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Note bv the Secretary-General

1. The thirty-second report of the International Atomic Energy Agency for the
calendar year 1987 (GC(XXXII)/835) is submitted herewith to the General Assembly.
Major developments since this report was published will be covered by the annual
statement of the Director General of the Agency to the General Assembly. This
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paragraph 1 (a), of the Agreement governing the relationship between the United
Nations and the International Atomic Energy Agency (General Assembly resolution
1145 (XII), annex).
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been possible to make a full distribution. Delegations are therefore.reguested to
have the copies transmitted to them available during the discussion of this item.
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1. All euma of money era expressed in United Statee dollars.

2. The deriBnationr employed and the presentation of material in thia
document do not imply the expreerion of eny opinion whatsoever on the part of
the Secretariat  concerning the legal statue of any country or territory or of
itr authorities, or concernins the delimitation of ite frontiera,

3. The term “non-nuclear-weapon State” ie used 80 ;n the Fine1 Document
of the 1968 Conference of Nor 4Jucleer-Weopon States (United Net ions
document A/7277).
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E X E C U T I V E SUl4HARY

Thirtieth anniversary of the IAEA

1. 1987 marked the thirtieth anniversary of the Internotional Atomic
Energy Ag8nCy, ito Sttatute having entered into force on 29 July 1957.

Peroonnel and financq

2. At the end of 1987, the number of members of the Secretariat (including
pereonm serving under Special Service Agreement@ end on temporrry ossirtsnce
contracts) woo 2026 - 771 in the Profession&l end higher categories, 1121 in
the General Service category and 134 in the l4aintenonce and Operative Service
category,

3, The Regular Budget tote1 for 1987 war $145 913 000, of which
$136 378 959 WBI to be financed from contributiona made by Member States on
the basis of the 1987 ecele of &8aeeament, $4 894 000 from income from work
for others and $4 640 041 from other mircelleneouo income.

Nuclear DowBr

4, The total installed nuclear power generating cap&city in the world
increased by about 8% during 1987, raechin 297.9 GW(e) by the end of the
yeer . blucleer power plents accounted for more than 16% of the world’s
electricity generetion in 1987, et the end of which there were 417 nuclear
power plants in operation (eee Table 11, representing en accumulated operatin
experience of around 4600 reactor yeera,



Table 1
Nuclear power reactors in operation and under construction

at the end of 1987

Under Electricity supplied by Total operating
Country name Tn operation construction nuclear power reactors experience

in 1987 (to end 1987)

Number Total Number Total x o f Year3 Month3
of units MW(e) of units PM(e) Tw(e).h of total

CIrgentina 2
Belgium 7
BFazi  1 1
Bulgaria 5
Canada 18

China
Cuba
Czechoslovakia 8
Finland 4
France 53

German Democra-
tic Republic 5
Germany, Federal
Republic of 21
Hungary 4
India 6
Iran, Islamic
Republic of

Italy 2
Japan 36
Korea, Re-
public of 7
Hex ice
Netherlands 2

Pak i 3 tan 1
P o l a n d
Romania
South Clfrica 2
Spain 9

Sweden 12
Switzerland 5
Union of Soviet
Socialist
Republics 56
United Kingdom 38
United States
o f  fhmerica 106

Yugoslavia 1

935
5 477

626
2 585

12 142

3 207
2 310

49 828

1 692

1 1 245
2 1 906
4 3 524

2 1 188
2 816
8 5 120

10 13 410

6.0 13.4 18 7
39.6 66.0 79 7
1.0 0.5 5 9

11.5 28.6 38 8
72.9 15.1 188 0

2067 25.9 36 1
18.5 36.6 35 4

251.3 69.8 434 6

1 694

18 947
1 645
1 154

10.3 (9.7)* 67 5

123.2 31.3 256 6
10.3 39.2 10 2
4.7 2.6 66 8

1 120
26 888

5 380

6 3 432

4 4 047

8 1 760

2 2 392

3 1 999
12 10 692

2 1 800
2 1 308

0.1 0,l 75
182.6 29.1 357

37.4 53.3 28

507 3.4 5.2 33

125 0.3 (1.0) 16

1 842
6 529

9 646
2 932

880
1 980

990
6.2 4.5 6

39.5 31.2 72

64.4 45.3 123
21.7 38.3 63

33 616 28 25 098 187.0 11.2 631
IO 294 4 2 520 48.9 17.5 770

92 982

632

13 14 844 455.0 17.7

4.3 5.6

1 154

6

10
5

7

9

3

3
11

2
10

11
10

4

3

Worldwidea 417 297 927 120 101 643 1 652.2 4 616 8
a “Worldwide” figures include Taiwan, China, where there were six units with a total

capacity of 4884 W(e) in operation and where a total of 38 years and 1 month of
operating experience had been gained.

+ Figures in brackets indicate estimates - no data provided by Member States.



5, During thr year, 22 nuclear power plant8 cam0 on line (in BulBaria,
Canada, Czochorlovakia,  Franc., Hungary, Japan, Spain, thr Soviet Union and
the United Strter)  and conrtruction work rtartd on ninr plantr (in Bulgaria,
China, India and P:qn). No conetruction cancel latfonr were reported by
Xrmber Stoter.[ll

6, Although the worldwide r v o l u t i o n  o f  nuclear p o w r r  continurd t o  bo
influencrd by the  1986 Chernobyl  accident,  the  lerronr learned f rom the
accident caured an uprurge in nuclrar rafoty awarenerr which rhould in the
long term be of benefit to nuclear powrr, I n  moat l¶ember S t a t e r ,  them
appeared to be no significant changes in the public and political acceptance
of nuclear powar, whareae t h e r e  wa# a  clrar increase  i n  c o n c e r n  regarding
environmental effects not attributablr  to nuclear power, I n  rome Wmber
State@ where the opporition to nuclear power ir rtrong, the rlow-down or
suspenrion  of nuclear power programmer continued; mort other Hmber Stater
with nuclear power progranrmer, however, reamerted their commitment to nuclear
power I In particular , the Soviet Union and other CMEA countrier  reaffhnod
their intention to proceed with extenrive nuclear power programmea, and in the
United Kingdom a decirion  was taken to proceed with the conrtruction of a
eerier of PWR-type nuclear power plants.

7, An AgOnCy  conference on nuclear power performance and safety held in
Vienna from 28 September to 2 October 1987 WPEI  the first major conference
organized by the Agency in that subject area after the Chernobyl accident.

8, A  rtudy b y  a  renior exper t  group  o f  mechaniems to  arsirt deve lop ing
countrierr in the promotion and financing of their nuclear power programmer
reeulted in a number of recormnendatione, most of them for an intensification
of on-soing Agency activities but Borne for additional actiono to be undertaken
within the Agency and in devbloping  Member States.

9. Efforts to atrengthen developing Member States’ infrartructuree for the
planning and implementation of nuclear power projects continued through
interregional and national +,raining couroea,  eeminare, workshops, technical
co-operation projects, advisory mieeione, guidebooks, manuals and technical
comittee meetings. A  g r a d u a l  shift i n  emphaeie was i n i t i a t e d  towards
promotine improvements in plant operation and maintenance practicee,  in order
to reach uniformly high levels of safety, reliability and economic perfonance
world wide,

Nuclear fuel cycle

10, The Agency ;ontinued to collect and disseminate, in co-operation with
NEA, up-to-date information on world uranium reaourcea and supply, on uranium
exploration and producthon activities, and on nuclear fuel cycle requirements
end fac i l i t ies . Particular attention was paid to the long-term uranium
supply/demand situation, to the economics and eafety and regulatory aepecte of
uranium mining, and to the possibilities of using data acqgqired and techniques
developed during uranium exploration for emergency response purpoees.

[II During the previous year, 23 plants came on line, conotruction work
started on one plant  and there were two cancel lat ions  and one
suapeneion of construction work.



11. In the field of reactor fuel performance, emphasis was placed on
improving fuel utilization and the operating conditions at nuclear power
plants, with considerable effort devoted to questions of fuel reliability,
safety, economics and quality.

12. As regards the back-end of the nuclear fuel cycle, the main emphasis
was placed on the technical, environmental, economic and safety aspects of
spent fuel storage and on the strategies and options of spent fuel management
as a whole.

Radioactive waste management

13. During 1987 there was a shift of emphasis in the Agency's waste
management programme towards the increased provision of practical help to
Member States in the management of radioactive wastes. The Waste Management
Advisory Programme (WAMAP) was launched, and there was a prompt and positive
response from Member States, with four WAMAP missions being carried out in
1987 and 13 being requested for 1988.

14. In response to recent accidents with sealed radiation sources, the
Agency initiated a programme under which it is offering guidance and practical
help to Member States in the management and disposal of unwanted radiation
sources.

15. Work on the formulation of standards and criteria for the management of
radioactive wastes continued. The preparation of a document
international. standards for the disposal of radioactive wastes
geological formations entered the final stage.

Nuclear safety and radiation protection

proposing
in deep

16. Ten OSART missions visited nuclear power plants in seven countries,
commitments were made for missions to plants in Czechoslovakia, Hungary, Japan
and the Soviet Union in 1988, and a report on generic results of the first
18 missions was prepared. Under an "Operational Safety Indicators" programme
a set of plant-specific indicators was developed to facilitate OSART reviews.
The number of reports on unusual events made to the Incident Reporting System
(IRS) rose from 266 to 421, the IRS data base was reviewed using the ASSET
(Analysis of Safety-Significant Events Team) methodology to identify possible
generic root causes, and international co-operation in operational experience
feedback was intensified.

17. An Agency symposium on safety aspects of nuclear power plant ageing and
life extension was heavily attended and a state-of-the-art report on the
subject was completed. Substantial progress was made in developing severe
accident management strategies and methods. Considerable assistance with
nuclear facility siting was provided to Member States. INSAG neared the end
of work on basic safety principles for nuclear power plants. The NUSS Codes
of Practice were revised for submission, in 1988, to a recently established
advisory group known as NUSSAG for final review and endorsement and to the
Board for approval. The Secretariat started analysing the responses to a
questionnaire which had been sent to Member States for the purpose of
collecting information on their regulatory practices. INSARR (Integrated
Safety Assessment of Research *?actors) missions visited five countries, and
case studies on specific research reactor types continued. In the area of
probabilistic safety assessment (PSA), support for reactor PSA studies was



provibob to  18 Hembrr Statrr, a library of PSA computer codor was ret up and
porronrl  computer r o f t w a r r  f o r  PSA w o r k  drvolopod,  I rrroarch report o n
nuclear fuel cycls rirk criteria #am complatod and an IA&A/UWBP/WHO  project on
the rirkr l rrociated with complex indurtrial l ymtomm was initiated,

18, Work continuad on the dovolopment of 6uidrnce relating to thr radiation
protection of occupationally rxporod pormonr and t o  principlrm f o r  r o t t i n g
dimporrl limits for effluent and other wrrter, Work a100 continued on the
davalopmont of modein for thr real-tima forocastin6  of rxporuror from nuclear
l ccidontr and of d data bare for dorm arrrrrmrnt. The ASenCy’# RORUlatiOna
for thr Safr Transport of Radioactive Hatorialu wore updated and l upplomonted,
and reraarch bourn on the  radiat ion protrction  implicat ion@ of trrnrport
accident@ involving radioactivr matrrialr. RAPATs roviewod radiation
protection  i n f r a r t r u c t u r e r  i n  eight c o u n t r i e s  a n d  cecommanded lon&-term
pro6ranunrr for rtrmBtheninB  thorn,

19 * Hoot inur WON or6anierd  o n methodologies for thr conduct of
l pidemiOlO6iC81 rtudier followinS a nuclear accident, the bioloSica1  dorimetry
of roriour over-•xporurem and the handling of radiation injury. Guidance
documontr were irrued on l aremrinS the off-rite conrequencer of nuclear
facility l ccidmtrr, Mrirtance WIII  provided to Brazil under the Convention on
Amrirtance i n  t h e  Cam o f  a  Uuclerr A c c i d e n t  o r  Radiological  EmOr6OnCy
following the Ooirnie accident, Thr capability of the A6enCy  to pa-form itr
functionr under that convention and undrr the Convention on Early Notification
of a Nut lear Accident wa8 strenSthonrd, i n  p a r t i c u l a r  thrcruuh  t h e
nrtablirhment  of rrran6emrntr  for ume of WHO’r Qlobal Tsleconanunication Syrtem
t o  tranrmit  mearured radiological  d a t a . The Agency continued to co-operate
with other or6rnizationr  in the development of a more uniform approach to
rattin der ived  intervmtion  levelr for  foodrtuffs. Radiological  data from
Member States wore collated for use by UNSCEAR in ~esetasing the redioloSicta1
impact of the Chernobyl occident,

20. In the area of food and agriculture,  the  Agency, through the Joint
FM/IAEA Divirion,  continued to help developing Rember States to improve their
aBri.culture and food production through the application of ieotopeta, ionizinS
radiation and related techniquee, erpecially  biotechnology.

