements
in force

Norway Research laboratories Kjeller x

Poland Institute of Nuclear Research SWierk x
Miscellaneous locations combined Various x

in one material balance area

South Africa Hot Cell Complex Pelindaba

Sweden Central storage fresh fuel Studsvik x
RO Studsvik x

Switzerland Fed. Inst. of Reactor Research WOrenlingen x

J. Non-nuclear Installations

State"

Argentina

Abbreviated name
of installation

Heavy water plant
Heavy water storage

Location

Arroyito
Buenos Aires

Subsidiary
arrllngeml.nts

in force

• An entry in this column does not imply the expression of any opinion whatsoever on the part of the Secrctariat l'onl'crning thc legal
status of any country or terr,tory or of its authorities. or concerning the delimitation of its fronticrs.

b The Interests of Oerlln (West) are represented within the United Nations system by the Federal F~public of Germany.

Note: Thc Agency also was ilpplying ~ilfeguards ill Taiwan, Chinu. at six power rcactors. six rescarl'h real'lnrs·\~tilical assemhlies, nm'
uranium pilot conversion plant. two fuel fabrkation plants and ont' rcscarch and dt'\'clopll1cnt fadlity.
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INFORMATION AND TECHNICAL
SERVICES

International Nuclear Information System
(INIS)

494. Costa Rica, Jordan, Morocco and UNIDO joined
INIS to bring membership to 78 Member States of the
lAEA and 15 international member organizations.

49S. It:. 1988, the input to the INIS database totalled
1069N documents, the highest annual input so far. The
year also set a new record for the volume of IAEA
literature entered into the system, with 2231 items from
the Agency. Non-conventional literature accounted for
25.7% ofthis input. The size ofthe database had reached
1 266 075 records by the end of the year.

496. Except for 0.5%, the input supplied by INIS mem­
bers is in machine-readable form. Twenty-five INIS par­
ticipants provided no input. Overall timeliness has also
improved from 9 to 8 months, which is the best result in
the more than 18 year history of INIS.

497. The INIS database was distributed in magnetic
tape form to 43 Member States.

498. The INIS Clearinghouse distributed about 500 000
microfiches. The number of full microfiche subscrip­
tions remained at 37. By the end of the year, the collec­
tion of microfiche masters numbered over 225 000
documents (300 000 microfiches).

499. The computer-oUlput-on-microfiche (COM) sys­
tem has been put inro operation, producing semi-annual
and annual cumulative indexes, back issues and current
issues of INIS Atomindex and INIS Reference Series
publications on microfiche. COM operations are sig­
nificantly reducing the INIS printing costs, saving a
noticeable amount from the regular budget.

Soo. The evaluation of the INIS database on CD-ROM
(Compact Disk-Read Only Memory) was made by INIS
Liaison Officers. Their feedback was thoroughly
analysed and verified. The necessary ch..nges wili be
made in the database design, software and user's
manual. The first issue of the INIS database on CD­
ROM is planned for April 1989.

5UI. Revised versions of "INIS: Descriptive Catalogu­
ing Rules·, "INIS: Descriptive Cataloguing Samples",
"I!"IIS: Terminology and Codes for Countries and Inter­
national Organizations", "INIS: Authority List for Cor­
porate Entries and Report Number Prefixes", "INIS:
Specifications for Machine-Readable Data Exchange",
"INIS: Authority List for Journal Titles" and "INIS:
Thesaurus" were issued in the INIS Reference Series. A
new manual entitled "INIS: Guidelines for Standardized
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Entry of Corporate Bodies" was completed for publica­
tion by the end of 1988.

S02. The 16th annual consultative meeting of INlS
liaison officers was held in Istanbul, Turkey, and 58
Member States and international organizations par­
ticipated.

S03. The regional seminar for European INIS experts
was held at the Fachinformationszentrum Karlsruhe
(Federal Republic of Germany) in June. It was attended
by 15 participants from 13 INIS members. The INIS
regional training seminar for Asia and the Pacific was
held in Beijing, China, in October and was auended by
17 participants from 9 INIS members and 37 obselvers
from Chinese institutions using INIS output products.

Agricultural Information System (AGRIS)

504. In autumn 1988 a new agreement between IAEA
and FAO was signed. The new agreement is based on the
previous one but has been updated with reference to
technical developments and will be valid until explicitly
cancelled by one of the parties.

50S. In November 1988, the database reached the 1.5
million mark; 130 national and 17 internationallregional
organizations participate in AGRIS.