21. About 200 technical co-operation projects were carried out in
62  developin Rember States ; eleo, 14 regional and interregional project8
were carried out, The Joint  FAO/IAEA Division  co-ordineted 30 research
programmer involving 480 research contrecte and agreements dealing with the
UIBO  of nuclear and related techniques to solve food production and protection
problems.

22. I n  t h e  l i f e  rciencer  a r e a , asrietence  c o n t i n u e d  t o  b e  rdrldered t o
Hembdr Stater - and especially the developinS countries among them - with the
application of nuclear techniques in medicine (in-vivo and in-vitro nulear
medicine and radiotherapy) and nutritional and health-related environmental
atudior, with applied radiation biology work and with radiation doeimetry
work, Many of the activities in question are carried out in co-operation with
WHO.

23, Within the framework of ARCAL,  a CEC-eupported programme was set up to
promote the use of bulk reesente in radioimmunaaeay  work,



24, Technical issues relating  to domimetry and radiotherapy were examined
at a rympomium orRanked by the ARmcy in co-operation with WHO.

tiom co-oserrtion in furion rororfch

25. In Uarch 1987, representatives o f  t h e  worldts f o u r  m a j o r  f u s i o n
proRrrmmem - being conducted in Japan, the loviet Union, the United States,
and the European Community - met in Vienna under AROnCy  aumpicem and agreed to
begin a conceptual demi8n l tudy for an international thermonuclear
experimental reactor. The project, referred to am ITER, ham the Roe1 of
prOdUCin8  a demign for the nrxt-mtop tokamak experiment, It represents a
loRicr1  continuation and l xpanmion of work done through the Agency-•ponmored
IUTOR  (International Tokamak Reactor) workshop, in which Japan, thn Soviet
Union, the United Statea, and the Europeui Community worked am partners from
1979 onwards.

26. During 1987, a total of 962 projectm were operational and 64 training
courmem were held. Thrme l ctiviticrm involved 1808 expert ammignmentm,  In
addition, 1030 perronr received trainin within the framework of the
fellowmhip pro8ranune, A five-year mumary of programme delivery ie Riven in
the followin table.

Item 1983 1984 1985 1986 1987

Uumber of expert amaignmentm 1099 1530 1846 1930

Number of expert man-months
merved 1020 1550 1585 1516

Number of expert/lecturer
l rrignmentm undertaken by
Agency strf f 333 378 418 449

Number of purchase orders
processed 2405 2970 3391 3738

Number of fellows in the field 612 702 615 734

Number of vimitins ecientimtm 65 123 188 203

Number of participanta  in
trainin cour806 659 850 926 972

1808

1356

407

3701

870

160

945

27. Total remourcem for technical co-operation activities in 1987 increamed
by 5.5% over the previous year to $41.5 million (1986: $39.3 million). The
implementation rate attained for the programme a8 a w?Ae WPI 61.3%; it woo
67 I 0% for that part of the proerarrane financed from the Technical Aemimtance
and Co-operation Fund.

“’ 12



Seibersdorf Laboratories

28. The Agency's Laboratories at Seibersdorf provided experimental back-up
services to the programmes of the Department of Research and Isotopes in food
and agriculture, physical and chemical sciences and life sciences and
supported the Department of Technical Co-operation by offering in-service
training for individual fellows, organizing training courses and supplying
technical officers for technical co-operation projects. Training, research
and service activities were performed in such areas as soil fertility,
irrigation, crop mutation, insect and pest control, pesticide analysis and
formulation, and animal nutrition, health and reproduction
FAO/IAEA programmes); and analytical chemistry,

radiatlon(Agciculture,. dosimetry,
electronics, instrumentation and isotope hydrology (Physical, Chemical and
Life Sciences). In addition, the Laboratories provided analytical services
for the Department of Safeguards. The Safeguard Analytical Laboratory (SAL)
received more than one thousand samples of nuclear material, the total time
needed to conclude verifications by destructive analysis being reduced.

Safeguards

29. In 1987, as in previous years, the Secretariat, in carrying out the
safeguards obligations of the Agency, did not detect any anomaly 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 under certain agreements - for the manufacture of any
nuclear weapon, or for any other military purpose, or for the manufacture of
any other nuclear explosive device, or for purposes unknownt21. It is
considered reasonable to conclude that nuclear material under Agency
safeguards in 1987 remained in peaceful nuclear activities or was otherwise
adequately accounted for.

Conventions

30. The Convention on Assistance in the Case of a Nuclear Accident or
Radiological Emergency entered into force on 26 February 1987131. The
Convention on the Physical Protection of Nuclear Material entered into force
on 8 February 1987. A joint IAEA/NEA working group of governmental experts
adopted by consensus the text of a Joint Protocol relating to the application
of the Convention on Third Party Liability in the Field of Nuclear Energy
(Paris Convention) and the Convention on Civil Liability for Nuclear Damage
(Vienna Convention).

Committee on Assurances of Supply

31. The Committee on Assurances of Supply (CAS) held its twenty-first
session in Flay 1987, shortly after the conclusion of the United Nations
Conference for the Promotion of International Co-operation in the Peaceful
Uses of Nuclear Energy. Concluding, in the light of the outcome of that

I2i In the case of voluntary-offer agreements with nuclear-weapon States
nuclear material to which safeguards were applied was not withdrawn
from safeguards except in conformity with these agreements.

r31 The Convention on Early Notification of a Nuclear Accident had entered
into force on 27 October 1986.

- 13 -
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Conference, t h a t  e a r l y  progrems wan u n l i k e l y  e i t h e r  o n  principlem o f
international co-operation in the field of nuclear energy or on any new
topicr , CA8 d e c i d e d  n o t  t o  f i x  a n y  d a t e  o r  agenda f o r  itm n e x t  floamion,
Inrtead it requemted  the Bureau to conrult memberr of the Committee, and
aBreed that the Chairman should report thr outcome to the Board in Juno 1988
and recommend at that time a date and agenda for the next session of CAS,

United Na ions merenco for the Pro-n of International Co-oneration in
thrPlscrftulUnrr

32, The Conference was held from 23 March to 10 April 1987 in Qeneva.  In
t h e  courme of t h e  BenerPl dobate, deleSater  a g r e e d  t h a t  t h e  kqency mhauld
cont inue  to  p lay  it8 centra l  ro l e  among mul t ina t iona l  institutionr in
promotin  international co-operation in the peaceful wea of nuclear meray,
and appreciation wab voiced for the l rrietance the Agency  had provided,
p a r t i c u l a r l y  through ite t e c h n i c a l  arrirtance proSrammeo, througheut  i t s
30 years of existence, I t  was Senerally f e l t  t h a t  t h e  r o l e  of t h e  Agency
ehould be reinforced, empscially with regard to co-operation and information
exchange for the benefit of developin countriem, I t  woo a l so  Senerally f e l t
that the Agency rhould play the principal role in taking appropriate action
with respect t o  a n y  decisiona a n d  recommendationm rerulting f r o m  t h e
Conference.

331 Several m a t t e r s  o f  interert  t o  t h e  Agency w e r e  dircurred a t  t h e
forty-second rearion of the Qeneral. Assembly, In the debato that followed the
prerantation of the A8enCy'EI annual report for 1986, delesater  indicated their
broad support for the Agency, itm eafe~uarde ayatem, itr technisrll  co-operation
programme, and its work in the field of nuclear rafety. In it0 resolution on
the report, the Qeneral Assembly affirmed “ita confidence in the role of the
Agency in the application of nuclear energy for peaceful purpoaea** and urged
all State8 to co-operate in carrying out the work of the Agency.

34, In rerrolution  42124, on the United Nationr Conference for the Promotion
of International Co-operation in the Peaceful Ueee of blucleer Energy, the
Qeneral Aerembly requerted  the Agency, “ata t h e  c e n t r a l  organization  f o r
peaceful nuclear co-operation, to continue ite effortr, in cloee collaboration
with the concernad specialized  agencies and other relevant organizatione in
the United Nations  Bystem, w i t h  t h e  epecFfLc a i m  o f  stron6theninR  a n d
broedening international co-operation in the peaceful utaea of nuclear energy
for economic and social development,,.

35, The Qsnsral Aeeembly adopted a number of reeolutione on environmental
matter6 I In resolution 42/186, i t  adopted “The Environmental Perspective to
the Year 2000 and Beyond” a8 “a broad frartework to guide national action and
internat ional  co-operat ion on pol ic ies  #,nd programme6 aimed at  achieving
environmentally sound  deve lopment ,  and  spec i f i ca l ly  aa a  gu ide  to  the
preparation of further syetem-wide medium-term environment programmee and the
medium-term proSrammae of the organizatione and bodice of the United Nations
eyetern, i n  t h e  l i g h t  o f  [ U n i t e d  NationPI Environment Programme] GOVetFIIin8
Council dec!eion  14/13*‘. In thie reroltrtion the General Aeeembly called upon
“the govarning bodies of the organs and organizatione of the United Nationa
eyrtem to conrider the Environmental Perrpective  and take it into account in
the development of their own medium-term plans and programmes am relevant to
their own mandates” I In  retsolution 42/187, on  the  Report  o f  the  Wor ld

. -.



Commission on Environment and Development, the General Assembly decided to
transmit the report to all Governments and to the governing bodies of the
organs, organizations and programmes of the United Nations system, inviting
them to take account of the analysis and recommendations contained therein in
determining their policies and programmes. Many of the Agency's activities in
1987 were such as to help in achieving environmentally sound development, and
in the preparation of future programmes of the Agency the Environmental
Perspective and the World Commission's analysis and recommendations will be
taken into account.

36. The General Assembly adopted a number of resolutions on the
establishment of nuclear-weapon-free zones in the Middle East and in South
Asia. In resolution 42/28, it called upon all countries of the Middle East
which had not done so to agree to place all their nuclear activities under
Agency safeguards pending the establishment of such a zone in the Middle East.

37. In resolution 42/44, entitled "Israeli nuclear armament", the General
Assembly reiterated "its condemnation of Israel's refusal to renounce any
possession of nuclear weapons", reiterated also "its condemnation of the
co-operation between Israel and South Africa" and once more requested the
Security Council "to take urgent and effective measures to ensure that Israel
complies with Security Council resolution 487 (1981)". It called upon all
States and organizations that had not yet done so "to discontinue co-operating
with and giving assistance to Israel in the nuclear field" and reiterated its
request to the Agency "to suspend any scientific co-operation with Israel
which could contribute to its nuclear capabilities". It also requested the
Agency "to inform the Secretary-General of any steps Israel may undertake to
place its nuclear facilities under International Atomic Energy Agency
safeguards".

38. In resolutions 421348 and 42/34B the General Assembly demanded once
again that South Africa submit forthwith all its nuclear installations and
facilities to inspection by the Agency.

39. In September 1987 the General Conference adopted two resolutions
relating to matters which had previously been discussed by the United Nations
General Assembly and which were subsequently the subject of resolutions
adopted by the General Assembly during its forty-second session ( see
paragraphs 37 and 38 above).