506. Some 107 000 document references were
processed in 1988, 15% with abstracts. A GROVOe, the
multilingual thesaurus of agricultural terminology, is
being modified considerably. Hierarchies are being
changed, and agricultural commodities introduced.

S07. The tendem..1' to use floppy disk as input medium
continues, 39 centres send their input in this format,
most of them using UNESCO's Micro CDS/ISIS
database system.

508. Retrieval services continued to be provided with
about 600 retrospective searches and 600 SDI profiles.

Computer services

509. At the central computer site, utilization of the IB M
3083 computer (dedicated to Safeguards data process­
ing) and of the IBM 3081 (shared by other users) during
prime operating hours increased by 13% and 3H~l

respectively over 87 actuals. At the beginning of 19&! a
speed and memory upgrade of approximately 40% wa~

made to both CPUs to handle the planned increase in
utilization. Upgrades to the operating software were
applied lo allow better performance tuning in order [()
handle the increasing demand for on-line processing.

510. By the end of the year, approximately 1000 work
stations (word processors, personal computers, local
printers and lerminals connected to the cenlral com-



pUler) were available in user areas - about 150 more
than at the end of 1987.

511. The shared mainframe computer was connected to
EARN (European Academic and Research Network)
to provide external electronic mail sevices to the Agency
Secretariat, including the staff of the International
Thermonuclear Experimental Reactor (ITER) project
based in Vienna.

512. Linkage to the international Global Telecom­
munications System of the World Meterological Or­
ganization went into production as part of the
implementation of the Agency's Nuclear Emergency
Response System (ERS) for transmitting messages in
the event of a significant nuclear accident

513. As an initial step in providing improved data and
physical sec;lrity, a halon fire suppression system was
successfully installed and tested in the main computer
room areas.

514. On-line access to the Power Reactor Information
System (PRIS) on the Agency's mainframe computer
was successfully implemented at the Nuclear Informa­
tion Centre in Prague.

515. In the application area, distributed on-line data
access was implemented on a trial basis for the PRIS;
software was developed to produce research reactor
publications; a personal computer based system on a
local area network was developed for the Department of
Technical Co-operation expert post control; a publica­
tions sales invoicing system was implt:mented and an
inquiry system and post history database was imple­
mented in the Division of Personnel.

516. Use of office automation facilities within the
Division of Technical Assistance and Co-operation has
been extended to approximately 30 additional ~:aff

members.

517. During 1988. the amount of computer train;ng
provided to Agency staff increased by about 611 c i over
1987 levels, without any increase in the O\'crall number
of training staff.

Library services

518. Forty-two new films were added III Ihe vie
Library'!. film collection; the majority are on the peace­
ful uses of atomic energy and were donated by Memher
Slales. Some 304 films wcre Icnt to 92 inslilutiolL~ in
Member Statc:~ and were viewed hy .1HO() people.

519. The Library'~ publication programme resumed
with the "Film Catalogue" and "Serial Tilb", The VIC
Library Calalngue was made availahle on microfiche.
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Access to the documents collection was improved by the
Library's on-line use of the UNBIS database, created by
the United Nations Dag Hammerskjold Library, as a
major index la its documents collection.

520. Library training and tours were provided to 107
official visitors. Technical assistance was provided by the
Library to the United Nations Commission on Interna­
tional Trade Law in the automation of their library
catalogue, to the UNIDO Industrial Information Sec­
tion mission in the automation of the Algeria!}
Entreprise Nationale d'Organisation et d'Information
(ENORI) library and documentation facility, and to the
USSR State Public Library for Science and Technology.

521. The number of active exchange agreements with
other institutions increased to 152, with the result that
519 books and 1863 serial titles were received by the
Library free of cost.

522. The number of volumes in the book collection
increased by 3199 to 76929. The number of current titles
in the jour~al collection stood at 4161:\ at the end of the
year. The library collection of United Nations docu­
ments contains over I 069 000 items; 45 000 of which
were added during the year. Technical reports in
nuclear science and engineering increased by 20000 to

over 571 000 titIes.

523. The Library lent 10 204 books and over 1000 tech­
nical reports and documents from the collection of
United Nations documents; 2769 reference questions
were dealt with, 25 355 journal issues were circulated.
Through an active interlibrary loan programme the
Library borrowed 3692 books and journals for staff and
responded to over 3500 requcsts from otber libraries.

Scientific journals

524. Twelve regular issues of "Nuclear Fusion" were
published, in which the following reviews are of par­
ticular importance:

(i) Exccutive summary of INTOR-Phase Two A,
Part III (IAEA Workshop 1985-H7) (issue 4);

(ii) Special Topic "Progress in stellaralor,'heliotnm
research: IQHI-86" by B.A. Carreras et al. (issue
9); and

(iii) Rcview papa "Field revcrsed configurations" hy
M.Tuszewski (issue 11).

525. Preparalions for the si:"th edition of lhe Supple­
ment "World Sum:y of Activities in Contmlled Nuclear
Fusion Resear('h" have started, The material has heen
prepared and que:-.lionnaires senl OUI to cOI1lribulors.



ADMINISTRATION

Legal Affairs

Amendment to Article VIAl of the Statute

526. The amendment to Article V~A1of the Agency's
Statute providing for the designatiO!l by the Board of
C-overnors each year of the ten - instead of nine ­
Member States "most advanced in the technology of
atomic energy including the production of source
materials" had been accepted by 68 Member States by
the end of the vear. The amendment will come into force
when it has b~en accepted by two thirds of the Member
States in accordance with their respective constitutional
requirements.

Conventions relating to nuclear accidents

527. The Convention on Early Notification of aNuclear
Accident12, which entered into force on 27 October
1986, was ratified by 11 States and acc~ded to by 1 State
and 1 international organization during 1988. Al­
together, there were 72 signatories and 32 parties by the
end of the year.

528. The Convention on Assistance in the Ci>..;e of a
Nuclear Accident or Radiological EmergenC)'13, which
entered into force on 26 February 1987, was ratified by
11 States and acceded to by 1 state and 1 international
organization during 1988. Altogether, there were 70
signatories and 28 parties by the end of the year.

Physical Protection Convention

529. The Convention on Physical Protection of Nuclear
Material14,which entered into force on 8 February 1987,
was acceded to by 2 States during 1988. By thl. end of
the year, 46 States and EURATOM had signed the
Convention and 24 States were party to it.

Agreements relating to liability for nuclear
damage

530. The Joint Protocol Relating to the Application of
the Vienna Convention and tbe Paris Convention deal-

12 Reproduced in document I~FCIRCi335.

13 Reprodl.lced in document I:'\FCIRC/336.

14 Reproduced in document I:'\FCIRC274/Rev. 1.

86

ing with civil liability for nuclear damage was adopted
and opened for signature at the international con­
ference jointly organized by the OECD/NEA and the
IAEA on 21 September 1988. It extends to States par­
ties the coverage of the Paris and the Vienna Conven­
tions and resolves potential conflicts of law which could
result from the simultaneous application of the two
Conventions to the same nuclear accident. By the end
of the year, 20 States had signed the Joint Protocol.

531. The Vienna Convention on Civil Liability for
Nuclear Dar.::age, whkh entered into force
on 12 November 1977, was signed by one more State
during 1988. By the end of the year, there were 10
signatories and 10 parties.

532. Preparation was under way of an updated edition
of Legal Series No. 3, listing agreements registered with
the Agency, to be published in 1989.

Regional Co-operative Agreement

533. By the end of the year, 14 States had notified their
acceptance of the new Regional Co-operative Agree­
ment for Research, Development and Training Related
to Nuclear Science and Technology (RCA) that entered
into force on 12 June 1987.

Nuclear legislation advisory services

534. Advice on nuclear legislation and regulatory ac­
tivities was provided to China and to Tunisia to supple­
ment the advice prcvided in 1987.

Matters relating to nuclear safety

535. In response to a suggestion made at the thirty-first
session of the General Conference, the Agency con­
tinutd to compile and systematize the texts of bilateral,
regional and multilateral agreements relating to co­
operation in the field of nuclear safety to be published
in the Agency's Legal Series in 1989. On the basis of
replies received from some 45 countries, the compila­
tion will include the texts and other materials covering
more than 100 agreements.



536. Preparatory work was undertaken pursuant to
Resolution GC(XXXII)/RES/490, in which the General
Conference requested the Director General to establish
a representative technical group of experts with the
objective of elaborating an internationally agreed code
of practice for international transactions involving
nuclear wastes.

Finance

537. On the basis of an exchange rate of 14.20 Austrian
Schillings toone United States dollar, the General Con­
ference appropriated an amount ofS137 337000 for the
Regular Budget. This amount had to be adjusted in
accordance with the adjustment formula presented in
the attachment to resolution GC(XXXI)/RES/476 in
order to take into account the exchange rate actually
experienced during the year - 12.21 Austrian Schillings
to one United States dollar.