40. In resolution GC(XXXI)/RES/470, on Israeli nuclear capabilities and
threat, the General Conference demanded "that Israel place all its nuclear
facilities under Agency safeguards" and requested the Director General "to
consider implementation by the IAEA of provisions in United Nations General
Assembly resolutions 41/12 and 41193 in relation to the IAEA". The Director
General was also requested "to report to the Board of Governors and the next
session of the General Conference on Israeli nuclear capabilities and threat
and on the implementation of this resolution*'. It decided to include an item
entitled "Israeli nuclear capabilities and threat" in the agenda for the
thirty-second regular session of the General Conference.

41. In resolution GC(XXXI)/RES/485,  on South Africa's nuclear capabilities,
the General Conference decided "to consider and take a decision on the
recommendation 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 X1X.B of the Statute, at the
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thirty-second regular eearion of the General Conference*‘. The Director
General was requested “to continue to take all possible measures to ensure the
full implementation o f  rerolution GC(XXX)RES/46S  a n d  t o  r e p o r t  t o  t h e
thirty-second regular sersion of the General Conference in this regard”. The
Confarence  also decided **to include in the agenda c.t thou thirty-second regular
rorrion of  the General  Conference a n  i tem ontitlod ‘South Africa’r nuclear
capabilitier*‘*.

oolutiw tadoDt@d  bv fb9 Atenc~~e Qeneral Conferencq

42. In September 1987 the General Conference adopted reoolutions
concerning: Israeli  nuclear copabilitiea and threat (GC(XXXI)/RES/470);  the
Agency’s  accounts f o r  1986 (GC(XXXI)/RES/471); the Convention on the Physical
Protection of Nuclear Material (GC(XXXI)/RES/472); mepaurea t o  atrenuthen
internat ional  co-operat ion in  nuclear eafety and radiological  protect ion
(GC(XXXI)/RES/473); the sharing o f nuclear-tiafety-related information
(GC(XXXI)/RES/474); the  pro tec t ion  o f  nuc lear  inrtallations a g a i n s t  a r m e d
attackr (GC(XXXI)/RES/475); Re@Alar Budget appropriationa f o r  1988
(GC(XXXI)/RES/476); Technical Aesistancr  and Co-operation Fund allocation
for 1988 (GC(XXXI)/RES/477); the Workin Capi ta1 Fund In 1988
(GCWtXI)/RES/478); male of aererrment  of Membera’ contributions for 1988
(GC(X%XI)/RES/479); relationrhip agreement between the Agency and the United
Nations Industrial Development Organization (GC(XXXI)/RES/480);  the financing
of technical i?eairrtanca (GC(XXXI)/RES/481); s t a f f i n g  o f t h e  A g e n c y ’ s
Secretariat (GC(XXXI)/RES/482); amendment of Article VI.A.2 of the Statute
(GC(XXXI)/RES/483); revieion o f  A r t i c l e  V I  o f  t h e  S t a t u t e  as a  w h o l e
(GC(XXXI)/RES/484); S o u t h  Africa’s n u c l e a r  capabilitieo (GC(XXXI)/RES/485);
and examination of delegate@* credentialr  (GC(XXXI)/RES/486).
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T H E AGEUCY’S A C T I V I T I E S

TECHNICAL CO-OPRRATIOU

wral irruor durb 1987

43. Human roaourcoa drvolopment  ir one of tha koy olemmtr of tochnolo6y
tranrfer. I n  thir connection, almort 2000 proforrionalr  from developing
c o u n t r i e r  bmefited f r o m  A g e n c y  t r a i n i n g  courmem a n d  fellowihipr, a n d
almort 2000 oxport arri6nmmtr wore undortakon, Thare l ctivitie8 were
complemented by the provirion of equipment valued at $16 million. As a rerult
of the A6enCy�m l ffortm to promote human remourcem development, a number of
developin Yember  State8 have almaby l rtablirhed appropriate infrartructures
and have acquired the capability to carry out, on their own, subrtantial parts
of their nuclear programmer.

44. The provision  of preparatory l rrirtance continued during 1987 under the
rpecial project approved by the Board for that purpore. In total,  53 mirrionr
were planned, of which 50 were carried out. Thir involved 62 l %pert
aeei~nmentr  to  28  countr i er  for  a  t o t a l  o f  1 6  monthr. Pro-project rupport
in  1987 reeulted in the formulation of  33 project  proporals  which were
approved within the framework of the 1988 programme,

45. Throulhou t the year, clore contacts were maintained with Homber Staten
aa a follow-up to the Technical Co-operation Policy Review. A number of rteps
for improving the quality of the programme were initiated, including the
design of new project requert  forma for the 1989-90 progralmne which aim to
enhance the linkage betwern project and national prioritier.

46. S i n c e  its in troduct ion  four  ybarr a&o, eva lua t ion  ham become an
integral part of the A6enCy’a technical co-operation activities and is playing
an important role in the effort to make there activitieo more affective.
Regular monitorin  of all  operational projectr through the interim project
implementation reportin rystem continued in 1987, and, at the request of a
number of technical officers, fuller information is being provided on the
technical prosrear  beinS made in individual projects. The 1987 evaluation
reports indicated that the two most common problems were the placement of
project-related fellowe and rhortaser of national counterpart staff. A joint
effort to addreae thase concerns ia now bein undertaken by the Secretariat
and Member Statee.

47. Hid-project and end-of-project evaluat ions  of 63 project6 were
conducted in 1987. The areaa covered by euch evaluations in 1987 included
radiation protection, radioactive waste mana6ementt applied nuclear science
laboratories and applicationr  of nuclear techniquer, The provision of expert
service8 a n d  f e l l o w s h i p  t r a i n i n g  w e r e  addreeeed b y  proceee  evaluatione
completed in 1987. I n  b o t h  caees, t h e  evaluationr  c o n c l u d e d  t h a t  t h e
Secretariat had responded e f f e c t i v e l y  t o  t h e  challenger aesociated  w i t h
rapidly #rowing programme demands and that theae activitiee  were contributing
to technology tranrfer. Alro 9 the  fir& country  programme  e v a l u a t i o n ,
intended to gnu&e the ilr: act of Agency aesirtance  to a rpecific Xember  State,
was undertaken.
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48. The role of women in development ham been receiving increasing
attention in the governing bodiem of the United Nations mymtem. Accordingly,
and in recognition of the contribution women can make to development effortm t
the Secretariat ham, for a number of yearm, been monitoring the participation
of women in Agency technical co-operation programm\em. In 1981 t for instance t
17.0% of all fellow8 were women; the corresponding figure for 1987 warn 19.9%.
Of the 519 training course perticipantm in 1981 t 64 - or 12.3% - were women;
in 1987, the figure warn 16.0%. Although the percentage of women serving am
experts increased only from 2.2% in 1983. to 5.3% in 1987, the percentage of
women serving am training course lecturers rose from 1.7% to 8.6% during the
mame  per?od, In the Divimion of Technical Ammimtance  and Co-operation, the
share of women serving am Profemeionelm  increased from 14.7% in 1981 to 26.5%
in 1987.

Pronrasmne implementatLon and promramme  trend8

49. The technical co-operation programme at the beginning of 1987 consisted
of 880 active projects, During the year, 22 footnote-& project8 were made
operational and 18 projects were approved under the Remerve Fund. Also,
meven new UNDP-funded project6 were added to the programme, mo that
962 project8 were operational during 1987. Of thim total, 132 project8 were
completed and three were cancelled,

50. T h e  provimion of technical ammimtance in 1987 involved arranging
for 1808 expert ammignmentm,  procemming 3701 purchase orders for equipment and
muppliem t devim ing training programmes for 1030 fellows and visiting
mcientimtm, and organizing 64 training courses  for  945 part ic ipants ,  in
addition to furniehing general logistic nnd administrative support.

51. Of the amsimtance  delivered in 1987, the largest portion (20%) related
to nuclear engineering and technalogy; project8  in this field covered reactor
modernizetion, metallurgy t nuclear instrumentation and reactor control,
imotope production, radiation engineering and quality aaaurance. The next
most important f i e ld  warn the  app l i ca t ion  o f  imotopee  and  rad ia t ion  in
agriculture (18%)’ where the focus warn on optimizing fertilizer and water use,
enh8nCing  biological nitrogen fixation, promoting mutation breeding, increasing
livestock production, establishing food irradiation facilitiee and conducting
pesticide residue mtudiem. At 15X, nuclear eafety and radiation protection
ranked third in the programme; the  act iv i t ies  involved primari ly  the
promulgation of lawm and etandards, the organization  of radiation protection
service8 t domimetry and environmental monitoring, reactor safety and
radioactive waste management. Other important fields were: induetry and
hydrology (13%), covering the radiation sterilization  of medical products,
non-deetructive  t e s t i n g , nucleonic control myeteme, water and eed iment
dynamicm, the determination of various parameters related to groundwater
recharge and general water resource management; nuclear physics (9X),
involving such activities as neutron activation analyeie, mass spectrometry,
the use of solid-state detectors and reactor physics studies; and nuclear
medicine (9X), dealing with radiotherapy, radiotoxicology, medical physics and
radiopharmacy.

52. Technical  Divis ions  of  the  Secretariat  played an act ive  part  in
mupporting technical co-operation activities. During 1987 t 142 technical
officers provided eupport of various kinds to the 962 projects that were
operational during the year; they also appraised 724 project requests
received from Hember States for the 1988 technical co-operation programme,
undertook 407 aeeignmente, either as experts or as training course lecturers,
for a total of 117 man-months, and evaluated 1213 fellowship applications.
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53, T o t a l  n e w  resources avai lable  f o r  technical  co-operat ion in 1987
amounted to $41,5 million, Which is 5.5% higher than the figure f o r  the
-+revioum y e a r  (see Fig. 1). T h e  Technical Ammimtance a n d  Co-operation
Fund (TACF) accounted f o r 72,5X o f the total available re80urce8,
extrabudgetary fundr for 13.7%’ UUDP  for 6.2% and l mmimtance  in kind
for 7.4%. P ledges  end  mimcellaneoue inCOme, reduced by currency exchange
1088e8, covered 88.6% of the TACF tarart of $34 million (in thr previous
year, 92.7% of the TACF target of g30 million had been covrrod). The decline
in percentage attainment of the target,  which began in 1983, continued
unabated.

54. The value of the programme planned for implementation (total adjusted
programone f o r  1 9 8 7 )  wa!r g56.1 mi l l i on , Obligationm were entered into  for
@,;dm and servicer valulld at $34.4 million, yielding an overall implementation
rate f o r  the progremune  of 61.3%. Dimburmementm in 1987 (actual cash outlays)
are shown in Fig. 2.

55, Implementation by resource category during 1987 is murmnarimed  in the
following table.

Resource
category

Adjusted Net Implementation
programme expenditure rate

($1 CL> (X)

TACF 40 436 825 27 078 352 67.0
Extrabudgetary fundm 11 901 496 4 467 566 37.5
UNDP 3 307 300 2 568 677 77.7
Funds in trust 457 226 251 370 55.0

56, Am in the past t diebureementm were highest in respect of the rquipment
component. This component’s mhare  of the tot81 delivery in 1987 w8m 50%;
expert services accounted for 19%’ fe l lowship training for 20%’ training
courses for 10% and sub-contracts for 1X,

57. The following table mummarizem  implementation by ameimtance component,

Amsietance
component

Adjumted
programme

($1

Net
expenditure

($1

Implementation
rate
(X)

ExPerte 14 363 060 7 983 739 55.6
Equipment 28 230 075 16 232 729 57.5
Fellowmhipe 7 816 838 6 499 385 83.1
Tr8ining courmes 4 472 962 2 926 849 65.4
Sub-contracts 904 315 549 535 60.8
Himcellaneous 272 952 173 344 63.5
Direct coete 42 645 384 0.9

Total 56 102 847 34 365 965 61.3
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58. Although the overall implementation rate, which is an indicator of the
degree to which the Agency has been able to set technical assistance inputs in
motion  in a given year, declined somewhat as compared with 1986,
disbursements, representing technical assistance actually received by
recipient countries, reached $46.3 million, a figure 15.7% higher than in the
previous year.

Distribution of assistance

59. Figure 3 shows disbursements by field of activity and year over the
period 1985-87 as a percentage of the total disbursements for those years. As
can be seen from the table, nuclear engineering and technology ranked first,
followed by agriculture and nuclear safety.

6C. How programme emphasis varies from region to region can be seen in
Fig. 4. In 1987, agriculture was the leading field for Africa and Latin
America, nuclear engineering and technology for Asia and the Pacific and for
Europe, and nuclear safety for the Middle East; most interregional assistance
was also given in the field of nuclear safety, which was the third most
important field for the programme as a whole.

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

Overall share in X

Region 1984 1985 1986 1987

Africa 25.5 20.9 19.9 18.5
Asia and the Pacific 26.7 28.4 26.8 30.0
Europe 11.5 13.1 13.6 18.9
Latin America 24.7 22.7 22.5 20.3
Hiddle East 0.9 1.6 3.1 2.1
Interregional 10.7 13.4 13.9 9.9

62. The relative share of Asia and the Pacific and of Europe increased last
year as compared with 1986, while those of Africa, Latin America and the
Middle East declined somewhat, as did the interregional share. It should be
noted, however, that the above figures refer to disbursements from all
sources. In the Agency's regular prograrmne of technical co-operation for 1987
as approved by the Board, the regional distribution was as follows:
Africa - 24%; Asia and the Pacific - 26.5%; Europe - 16.4%; Latin
America - 22.7%; the Middle East - 3.8%. and Interregional - 6.6%.
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FIGURE  1

RESOURCES  AVAILABLE  FOR AGENCY

TECHNICAL  CO-OPERATION  PROGRAMMES:  1933-1987
(in millions  of dollars)
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In kind
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TOTAL 33.220 32.803 36.100 39.324 41.487
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FIGURE  1
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DISTRIBUTION OF DISBURSEMENTS

BY FINANCIAL  YEAR AND FIELD OF ACTIVITY:  1985-1987
(in miiiions of dollars)

Summary In thousands  of dollars

Field of acthAty

0 - General atomic energy development
1 - Nudsar  physics
2 - Nuclear chemistry
3 - Prospecting, mining  and processfng

of nuclear  materials
4 - Nuclear snglrmering  and technology

Appllcatbn  of lsotoper  and radiation In
5 - J@culture
6 - Medicine
7 - 8lology
8 - Industry and hydrology

9 - Safety In nudear  energy

1985 1986 lM7

$ % 8 % 8 %

3,218.7 9.5 3,057.2 7.8 3,742.Q 8.1
3,809.l 11.3 3.973.7 9.9 4,139.l

942.0 2.8 1,092.l 2.7 1,tQ8.3 i:X

1,145.2 3.4 t,751.8 4.4 f,7t8.8 3.7
4,710.8 14.0 8,257.5 t5.7 9,296.Q 20.1

7,104.3 21 .l 82Q2.7 20.7 8J65.4 18.3
3,178.Q 9.4 3,342.e 8.4 4,112.4 8.9

223.0 0.7 122.2 0.3 296.3 0.6
4,625.0 13.7 5023.1 12.6 6,rxo.7 13.1
4sQ7.5 13.8 6.921 .t3 17.3 7,146.l 15.4

, Miscallaneour 161.4 0.5 146.0 0.4 170.1 0.4

GRAND TOYAL 33,715.Q loo.0 39980.3 100.0 46,345.o loo.0
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FIGURE  4

DISTRIBUTION OF DISBURSEMENTS

BY FIELD AND REGION:  1987
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Summary in thousands of dollars

Field of actMty

0 - General atomic developmentenergy
1 - Nuclear physics
2 - Nuclear chsmlstry
3 - Prospecting, mining and processing

of nuclear materlalr
4 - Nuclear englneerlng  and technology

Application  of isotopes and radiation  In
5 - Agriculture
6 - hledlclne
7 - Biology
8 - Industry and hydrology

g - Safety in nuclear energy

M a  & Lath Mlddls  tntsr-  All
Africa Paclflc  Europe America East regional regions

s 8 8 6 $ 8 8

661.2 1,314.o 51.0 1,016.6 182.5 517.8 3,742.Q
620.6 1836.1 551.0 639.5 13.2 278.7 4,139.l
162.3 408.9 246.2 385.0 23.9 0.0 1,198.3

352.0 545.8 178.3 435.4 204.7 0.6 1,716.8
523.0 2.409.8 4,283.3 1,245.5 83.2 752.1 9,298.Q

2,816.6 2,178.3 753.4 1,io4.a 94.2 818.4 8.4684
784.8 1381.4 270.3 1597.4 0.0 188.5 4.112.4

30.0 117.6 36.4 11.6 0.0 loo.5 298.3
928.1 2,127.7 1366.4 1.452.3 91.2 95.0 8860.7

1,482.g 1,623.8 1804.1 914.3 292.1 1829.2 7,146.1

Sub-total 8 5 5 1 . 2  13,923.4 8,742.4 93Q2.3 985.0 4560.6 48,174.Q

Mlscallaneous 0.0 0.0 0.0 0.0 0.0 0.0 170.1

GRAND TOTAL 8551.2 13,923.4 8,742.4 9,3Q2.3 985.0 4‘580.8 48,345.g
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(a) Plannina toolr and mrthodologier

63. Eloctricidade d o  PortuBrl (EDP) a d a p t e d  a n d  mado available t o  the
Agency itr computer prosram VALORAQUA[41  to br uaod, jointly with WASPIS], In
rlectric  power ryrtom l xpanaion planning atudirr whrra drvolopinl  countrh
wirh to l aaow porriblr futurr hydro-•loctric and nuclear powor r.ompon*ntr,

64, The WASP package, rdrptad f o r  operat ion  on  microcomputora,  WII furthor
improved and made availablr  to 31 Member Stator; rUUDt61 was l lro rdrptod for
oporrtion on microcomputrrr, t h r  intention  boina t o  mrko t h r  n o w  voraion
available rftor it haa undrraono tortin&.

65, In co-operation with the Intonational  Inatituto  for  Applied Syrtrmr
Analyair (IIASA), the Alancy drvrlopod  - for umo on microcomputorr - a mod.1
for the l nalyrir of enrray demand in brric indurtrhr  (WED-BI)  aa 8 function
of the demand for the producta of thorr induatrior,

66, Within the framework o f  intrrnrtional co-oprrat ion in  the adaptat ion
a n d  use o f  mothodolo8irr  f o r  forocrrtinl rlrctricity  domand i n  drvolopin~
countrioa, in rupport of l tudiea of the role of nuclrar powor, the Agency
OrEanieod a trchnicrl committoo mooting on *%nrr8y, l loctricity and nuclorr
power  planninE: UN and other international orBrnizrtionm*  l pproachaa” in
co-operation with the Commirrion of the Europoon Conununitior,

67, The Agrncy ured ita EDEl71 modal to carry out, on the barir of
rcenarioo prrparod by ECE, l rtimater of oneray demond for an ECE rtudy on the
lona-term impact of oneray afficioncy improvemontr in Europa.

(b) Promotion and financing of nuclear powor in devolopin8 countrier

68, FollowhE dircurrionr in the Board of Qovernorr  in February 1986, a
Senior Expert Group comprisinE 20 experts drawn from 15 Hombsr States ond the
World Bank studied mechanirmr to arrirt dovelopin~ countries in the promotion
and f inrncfna  af their nuclear power programmer and recommended, in a report
published in Aubbut 1987 , a number of action@ to be taken by the Agency in
four areaa: energy and nuclear power planninE,  public acceptsnco,  project
preparation and implementation, and nuclear power finrncinE, In Septomber
1987) the Board took note of the report and requested the Secretariat to
prepare epecif ic propoeala regarding  possible  implementation of re levant
recommendation8 made by the Senior Expert Croup,

141 VALOBAQUA  ie a power system simulation model for carrying out detailed
analyeea of power oyateme with a 1arEe hydra-electric component,

151 WASP : Wien (Vienna) Automatic System Planning,

I61 MAED  : Model for Anelyeio  of Energy Demand.

171 EDE: Energy Demand Evaluation,



(cl Aetairtence  i n  t h r  plannina  a n d  i m p l e m e n t a t i o n  o f  n u c l e a r  p o w e r
proBramme0

69, Co-operation brtweon the Agency  and the World Bank in the planning of
enetly and electric myrtomr in developing countries continued, with joint
misrions to YuBoRlavia and Egypt,

70. A World Bank/UUDP  oneray planning  project for a number of European and
Arab countrier was launched at a reminar hold at the Headquarters of the
A&oncy , which ir co-operating with the World Bank in this project, Through
t h r  project, which includea country came rtudies,  training courses and
reminarr , it is hoped to combine the World Bank’s expertise in the field of
financal analyrir and planning and the A6ency’e expertioe  in electricity and
nuclear powor planning in developin countries.

71. In co-operation with the Jordan Electricity Authority and the World
Bank, the Agency - urinB MED and WASP - prepared a technical document
ontitled “Energy and electricity rtudy for Jordan up to the year 20101’.

72. The rrport publirhed, in 1985, at the end of the fir.? phase of the
rmall and mrdium power reactor (SUPR)  project initiation rtudy[81 was updated
on thr barir of recommendationa made by an advirory  Broup cor.dened to analyse
the  t echn ica l  in format ion  r e c e i v e d  f rom potent ia l  ruppl i ers  and  the
conrtraintr  on  the  in troduct ion  of  SHPRm. In the updated report  i t  was
concludrd that further prolrera in the A6ency’r promotion of the introduction
of 8HPRa in developin l4ember Itaker could come only through country-specific
fearibility rtudier with the participation of potential buyers, potential
rupplierr and the Agency. Howover, up to the end of 1987 no interest had been
rhown by any country which might benefit from such a study; also, no progreeo
had been  madr in  obtainin r e l i a b l e  c o a t - d a t a  o n  a v a i l a b l e  deeigne  from
potential  SHPR ruppliers,

73. T h e  Agency p r o v i d e d  t e c h n i c a l  rrupport, including f ive  advisory
mirrionr  , in connect ion with feas ibi l i ty a tudiee and infrastructure
drvelopment  pl,\nninB projects in Horocco, Peru and Tunisia, In Malaysia, an
indurtrial  infrastructure asseerment wau completed with Agency aeeietence.

74, With the overall objective of atataietinB developing Hember States to
rtrenlthen t h e i r  pro jec t  execut ion  capabilitieo, support  was prov ided  to
technical  co-operation projects in ten countries. Aleo, large multi-year,
UUDP,.financed  projecto in the area of manpower development for nuclear power
were rupported in Argentina and China,

(d) Rucloar power training programmes

75, A national training course on nuclear power project management W~IB held
in China, a  nat ional  training course o n  etraes anelyeis  was h e l d  i n  t h e
Republic of Korea and a national seminar on nuclear power plant conuniaeioning
was held in Romania, Nine two-week notional workshop-eeminars  were organized
on different aspects of nuclear power plant conetruction,  commissioning,
operation and maintenance management.

[81 See pare. 82 of GC(KKK)/775,
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76, The eighth rerrion of an interregional  training course on “Energy
planning in developing countries with rrpecial  attention to nuclear energy” was
held in Rabat, Morocco, Pollowrd by a one-weok technical visit to France.

7 7 , Within the framework of a technical co-operation project having aa ite
goneral objective the transfer tc Indoneria of the ENPEP[Pl package and the
computer hardware necessary for it.0 use, Indonesian planners  were  trained on
the ENPEP package at the Argonne National Laboratory, USA,

7 8 . In co-operation with the World Bank, the Agency started to provide
training in the combined use of WASP and VALORAGUA(lO],  Training woe given to
plsnnerm from Morocco within the framework of the World Bank/UNDP  project
mentioned in paragraph 70 above.

79, An interregional training course on nuclear power plant instrumentation
and control ryrtems was held at the Karlsruhe  Nuclear Research Centre, Federal
Republic of Germany; it was the third such course offered by the Agency,

80. An interregional training course on irradiation embrittlement in steels
ured in the manufacture of reactor prerrrure veraelr war held in Argentina for
rpecialiatr  from developing countrier, aa recommended by the International
Working Group (IWO)  on the Reliability of Reactor Pressure Components(ll1.