538. The Regular Budget for 1988 at an exchange rate
of 12.21 Austrian Schillings to one United States dollar
amounted to $156 182000, of which $146 838 000 was to
be financed from contributions by Member Stateg on the
basis of the 1988 scale of assessment, $5 366000 from
income from work for others and $3 978 000 from other
miscellaneous income.

539. The actual expenditures in 1988 amounted to
$147078169, resulting in an unencumbered balance of
$9103831.

540. The target for voluntary contributions to the
Technical Assistance and Co-operation Fund in 1988
was established at $38 milIion. At the end of the year,
$32710 534 had been pledged by Member States in
support of the technical assistance programme.

541. A total of $24 748 606 was offered in ex­
trabudgetary contributions by Member States, the
United Nations and other international organizations
during 1988. Of this amount, $9718173 was for techni­
cal assistance projects, $5 707 909 was for the Third
World Academy of Sciences, $3873647 was in support
of safeguards, $1 832462 was for projects in the field of
food and agriculture, and $1 735 020 wa., in support of
Funds in Trust. The remaining $1 881 395 was in sup­
port of various other projects implemented by the Agen­
cy.

542. In addition, extrabudgetary resources amounting
to $12624966 were donated for the International Centre
for Theoretical Physics and $649 500 for the Interna­
tional Laboratory of Marine Radioactivity.

Public Information

543. In response to high levels of interest among the
public, the media and IAEA Member States, public
information activities in 1988 focused on several key
areas, notably international safeguards and nuclear
safety and radiation protection. Two meetings with
journalists were convened - one was the Journalist
Encounter on IAEA safeguards and nuclear non­
proliferation preceding the General Conference session
in September 1988; and the other was the Journalist
Seminar on radiation in perspective in December.
These brought together leading international jour­
nalists and experts at the IAEA and other organizations
for an exchange of views and briefings to foster greater
awareness and understanding of technical subjects and
the Agency's role in them.

544. A non-technical, layman's version of the IAEA
Annual Report, entitled "Facts about the lAEA", was
produced for the first time and distributed at the 32nd
regular session of the General Conference; it will be
updated regularly. Other information material, includ­
ing brochures, pamphlets and press releases, was
prepared and distributed in response to events and re­
quests from the public, the media, international or­
ganizations and others. Staff of the Division aiso
contributed commissioned articles and reports on
lAEA symposia and other meetings, especially those
featuring safety related topics, to technical and semi­
technical magazines having a wide readership.

545. The IAEA's main worldwide circulation peri­
odicals - the IAEA Bulletin and IAEA Newsbriefs ­
were produced at quarterly and monthly intervals,
respectively.IS In addition, another bimonthly peri­
odical, IAEA News Features, was introduced during the
year with five editions published on selected topics of
imerest, i.e. nuclear safety, radioactive waste manage­
ment, safeguards, technical co-operation and food ir­
radiation. The IAEA Topics, newslelter format,
non-tcchnical versions of technical documents, was also
introduccd.

15 In co·operallon With contractors In :'vlember State•. the (AEA Bulletin IS published 10 SIX language. (ChlOese. Engllsh. french. Japanese.
Rus!>.an and Spanish) and dislrtbuled 10 about 25000 readers worldWide. IncludIng government and IOduslJ)' officials. journallsts and
SCientists. IAEA ~ewsbraefs is published In Engllsh for the news medIa and the general public (about 9000 copies of each issue are
dl!>trabuted); abradged ver5l0ns are translated and publlshed separately in China and Japan.
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546. In the audio-visual field, several technical and non­
technical films were produced: a general imroductory
film "For the Benefit of Humanity", reviewing the
Agency's overall activities over the past three decades,
was completed and distributed to Member States; an
information film on the Agency's communication system
in the event ofa nuclear accident was also completed and
video copies were presented to the delegations to the
General Conference. Assistance was provided for the
production of the training films "Atoms for Animals"
and the" Dosimetry Programme of the IAEA". The film
on safeguards, "Headquarters Vienna", was screened in
full on Soviet television and reached more than lOO
million viewers. Four radio interview programmes were
produced and distributed to radio stations in Member
States.

547. More than lOOO requests and inquiries from mem­
bers of the public were replied to and staff members of
the Division gave lectures and briefings to nearly 70
groups of visitors.

General Services

548. Close co-ordination was maintained with UNIDO
and the other United Nations organizations located at
the VIC on all questions relating to the cost-effective
operation of the VIe complex and the use of common
areas.