81. I n  t h e  f i e l d  o f  q u a l i t y  a s s u r a n c e  (QA), t h e  Agency  organized - i n
noxico - a  reminar f o r  local  indurtry management and a nat ional  training
course for  m a n a g e r i a l  and Q A  perronnel, A  national  training .course on QA
functions of nuclear power plant owners woo held in China, Support wan
provided for technical co-operation projecta  in oix Member States.

82, An advisory group finalized the contents of a guidebook entitled
“Energy and Electricity Demand Forecaoting for Nuclflar Power Planning in
Developing Countriee”. This guidebook io intended to oerve am a manual for
interregional training courses, a8 background material during Agency advieory
misrione a n d  a8 a  r e f e r e n c e  s o u r c e  f o r  p e r s o n a responsible  f o r  e n e r g y ,
electricity and nuclear power planning in developing countries.

(0) Regional CO-Operation

83. Within the framework of RCA, the Agency - in co-operation with the
Asian Development Bank and the UN Economic and Social Commission for Aoia and
the Pacific - held a regional workehop for WASP uaer8 in Jakarta, Indonesia,

Performance of nuclear power

(a) The Agency’s power reactor information system

84. At the end of 1987, the Agency’s Power Reactor Information System
(PRIS) - to  which al l  but  two Xember State8 with power reactors  report
routinely - contained data for a total of about 3400 yeare of power reactor
operation and on about 24000 outagee,

[91 ENPEP: Energy and Power Evaluation Program,

[lOI See pare. 63 above,

I111 S e e  p a r e .  101 below.
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85, During the year, a b o u t  4 0  d a t a  retr w e r e  rupplied o n  request t o
contributing Hember States and detailed background information was provided
for Operational Safety Review Toam (OSART)  miseions. The frequency of
requerte  for PRIS data continued to increare,

86. Uring  PRIS data, the Agency publirhed a further edition of “Nuclear
Power Reactors in the World” and completed a report on “Operating Experience
with Power Reactors in l4ember Staten,  1986”.

(b) Performance rtatur and trends

87. The Agency continued to co-operate clorely with the World Energy
Conference (WEC)  and the International  Union of Producerr and Distributora of
Electrical Energy (UNIPEDE) in studies on the availability of electric power
plant.8 in general and with NEA in the study of nuclear power plant performance
trendr (a joint Agency/NEA report on the rtatus of and trend@ in nuclear power
plant performance warn publirhed during 1987).

88, An analyrir of nuclear power plant load and availability factor trends
during the 19808 rhowed a rteady increase both in world-wide average values
and in the number of plant6 with good or excellent performance records tree
Fig. 5). In order to determine the rearonr for thir encouraging trend, the
A g e n c y  i n i t i a t e d  a  rerier  o f  t e c h n i c a l  virite to  ind iv idua l  p lant s  and
utilitier  aelected on the barir of PRIS date,

(c) Performance and safety

89. An Agency conference on nuclear power plant performance and safety,
held in Vienna and attended by about 500 participanta  from 41 countrieo and
14 organizationr,  provided an opportunity for a broad exchange of information
and experience,

(4) Economic8 of nuclear power

90. The Agency continued work on teeting FINPLAN,  a microcomputer model for
analyrring  the impact of various project financing procedures on the f inancee
of alectric utilities,

91, At the conference on nuclsar power plant performance and safety
mentioned in paragraph 89 above, prel iminary reeulte  were  preeented of  a
comparative economic study of nuclear and coal power generation strategies
for China.

(e) Quality management

92. Within the fbamework of a revieion  of the Agency’s five NUSS Codee of
Practice, a revired version of the Code on Practice on QA (Safety Series
No. SO-C-QA) wa6 prepared for submission to an advisory group (NUSSAG) in
Harch 1988.

93. Work was completed on a manual on QA for computer software and one on
regulatory inrpection of the implementation of QA programmes, and work on a
manual on QA for the inrtallation and conmrierioning of inetrumentation and
control and electrical equipment and one on the management of QA for nuclear
power plant operation reached an advanced otage.
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94. Activities related to the development of a methodology for measuring
QA ef fect iveness cont inued,

(f) Ageing, life extension and reliability of nuclear power plants

95. A symposium on safety aspects of the ageing and maintenance of nuclear
power plants was held and the proceedings published,

Nuclear power technologies

(a) Evolution of current technologies

96, The IWO  on Advanced Technologies for Water-Cooled Reactors, established
on the recommendation of an international expert working group following the
Chernobyl accident to formulate recommendations for Agency activities relating
to the technological development of water-cooled reactors (with emphasis on
their  safety  and re l iabi l i ty) , reviewed trends in national prograrnmem  and
recomunended  tha t  the  Agency  f i r s t  f ocus on passive safety and accident
management in the current generation of water-cooled reactors.

97, Work started on a report on the mtatum of advanced light-water reactor
design and technology, to be published in 1988,

98, The IWG on Nuclear Power Plant Control and Instrumentation recommended
two areas for future information exchange: improving the man-machine
interface so am to minfmize  the probability and effects of human error; and
the design and ume of different Cypea of plant simulators.

99. Three specialists* meeting8 were held under the auspices of this IWG:
the first, on “Human factor information feedback in nuclear power:
implication6 of operating experience on mymtems  analys is  a n d  operat ion”,
showed that there are problems in collecting human error data and that
existing data banks need to be better oriented towards the collection of data
on human errors - especially human errors at nuclear power plants; a t  t h e
second, on “Training mimulatorm for nuclear power plants”, there was a
comprohenmive review of the state-of-the-art and recent progress in the
development, design and manufacture of training a! ulators; and the main
conclusion at  the  th i rd ,  on  “Opera t iona l experience with control and
instrumentation systems in nuclear power plants”, was that plant operational
experience cannot be the only source of information for further improvements
in reliability and that more emphasis should he placed on experience gained
with plant simulators.

100 * Work started on a report on the design of control rooms and the
man-machine interface for the operation and surveillance of nuclear power
plants, summarizing the steps which have been taken and are being planned
world-wide to improve the man-machine interface for safe and reliable nuclear
power generation.

101, A specialists’ meeting on the irradiation embrittlement of reactor
pressure vessel steels demonstrated the continuing interest in the effects of
neutron irradiat ion on steels  used in  nuclear power generat ion, The
specialists concluded that such meetings were valuable from the point of view
of collecting data  on the irradiation embrittlnment resistance of reactor
pressure vessel steels and on proposed methods for ensuring the integrity and
reliability of reactor pceesure  vessels.

- 30 -



(b) Technologies for better resource utilieation

102 * Current trends in national liquid-metal fast breeder reactor (LHFBR)
development programme8 were reviewed at the 20th annual meeting of the IWO on
Fast Reactors, The IWO concluded that fast breeder reactors mtill offer an
indimpenmable option for the future.

103 1 Specialimtm9 meetings were organimed on two topics closely related to
the safe  and rel iable  operat ion of  fast  reactors:  f i ss ion and corrosion
product behaviour in the primary circuits of LHFBRm; and fast breeder reactor
block antiseismic design and verification.

104 * Substantial progreem was made in the co-ordinated research programme on
“Sodium boiling noise detection", with work continuing on the preparation of a
review report, and in the current (validation) stage of the co-ordinated
research programme entitled “Intercomparison  of LMFBR core mechanics codes”,
with the participants agreeing to study more complex problems ref letting
actual reactor operation conditions and to prepare data sets for the next
(verification) stage.

(cl Nuclear heat applications

105, A technical document on small reactors for nuclear heat applications
was prepared and one on the status of gas-cooled reactors and their role in
electricity generation and in prwesm steam and process heat production was
published.

106. The status of the co-ordinated reeearch programme on “Design codes for
components of gas-cooled reactors” was reviewed and boundary conditions for
the next step (bench-mark calculations) were established, and a review warn
carried out of the technological status of coolant blowers and circulators for
gag-COOled reaCtOrS.

(d) Nuclear fusion

107 0 The report of the technical committee meeting on “Fusion reactor design
and technology” held in Yalta, USSR, was published; it describes the present
status of and recent progress made in fusion reactor experiments, deeign and
technology.

108. A co-ordinated research programme on lifetime predictions for plasma-
facing components was initiated at a consultants’ meeting held in Vienna.
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NUCLEAR FUEL CYCLE

Nuclear material8 and fuel cvcle technolou

109 1 Sixty-five l4ember States were involved in Agency fuel cycle technology
a c t i v i t i e s  i n  1 9 8 7 , wi th  more  than  750  epecialisto f r o m  5 0  countrieo
participating in meetings on eubjecte ranging from uranium geology to epent
fuel management. Technical eeoietance in this broad area was provided to
33 Member States,

(a) Uranium resource8 and production

110. The ohort-term outlook for uranium continued to be influenced by
over-oupply end low prices, With reactor  requirement8 for uranium of
about 39 .sOO t/year in 1986 and 1987, uranium production remained below
requirements. Large inventories, estimated at three to four yeare of forward
requirements, filled this supply gap and are expected to do so for the next
eight to ten yeare.

111. Uranium production in 1986 (the latest year for which reliable figures
are available at present) amounted to about 37 110 t in WOCA[lZl,  the main
producer8 continuing t o  b e  A u s t r a l i a , Canada, South Af rice and USA.
Production in 1987 is expected to have been about 36 000 t.

112 L Ursnium contract prices continued to decline in 1986. In Australia,
the average export pries declined 3y about $S/kg U, to $71/kg U; in Canada it
dec l ined  by  about  $3/kg U ,  t o  $64/kg U . In the EEC area, priceo paid
increaeed in US dollar term8 by about $S/kg U, to $80,6O/kg  U, but declined in
European currency unit (ECU) terms by about ECU 17, to ECU 81,90/kg U. In
USA, the average price for domeetic uranium declined from $81.70 to $78/kg U,
while the pricer  of imported material remained at $52/kg U.

113 * In 1987 spot prices for non-USA uranium remained at the $44/kg U level;
spot prices for USA material were slightly higher, at $48/kg U,

114. Ae a consequence of the low prices, uranium exploration in 1986 and
1987 continued at a low level: $130-150 million/year. Host was expended in
Canada, France and USA, but many developing countries in Asia and the Xiddle
East continued their exploration efforts.

115 l Reports were prepared on the following subjects: North American
uranium geology and resources ; the metallogenesis  of uranium depoeite; and
uranium mining (with emphasis on the planning of uranium mining operations,
feasibility studies, operational aspects of uranium mining, uranium mining
economics, and the regulation and safety of uranium mining),

116. Fol lowing the recomendation of  an advisory group on the use of
pre-existing airborne survey data to define the natural background radiation
environment which met in 1986 (see paragraph 121 of CC(XXXI)/SOO),  work began
on a technical report entitled “The use of regional ganuna  ray data to define
the natural radiatior:  environment”. A questionnaire on the amount and nature
of such data was sent to all l4ember States.

1121 World Qutside the Centrally planned economies Area.



117. A report on uranium deposits in proterozoic  quartz-pebble conglomerates
was published, completing a series of reports on major uranium deposit types.
Work was completed on a manual entitled "Radon in uranium exploration", on a
technical report entitled '*Construction and use of calibration facilities for
radiometric field equipment", on a "World atlas of uranium deposits and
occurrences** and on a technical report concerning geological data integration
and analysis.

118. NEA, in collaboration with the Agency, issued the twelfth edition of
the publication "Uranium Resources, Production and Demand" (the "Red Book").
As part of an effort to improve data input to the Red Book, through the
introduction of standardized methodologies, a group of consultants continued
work on a manual on the appraisal of undiscovered uranium resources.

119. The first issue was published of an annual Uranium Newsletter replacing
the newsletter previously published by the NEA/IAEA Joint Group of Experts on
R&D in Uranium Exploration Techniques; over 900 subscribers to the R&D
newsletter requested copies of the first issue of the new newsletter, over
1200 copies of which were distributed.

120. Thirty-four technical co-operation projects concerning uranium
exploration and resource development in 30 countries were supported; two of
them were financed by UNDP and the UN Fund for Science and Technology for
Development (UNFSTD). The projects covered a wide range of exploration
methods, uranium laboratory activities and the university teaching of uranium
geoM3y and exploration methods, with emphasis on broad-reconnaissance
resource appraisal surveys rather than detailed deposit surveys; at the same
time, encouragement was given to the use of uranium exploration techniques and
data in the assessment of other mineral resources, in the determination of the
natural radiation background and in environmental and health studies.

lb) Processing and production of nuclear and reactor materials

121. Reports were prepared on (a) the present status of the technology of
uranium recovery from phosphoric acid, in which many countries are interested
as substantial amounts of uranium can - in principle - be recovered from
phosphate rocks, and (b) the technical, economic and environmental aspects of
in-situ uranium leaching, a technique which, although its use is limited to
certain types of uranium deposit, is attracting considerable interest because
of the lower capital and operating costs involved.

122. Following the publication of technical document IAEA-TECDOC-408,
entitled "The Nuclear Fuel Cycle Information System - An international
directory of nuclear fuel cycle facilities" (see paragraph 130 of
GC(XXXI)/800), a second edition was prepared, incorporating information
received from Member States through a questionnaire distributed in June 1987.

123. Work continued on the preparation of (a) a manual on analytical
techniques in uranium exploration and ore processing, (b) a guidebook on the
design, construction and operation of pilot plants for uranium ore processing,
and (c) a guidebook on the development of uranium mining and ore processing
projects.

124. The proceedings of technical committee meetings on the "Development of
projects for the production of uranium concentrates" (STI/PUB/738)  and on
"Advances in uranium refining and conversion" (IAEA-TECDOC-420) were issued.
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(cl Reactor fuel design, fabrication and performance

125, Work continued on the preparation of a guidebook on quality assurance
in fuel fabrication and on updating the guidebook ‘*Quality control of water
reactor fuel’* through the addition of chapters on gadolinium-bearing and
mixed-oxide fuels (see paragraph 137 of GC(XXXI)/SOO).

126’ In a report prepared on “Power ramping and cycling and the load-
following behaviour of water reactor fuel”, it was concluded that power
ramping and cycling can, when necessary, now be carried out at water-reactor
nuclear power plants without major constraints on fuel behaviour and
performance’

127’ A report was prepared on the “Underwater inspection, repair and
reconstitution of water reactor fuel”,
important. in many Member States,

a topic which is becoming increasingly

128’ In a report prepared on “Advanced fuel for fast breeder reactors:
fabrication and properties and their optimieation”, it  was  concluded that
dense ceramic futile are reliable as mixed-oxide driver fuels and that mixed
nitride and carbide fuels and also metallic fuels can be regarded as promising
fuels for future fast breslder  reactor reloads’ It was recommended that the
Agency pay more attention to the design, fabrication, performance and
reprocessing of these advanced fuels’

129 I The proceedings  of  a symposium held in Stockholm in 1986 on
“Improvement8 in  water  reac tor  fue l  t echno logy  and  utilization” and of
technical committee meetings on “Properties of materials for water reactor
fuel elements and methods of measurement” and “Water reactor fuel behaviour
and fission product release in off-normal and accident conditions” were
published’ A technical document entitled “Review of fuel elament  development
for water-cooled nuclear power reactors*’ was prepared for publication’

130 I The fins1 report of a co-ordinated research programme on “Fuel element
cladding intaraction  with watsr coolant in power reactors” was issued and u
f 01 low-up programme on “Water chemistry control and coolant interaction with
fuel and primary circuit materials in water-cooled power reactors” (WACOLIN)
initiated, the objective being to prepare a comprehensive manual of good
practices relating to power reactor water chemistry (see paragraph 134 of
GC(XXXI)/800)’

131’ In connect ion with the co-ordinated research programme entitled
“Xxamination  and documentation methodology for water reactor fuel” (see
paragraph 136 of GC(XXXI)/SOO),  work started on the preparation of a guidebook
on the non-destructive examination of water reactor fuel, The final c.eport  of
a co-ordinated research programme on the “Development of co-:*rtsr  #l;;‘dels for
fuel element behaviour in water reactors” was issued.

132. A s tudy  o f  incent ives  f o r improving the design and utilization of
nuclear fuel in iight-water reactors was initiated, the objective being to
assess examples of improvements in - inter alia - fuel assembly design,
in-core fuel management, the use of burnable absorbers and fabrication
techniques fr’im the point of view of the effects on nuclear fuel cycle costs,
plant availability and capacity factors, reactor operational flexibility and
the back-end of the nuclear fuel cycle,
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133. Support was provided for technical co-operation projects on fuel
manufacture and post-irradiation fuel examination in seven countries, the
focus in the former field being on quality assurance and quality control
programmes to ensure safety and materials reliability through the
systematization of procedures and on upgrading the technical knowledge of
plant personnel.

(d> Spent fuel management

134. An Agency/NEA  symposium entitled "Back-end of the Nuclear Fuel Cycle:
Strategies and Options", held in Vienna, provided a forum for an exchange of
information on spent fuel management strategies and options (including
incentives for international co-operation) and on various technical, safety,
economic, environmental, legal and regulatory aspects of spent fuel and
high-level waste management; the proceedings were published by the Agency.

135. Work on a report entitled "Survey of experience with dry storage of
spent nuclear fuel and update of wet storage experience" (see paragraph 140 of
GC(XXXI)/800), which provides spent fuel management policy-makers and the
designers and operators of spent fuel storage facilities with recent
information on the technology of spent fuel storage under dry and wet
conditions and innovations in this field, was completed.

136. Work started on the preparation of a second edition of the "Guidebook
on Spent Fuel Storage" (Technical Reports Series No. 240) and on the
preparation of a technical report on safe spent fuel storage and possible ways
of avoiding fuel damage.

137. In a report prepared on spent fuel surveillance and monitoring methods,
it was concluded that, in order to ensure the safe storage of spent fuel,
monitoring becomes more necessary as storage times increase.

138. Under the co-ordinated research programme on the behaviour of spent
fuel and storage facility components during long-term storage (BEFAST-II, see
paragraph 144 of GC(XXXI)/800), in which 16 organizations in 13 Member States
are participating, recommendations were formulated for the preparation of a
report entitled "Research, development and practices for the extended storage
of spent fuel", with chapters on the long-term behaviour of spent fuel,
surveillance programmes and the operation of storage facilities.

139. The preparation of a status report on the feasibility of the separation
and utilization of palladium, rhodium and ruthenium from high-level nuclear
waste was initiated.

140. In a study of the economics of spent fuel storage, work started on the
development of a methodology for performing economic calculations and a
questionnaire was distributed to 45 countries engaged in spent fuel storage
activities or expected to become engaged in such activities in due course.

141. Technical documents on the following subjects were published: "Spent
fuel management: current status and prospects of the IAEA programme" (IAEA-
TECDOC-419); "Long-term wet spent nuclear fuel storage" (IAEA-TECDOC-418);
"Behaviour of spent fuel assemblies during extended storage" (IAEA-TECDOC-414);
and "Materials reliability in the back-end of the nuclear fuel cycle"
(IAEA-TECDOC-421).
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142 I The Agency co-opocrted with the Univerrity  o f  California  and the
Amoricm S o c f r t y  o f  Mochanicrl  En&ineerr (ASME) i n  organircina t w o  lar&+
conferoncefl, hold Jn USA and Hong Kong rrrpoct J vrly .

143, At the A&ency’a Symposium on the Back-end of the Nuclear Fuel Cycle nnd
at its Conference on Nuclear Power Performance and Safety, three reurionr were
devoted to warte management iaaues,

144, The national radioactive waste mmasement progrommrr of four developin&
countries were reviewed under the Waste Manaaoment  Advisory Programme (WMAP -
ueo paragr rph 151 of QC~XXXI)/600)I

145, Support warn provided for technical co-operation projects concerning
r a d i o a c t i v e  w a r t e  mana&ement  i n  Algeria,  Ban&ladesh,  C h i l e ,  C h i n a ,  E&ypt,
Indoneria, Mexico, Peru, the Philippinea,  the Republic of Korea, the Syrian
Arab Republic, Thailand and Turkey.

146 t The  18th annua l  ed i t ion  of  “Waste Management  Rerearch Abstracta”
(containing n e a r l y  8 0 0  abrrtractr f r o m  3 2  c o u n t r i e s )  was finalized f o r
publication,

147 1 An Lnterrosionel  trainin& course on the mmagement of radioactive waste
held at the Karlrruhe Nuclear Research Centre, Federal Republic of Qermany,
wau ottrnded by 30 participant8 from 25 developing c>untrirr,

148, At the request of the Swedish Government, a panel of experto convened
by the A&ency evaluated a Swedish report on the handling and final diepoanl of
nuclear wartie,

(8) Handlin&, treatment, conditionin&  and etorage of radiaactiv3 weateo

149. Reports were publiehed in the Technical Reports Seriee  on the “Design
of Off-gag and Air Gleaning Syatema at Nuclear Power Plants” (No. 2761, the
“Treatment, Conditioning and Dioporal of Iodine-129” (No. 274) and “Technique8
and Practices for the Pretreatment of Low- and Intermediate-Level Solid and
Liquid Radioactive Wartea” (No, 272).

150. Report6 on the treatment of alpha-bearing wastes, the solidification of
oqanic radioactive wastes5 the immobilization of low- an4 intermediate--level
wastee w i t h  polymera, t h e  deri,gn a n d operation of off-gas cleaning and
ventilation systems at faci l i t ies  handl ing low-  and intermediate- level
radioactive materiale, and the daeign and operation of off -gee  c leaning
eyrtems at hi&h-level liquid waste conditioning facilities were finr.lized  for
publication in the Technical Reporta Series,

151. Work continued on reports on the treatment and conditioning of abnormal
redioacti~:~  wastes at nuclear power plants and the treatment of off-gases f corn
radioactive waste incinerators, and work started on reports on the
conditionin of alpha-bearing waetee and technology and safety consideration
in evaluating conditioned spent fuel as a final waste form. A report on the
design and operation of off-gas cleaning and ventilation aystems at facilities
handling low- and intermediate-level radioactive material8 was prepared for
publication.
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152, Co-ordinoted research programmes on the  eva luat ion  o f  l ow-  and
intermediate-leval  sol id  warte f o r m a  and packales,  the retent ion o f  iodine and
other airborne radionuclider  during abnormal and accident conditions, and the
pr.rformsnco of rolidified high-level warte fonnr and engineered barriers under
repository conditiona continued, A co-ordinated rerearch programme on the use
o f  i n o r g a n i c  eorbentr f o r  l i q u i d  waste t r o a t m e n t  a n d  aa b a c k f i l l  a t
underground repositoriee woe initiated,

(b) Radioactive waste disporal

153 I A code of practice and guide to the code on the safe mona8ement of
wartes f r o m  the mining and milling of uranium and thorium orem (Safety  Serieo
No. 85) wae published,

154 I A technical report o n  i n - s i t u  experiment0 f o r  t h e  d i s p o s a l  o f
radioactive wastee in deep geological formations and an updated version of t’he
Radioactive Waste Managament  Qlorrary  were reviewed by the Technical Review
Committee on Underground Dimporal (TRCUD).

155 I Work continued on reports dealin with international otandards for the
underground dilrporal of high-level radioactive warter,  acceptance criteria for
t h e  diepoeal o f r a d i o a c t i v e  wartes i n  d e e p  g e o l o g i c a l  formationr, t h e
regulation o f  underground repositoriee  for the dispooal o f  solid radioactive
was tea, and borehole plugging and rhaft eealing in the underground dirpoaal of
long-lived radioactive wastes; all of  the reports were reviewed by advirory
groups or technical committeer  and by the TRCUD,

156 6 Work cant inued undsr a co-ord inated research programme on the
geochemistry of long-liVcld transuranic actinidee and fission products and one
on the migration and biological tranrfer o f  radionuclidee from rhallow land
burial citea.