549. At the Agency's laboratories at Seibersdorf the
conversion of the existing barn into laboratories and the
construction of a new barn have been completed. In
connection with the planned upgrading of the training

. facilities, the planning was completed and a detailed
breakdown of the estimated cost was provided.
Specifications for a new telephone exchange at
Seibersdorf have been worked out and the relevant of­
fers evaluated.

550. The installation of a Halon fire suppression system
for the computer area was organized and the commis­
sioning has been completed. Technical specifications,
layouts and orders have been prepared for the technical
installations required by the Emergency Response Unit.

551. Close monitoring of telecommunications cost and
adaptation to new technological trends enabled to cope
with the rising volume of messages and to stay within the
available resources.
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552. The documents cullection of the first ten regular
sessions of the General Conference (1957-1966) has
been microfilmed and a computer index prepared to
facilitate information retrieval. The microfilms are
available to Member States as an alternative to paper
copies,

553. An appraisal and review of archives holdings has
been implemented in order to facilitate information
retrieval from records of long term.

554. Purchases of scientific and non-scientific equip­
ment and supplies and expenditures in connection with
scientific and maintenance contracts amounted to
around $1-l.2 million; more than 3300 procurement ac­
tions were involved.

555. Assistance in finding accommodation and advice
relating to housing problems were provided to staff
members of the international organizations located at
the VIe and persons accredited to these organizations.
Over 350 lease contracts were concluded with the help
of the VIC Housing Service.

556. The Commissary, with a range of around 6600
articles, served about 7800 households. Total sales
amounted to approximately AS 283.2 million.

Publishing and Printing Services

557. Almost 160 separate books or journal issues were
published. The net income to the Agency from the sale
of Agency publications was $1 -l17 597 in 1988, com­
pared with $1 -lOO 184 in 1987 and $1 152114 in 1986.

558. The Common Printing Service continued to pro­
vide document and publication printing services for the
Agency and also for LJNIDO and the United Nations
bodies based at the VIe. The incnme from work for
other organizations was $1.68 million in 1988, cnmpared
with $1.55 million in 1987.

559. The output of the Common Printing Service was
216 million page impressions in 1988, compared with
199 million in 1987.

I)ersonnel

560. At the end of \1)88. the numba of members of the
Secretariat was 2079 - 797 in the Professillnal and
higher categories. 115ll in the General Savice category



and 132 in the Maintenance and Operatives Service
categoryt6.

561. Among the 608 staff members in posts subject to

geographical distribution, 77 nationalities were repre­
sented.

562. The fifth traineeship programme for graduates
and junior professionals from devdoping areas, which
began in February 1988, was completed in December
1988. Twelve trainees participated.

563. As a result of improvemenb in recruitment proce­
dures introduced in 1985, vacancies as a percentage of
total person-months represented by established posts
werefurtherreduced - t05.76c i (in 1987 thefigure was
6.77C{).

564. The percentage of female staff in posts subject to
geographical distribution was, on 31 December 1988,
11.18%. The percentages of female applicants and of
female recruitees in the pfllfessional and higher
categories were at the same level.

565. A compn:hensive programme of ~hOrl training
workshops for middle and senior managers dc!o>igncd in
1987 was impkmented and 138 staff <Illended.

566. Acomputer link with the Central Secreturi<Jt ofthe
United NationsJoint Staff Pension Fund (UN.JSPF) was
installed to enable the transfer of monthly payroll data
for pensioners living in Austria and thus emure the
timely payment Ill' pension benefits to bem:ficiaries.

567. The Secretariat continued to parlJClpall: in the
work of United Nations common system hodies - for
example, the the International Civil Service Commission
(ICSC), the Consultatin: Commillee on Administrative
Questions (CCAQ) and the United Nations Joint Staff
Pension Board (UNJSPB).

568. The following organizational chart shows the
structure of the Secretariat.

16 l'hc.c rlgurc~ rcprc.cnt: mcml'cr~ "f thc SCl'l'CIMldl"I'l'Up\lng manning Idhlc p,"'>IS tlC,ccl Ilr,hdfgcJ III m.lnnlng tdt'le p,hl> Iqcl,'r I,'
the templlr~l"\ il.-"ldn,"" runcl ( 11)3), .,ft'lIJ!> ~c l"\ Ing "n rClln!>urscmcnl 1,,,,,, I, I '1-1) ,'I' "n sc,untJmcnl 1-1). ,'nu (',lInl111>Sdl) ,I.lft I h-I)

89



ORGANIZATIONAL CHART
(.a of 31 December 1988)
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