157, A draft report on the role of  natural analogues in performance
eeeeeements o f  h i g h - l e v e l r a d i o a c t i v e  waete repoeitoriee was prepervd b y
conrultantn and reviewed by an advieory  group,

158 I Work on principles for the exemption of radiation sources and practice@
from regulatory control continued (see paragraph 168 of GC(XXXI)/dUO>,  A
draft report wae prepared on the application of exemption principlea  to the
recycling of slightly contaminated material8 from nuclear facilities,  and
plans were made to review tha interim principle8  for exemption contained in
IAEA-TECDOC-401 at a meeting to be organized  by the Agency and NEA in 1988,

159 I Work was completed on a report entitled “The Environmental Behaviour of
Radium” containing contributions from more than 50 experts and constituting a
unique work of reference on the worldwide dietribution  and the behaviour of
environmental radium and on methods for determining and controlling it.

160, Work otarted on the development of a practical methodology for the
assesement of individual and collective radiation doeee, the  aiq being to
produce a manual inten6ed  primarily for use Sn developing countriee,  and on a
supporting document with data on radionuclide transfer in the terrestrial
environment a

161. A report on method8 for oeeessing the relt#.btlity  of the prediction6 of
environmental transfer models was prepared for publication.
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162. During the continuing moratorium on the diepoeal at Bea of low-level
radioactive waotee agreed by the Contracting Partiee to the Convention on the
Prevention of Marine Pollution by Dumping of Waetee  and Other Matter (London
Dumping  Convention), the Agency - in ite etatutory role - assisted the London
Dumping Convention :.n answering certain queetione raised by Contracting
Parties and in performing studies intended to further clarify iseues related
to the ra4iological  and environmental impact. of eea diepomel, An Agency
repert on the potential impact of the sea dfepoear of low-level radioactive
watatee  on living masine reeourcee  wae approved for publication,

163. A draft report on the eetabliehment of upper bound8 of individual
radiation dome was revitaad in preparation for a technical committee meeting to
be held in 1988. The report ie generally applicable, but ia expected to be
particularly valuable in relation to the oea diepoeal of radioactive wastes.

164. A GESAMP 113 I working group, with the Agency aa the lead ?rgunization,
continued work on the modelling of coaetal  marine environments,

pecontamination  and deconunw of nuclear facilitieen

165, A report on methods for reducing occupational expofwreta during
decommiesioning was publiehed (Technical Reports Serieo No. 278), Two report8
were prepared for publication - one on the decontamination and demolition of
concrete and metal structures during decommissioning and the other on factors
r e l e v a n t  t o the recycling and re-ut3e o f component8 arieing from
decommierioning  and refurbishment. A draft report on the development of
regulatory procedure@ for decommissioning wee prepared for review by a
technical committee,

166 I A eympoaium on decommisrioning epontaored by the US Department of Energy
in co-operation with the Agency  and NEA and held in Pitteburgh, USA, was
attended by 625 participants from 19 countriee.

167. An advieory group drafted a report on the clean-up and decontamination
of very large areas contaminated aa a result  of nuclear accidents - the first
report to take an integrated look at the planning and technology required for
cleaning up such areas eafely and efficiently.

t131 I~O/FAO/UNESCO/Wl4O/WO/IAEA/UN/UNEP  J o i n t  G r o u p  o f Expert.6  o n  t h e
Scientific Aepecte of Marine Pollution.
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s
NUCLEAR SAFETY AND RADIATION PROTECTION

Safety of nuclear installationa
168, Ten OSART missions were conducted to enhance safety at nuclear power
plants operating or under construction in aeven countries - Canada, the
Federal Republic of Qermany, Italy, Mexico, the Ratherlands,  Spain and USA.
Expert0 from 29 Member States (with 19 observers from 11 developing, countries)
carried out in-depth review0  of operating organieat ion management programmes,
plant operation, maintenance, personnel training, technical support,
chemistry, opacat ing experience feedback , radiological protection and
emergency preparedness, Preparatory work was done for 1988 miseiono to Italy,
Hungary and Sweden. OSART guidelines were published and a first report on
generic OSART findings, baaed on the result.8 of missions through May 1987, was
prepared for publication,

169. Under the Operational Safety Indicators Programma  (OSIP), plont-
apecif ic safety indicators, which  he lp  ident i fy  key  area8 for  in -depth
investigation, were developed in preparation for the OSART mieaiona to Canada
(Pickering), the Federal Republic of Qermany (Philippaburg),  Spain (Almaraz)
and USA (Calvert Cliffs),

170, The number of r e p o r t s  t o  t h e  Agency’8 Incident Reporting System
(IAEA-IRS) on unusual operating, surveillance and maintenance event@ at
nuclear power plants increased from 266 to 421. Repreaentativea  of CEC, MEA,
NEA and the Agency met to consider better weya of avoiding duplication and
increasing international co-operation in operational experience feedback at
a l l  l eve l s , The safety eignificance of recently reported events was asaeased
at three meetings of national and regional reporting system co-ordinatorr,
account being taken of different users* points of view and of the difference8
in conditions between different plants and countries, Using the ASSET
methodology, the IRS data base was reviewed for the purpose of identifying
reported events on which in-depth exchanges of experience might be useful and
poesible generic root cause8 of reported events, Work started on developing a
mechanism to facilitate IRS data exchange by personal computer, Incident
reporting ayetem guidelines were prepared for publication as a Safety Series
document, and work started on the preparation of guidelines concerning various
aspects of operating exPerience  feedback theory and practice.

1710 A broad spectrum of the nuclear power community - operation and
maintenance technical and managerial s taff , regulatory body atoff,
architect-engineering and consulting orgenization  staff, and vendor technical
and managerial staff - attended the Agency’ta first symposium on safety aspects
of the ageing and maintenance of nuclear power plants, On the basis partly of
the  symposiumg a  resul ts , a s ta t e -o f - the -ar t  r epor t  on  sa f e ty  aspects of
nuclear power plant ageing was completed for publication in 1988.

172, The Agency’ 8 five NUSS Codes of Practice were reviewed and, where
deemed necessary, revised in the light of Member States’ comments, prior to
submi.seion of the Codes in 1988 to the NUSSAG advisory group and the Board of
Governors.

173, A document on the management of aevure  pccidente was drafted as part of
continued efforts to aseifit Member States in understanding severe accident
phenomena, in developing symptom-oriented procedureo for handling such
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accidents  and ir‘ the  organieation of trainin& related to  aeverta accident
management, At an information exchange meeting on the potential for severe
reactivity-initiated  accidents in reactors of all types,  the participants
identified a number of teaks which need to be performed in this area, A
state-of-art report was completed on hydrogen generation in water-cooled
nuclear power plant accidentr.

174 I Eleven nuclsar fac i l i ty  citing missions were sent  to  e ight  Member
States, and the Agency sponsored a four-week national workshop in Yugoslavia
on special civil  engineering requirements in  the  s tructural  des ign and
construction of nuclear power plants, Quidelineo were formulated for the
preparation of safety analyeie reports on prospective nuclear power plant
s i tes , Also in the context of nuclear facility siting, documents were
prepared on s e i s m i c  p r o b a b i l i s t i c  s a f e t y  aaaeaament, hydrogeology, dose
uaaeeament  and f lOOdin&  due to dam breaks, Continuing its co-ordination of a
project to collect historical circum-Uediterranean  seismicity  data, the Agency
published a document on methodology and procedures, organized  workshops in
Madrid and Rome and started a quarterly newsletter,

175, Work continued on an in-service inspection manual (intended to
supplement NUSS guide 50-90-02) with practical examples of good management by
Hember State organizations with broad experience o f  nuclear power plant
operations, Two training courses on operational safety were organised, one at
Argonne, USA, and the other at Wejherovo, Poland, A eet of guidelinea for the
taelection of devices for helping reactor operators to reduce the chance of
error was f inalized.

176, Codes available on the Agency's computer were used by 25 experts in
analysing the safety of nuclear power plants in four Member States. In
co-operation with the Central Research Institute for Physics of the Hungarian
Not ional Academy of Scienses , the Agency eponeored a second “standard problem
exercise” relating to a loss-of-coolant accident simulated on the Institute’s
scale model of a WWER-440 reactor.

177. The International Nuclear Safety Advisory Group (INSAG) approached the
end of its work on the formulation of basic principles for the safety of
existing and future nuclear power plants. Aleo, INSAG  issued a technical note
on the importance of operating experience feedback,

170. The Secretariat sent to 64 Member States operating or planning to
operate nuclear power plants a questionnaire on regulatory practices and began
to analyse the replies received.

179, INSARR (Integrated Safety Aeaeeement of Research Reactors) missions
visited research reactor facilities in Columbia, Finland, Norway, Peru and
Thailand, the one in Norway being the first in a developed country to be
vieited by such a mission, Work continued on the preparation of documents on
research reactor safety principles and criteria and the safety assessment of
research reactors ; also, work started on a document on safety aspects of the
modification of research reactors. A co-ordinated research programme on
probabilistic safety assessment (PSA)  case studies of safety characteristics
of  speci f ic  reactor types continued, To ass is t  in  analyses  of  research
reactor thermal hydraulics, a microcomputer code was developed under Agency
contract at a Greek research centre,
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and risk aseers&

180. Within the framework of an interregional project PSAs were carried out
for nuclear power and reoearch reactors in 18 Member Statea,  a five-week
trainin course woe held in Madrid on P8As in the operation of nuclear power
planta, a PSA. computer code library was eetobliehed,  and a personal computer
taoftware packale was developed for fault and event tree anolyrita,

181, The final report on a co-ordinoted rerearch programme on nuclear fuel
cycle risk criteria was completed. A co-0rdinatc.d  research programme on PSA
data col lect ion and analyoie  and one on the probabilietic  modell ing of
accident sequences were initiated,

182. The Agency, UNEP and WHO agreed to initiate a project on aeeeesing  and
mansBin&  health and environmental rieke from energy oyetems and other complex
industr ia l  ayrtems, In preparation for thie project, work started on the
formulation of guidelines for Member State case tatudiee and miesiono went to
Thailand and the Philippines,

ion protection

183 8 Work continued on the formulation of gUidanCe relating to: occupational
radiat ion monitoring; personnel radiation doeimetry; external exposure
monitoring; monitoring instrument calibration procedures; the systematic
apprairal and the optimization of operational radiation protection programmes;
radiat ion prctection  rervices at nuclear power plants and research reactor
facilitier; and the cafe hanr’ling of tritium and of industrial and medical
radiation Bourcea, A study wao initiated on the international comparioon of
perronnel doeimeters.

.184. Work aloo continued on the formulation of guidance relating to: the
settin of effluent release limits; potential expoeuree from the disposal of
radioactive wastes; the setting of global dose upper boundts; monitoring for
radiation protection of the public; and the limi,tation of uranium mining and
millin ef f luente , In addition, development work continued on real-time
models for forecasting exposures  in the event of a nuclear accident and on a
data base for use in aeeeeeing individual and collective doses.

185. On the baeie of propotaale made by a number of Member Stateta  and
international organizatione, changes to the Agency’ 8 Regulationta for the Safe
Traneport of Radioactive Materials were approved for publication in 1988 (eta a
supplement to the Regulationa). Supplements to the Regulations published in
1987 were: Explanatory Haterial  on the Regulation8 for the Safe Traneport of
R a d i o a c t i v e  Hateriale  ( S a f e t y  S e r i e s  N o .  71, Advisory Material on the
Regulation6 for the Safe Transport of Radioactive Materials (Safety Series
No. 37), and Emergency Response Planning and Preparedneee  for Transport
Accidents Involving Radioactive Rateriale (Safety Series No, 87).

186 1 A co-ordinated research programme on radiation protection implications
of radioactive materials transport accidents began with a meeting in Japan. A
technical document on uranium hexafluoride transport safety wp.8 issued.

187. The Agency and WHO co-taponeored meetings on epidemio~ogical methodology
(in connection with a Soviet study of possible long-term effects of radiation
on persons exposed to radiation as a reeult of the Chernobyl accident) and on
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biological doeimetry  for accident8 causing the exposure of worker8 and of
member8 of the public. A co-ordinated research programme on chromosome1
aberration analysis continued,

188 I An Agency-sponsored meeting on the medical handling of skin lesions due
to high-level accidental irradiation included the consideration of experience
with such lesions following the Chernobyl accident, Work continued on ways to
incorporate into basic and post-graduate medical and paramedical training the
teaching of basic principles for assessing  and treating radiation injuries.

189 I Work continued under co-ordinated research programmes on chest phantoms
for estimating plutonium in the lungs and on report8 on assessing and treating
serious overexposures, A manual for occupational physicians on radiation
protect ion in  occupational  health (Safety  S e r i e s  No.  83) and an iseue of
Health Physic8 Research Abetracts were published,

190, An overview of available guidance on emergency planning and
preparedness was provided in a publication on technique8 for decision-making
in - and for assessment of the off-site consequences of - an accident at a
nuclear facility (Safety Series No, 06>, Two one-month interregional course8
were held on planning and preparedness for and response to nuclear accidents
and radiological emergencies.

191 I Assistance was provided to Brazil in connection with the Goiania
accident by the Agency, by several countries through the Agency and by several
countries directly within the framework of the Convention on Assistance in the
Case of a Nuclear Accident or Radiological Emergency, The Agency continued to
develop it8 ability to perform it8 functions under that convention and under
the Convention on Early Notification of a Nuclear Accident. Agreement was
reached with WMO on the use of WMO’s  Global Telecommunication System for the
transmission of data in a radiological emergency,

192, Guidance was developed on the rapid report ing, compilation and
dissemination of voluminous post-accident data and on post-accident monitoring
principles for public protection. From a review of Safety Series No. 72, on
principles for establishing intervention levels for the protection of the
public, it was concluded that the principles were valid for a major nuclear
acc ident  but  tha t further guidance was needed on their  appl icat ion,
particularly at locations remote from immediately affected areas and over
extended periode. The Agency continued to co-operate with other international
agencies in trying to achieve a more uniform approach t o  the  s e t t i n g  of
derived intervention levels, particularly for foodetuffs,

193 * National radiological data provided in response to a joint request by
the Agency and WHO were collated by the Agency for use by the United Nations
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR)  in assessing
the radiological impact of the Chernobyl accident.

194. I adiation Protection Advisory Teams (RAPATs)  reviewed infrastructure8
in eight countries (Colombia, Jordan, the Republic of Korea, Peru, the
Philippines, Sudan, the Syrian Arab Republic and the United Republic of
Tanzania) in o r d e r  t o determine priorities and recommend long-term
programmes, Three other countries (Greece, Turkey and the United Arab
Emirates) received mission8 limited to special topics,
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195, In response to prior RAF’AT findings, regional environmental
radioactivity monitoring and radiation protection service programmes were
organized for some Middle East countries and work started on the formulation
of a standardieed  radiation protection service programme; also, 12 Member
States in Asia and the  Pacific region initiated steps to co-ordinate their
radiation protection activities.

196. During 1987, there were 94 technical co-operation projects under way in
the field of radiation protection, Missions (other than RAPAT  missions)
visited Egypt, Jordan, Nigeria, Peru, the Philippines and Viet Nam to assist
with radiation protection matters, Also, radiation protection was an integral
part of the INSARR missions mentioned in paragraph 179 above.

197 I Also during 1987, the Agency organised (in Yugoslavia) an international
seminar on computer applications in radiation protection, (in the United
Kingdom) an interregional training course on radioactive materials transport,
and (in Argentina, the German Democratic Republic, Egypt and France) general
radiation protection courses. In addition, four ARCAL  meetings on radiation
protection were SpOnSOred,

198. Lecturers were provided by the Agency for international courses in the
Federal Republic of Germany, USA and Yugoslavia organised to meet the training
needs of other Member States.

Phvsical protection

199 I A seventh international training course on the physical protection of
nuclear f a c i l i t i e s and material8 was held in Albuquerque, USA, and
preparations were made for an eighth - planned for 1988,

Radiation protection services

200 I Various environmental, food and human contamination measurements were
d o n e  a t  the  Seibersdorf  Laboratories in connection with the Chernobyl
accident. Personnel monitoring services continued to be provided on a routine
basis to Agency radiation workers, to technical co-operation experts on
mission and to trainees from Member States,

201 I Personnel thermoluminescence dosimetry services were provided for three
countries (Nigeria, Sierra Leone and the United Arab Emirates) where GUCh
services were not available locally.

202. Technical co-operation missions visited six countries (Kenya, Morocco,
Mauritius, Madagascar, thg United Republic of Tanzania and Zimbabwe) to help
establish or improve national radiation protection services. Fellows from
five countries (Ghana, Kenya, Sudan, the United Republic of Tanzania and
Zimbabwe) were trained in Vienna for 13 weeks in the provision of radiation
protection services, and a radiation protection officer from Egypt spent some
time as a scientific visitor at the Health Physics Laboratory located at the
VIC *
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FOOD AND AGRICULTURE

&&I fertility. irrieation and crop Production

203 I AGGi8tance to Msmber States wan provided through 64 research contracts
and figreemerlt.F: and 70 technical co-operation p;*ojacts.

204 I Work  c.lnt.Cnued under thcr co-ordinated research  Frogramme for maximising
crop yld,do i n  patatxti  wyrrems t h r o u g h  Cho i n c r e a s e d  utilization o f
atmuepheric  n!,tt*oben i n s t e a d  o f  cor:tly v.Ct;rogen fertilizers, ReBUltB  were
obtaiired indicat ing that  mc?t pasture  1egumu:s  are  abla to  derive from the
atmoeyhvre alnost all the nitrogen they require when they are grown together
wl th t.radit1 .XM L grasses and that  the mlxtlrrt! enhunces the growth of  the
aGGOC;ated graYG(BG, GO that there is no need far !dtrogun  fertilitere.

205 a 4ueesccfr  Mmed a t  ,\\&1xirnizing  the  banef i t s  o f  &olla-Anabaena GymbioGiG
in the bf elog~crrl nitrqen fertilizb,: ion Of rice paddies cant inued ,
nitrogen-15 9cing k.oe4 ;n cc>mpRring  nittllJgen availability in different species
of gzoll~l

206. In recognit..ion of r.he fact t.hat inadequate watnlr  is the most important
constraint on &yricult:ura proUuction, soil water measurement and management
studies involving tna 1~3 66 both nuclear and non-nuclear methods continued in
many parts of tblJ worlR, t h e  smphaEi8 remair.ing  o n  h e l p i n g  irrigatior
8pecialiGtG, agronomistti  and other professionals to choose the methodology
most appropriate to thrrir  needs,

207, Isotope- and radiation-aided studies of the biological amelioration of
salt-affected GOING  continued, with the selection of a number of crop
v a r i e t i e s  which are  sal t - to lerant  under various  local  so i l  and c l imatic
Condition8 in eight different countries. The preparetion of studies aimed at
enhancing biological nitrogen fixation and fertilizer and water UBe
efficiency, and thereby increasing crop yields under conditions of high soil
salinity, continued.

206 I Training course8 on the use of isotopes and nuclear techniques in
studies of soil-plant relationship8  were hold at the Agency’s Agricultural
Laboratory at Seibersdorf, AUBtria, and in Leipzig, German Democratic
Republic. In addition, nine fellows and seven scientific visitors received
epecialized  t r a i n i n g  i n  t h i s  a r e a  a t  Seiberedorf for  a  to ta l  o f  58 .5  man-
months.

209 I Within the framework of the African regional project on biological
nitrogen fixation, a workshop was held io Accra, Ghana,

Plant breeding and genetics

2i0, Assistance to Member States was provided through 34 technical
co,-operation projects.

211. The turther develr\pment  of mutation breeding technology was promoted
through 64 research contracts, 35 research agreements and one technical
contract,, w i th  the  focus on  the  use  o f  in-Yitro  cu l ture  techniques in  the
mutation breeding of root  and tuter crops and cereals. .A co-ocdinated
research prograalme  aimed at improving the technology of k:;*eeding  for disease
resistance by means of in-vitro cultures was started.



212, In the field of mutation breeding, ~1 number of in-vitro culture
technique8 developed at the ABency’a Agricultural Laboratory, euch ao the ;
smbryogeneflle of banana and cocoa, were handed ovar to breedero in developin
countriee and some banana planta obtained with the help of in-vitro culture

i

technique8 were traneferred on a trial basin to banana-growing countries for
selection, A training course way hosted and a number of fellowehip  hold, 7:s
were given practical training in mutation induction and aoeptic plant tiesue
culture at the Agricultural Laboratory, R a d i a t i o n  eervicee f o r  m u t a t i o n  .
induction were provided to Member States submitting seed samples for treatment,

213 I A co-ordinated research programme on reducing the genetic vulnerability
of Aeian rice cultiv?re by identifying alternative germ plaem for short-culm,
lodging-resistant cultivars  was completed, More than 30 new mutant stocks of
rice were made available to rice breeders, among them a oemi-dwarf, high-
yielding  form of the very popular South Asian aromatic variety Baemati 370,

214 I Within the framework of ARCAL,  a training course was organized on the
production of doubled  heploids of cereals through anther c u l t u r e ,  a
biotechnological method which ie very ueeful for  accelerat ing mutat ion
breeding, The course was attended by en,ientieta  from sight Latin American
countries,

Animal production and health

215. Assistance to Member States was provided through 154 research contracts
and agreements and 40 technical co-operation projects,

216, A co-ordinated research programme on the optimization of grazing animal
productivity in the Mediterranean  and North African regions and one on the
study and control of parasitic diseases in livestock were completed and the
results prepared for publication early in 1988.

217, Co-ordinated research programmes cant iqued o n tho reproductive
efficiency of cattle, sheep, goats, buffaloes and cameloido in Latin America
(within the framework of ARCAL), on the productivity of domestic buffalo in
Asia (within the framework of RCAj and on the productivity of sheep and goats
in Africa and Asia I

218. Work continued under a co-ordinated research programme on the use of
radioimmunoassay and enzyme immunoassay procedures in monitoring reproductive
efficiency and one on the diagnosis of diseases ir. livestock in developing
countries - both funded from extrabudgetary resources provided by the Swedish
Internat  ional Development Authority (SXDA) and the Technical Asaietance
Department of the Netherlands Ministry of Foreign Affairs.

219 I An FAO/lAEA seminar for Latin America on improving the reproductive
efficiency and health of livestock through radioimmunoassay and related
techniques was held in Harecay, Venezuela . A t  Seibersdorf, a n  YAO/IAEA
interregional training course was held on the use of isotope-aided techniques
in ruminant nutrition studies and si.x f~~llows received training either in
animal nutrition work or in the use of radioimmunoassay techniques. A
training workshop on monoclonal antibody production, DNA labelling,
hybridization techniques and ELISA techniques1141 was held in Uppaala, Sweden,
for SIDA-funded researchers in disease diagnosis.

1141 ELISA: enzyme-- 1 iirked immunosorbent assay.



220, Arriatance  to Member States continued through 38 research contracta and
agreementa and 16 technical co-operation projecte.

221, The BICOT project [ 15 I was concluded in June, with the eradication of
Oloreina P  P@- from the 1500  km2 pro ject  area. FOllOWin reduction of
the natural population by means of ineecticide-impregnated ecreene, rsdiation-
L C.erilized m a l e s  o f  t h e  target epeciee were released to mate with the
r raining wild females, and eradication was achieved within 3-5 months in each
zone of the project area, However, fly monitoring  (including trapping) within
and at the periphery of the project area continued as a precautionary measure
in case the project area ie re-invaded,

222, At the request of the  Nigerian bovernment, plans were initiated for
extending the project to cover an additional area of 10 000 km2,

223. Through the BICOT project, eignificant  progress was made in the use of
artificial di*te and locally collected blood for mass-rearing tsetse flies,

224, Fourteen fellows and one scientific visitor receirred a total of 72 man-
months of training in  the  s ter i le- insect  technique &Ed in  other , related
insect control techniquee at Seiberedorf,

225, A significant achievement in genetic sexing research was the euccestaful
ioolation  o f  a  g e n e t i c a l l y  s e x e d  s t r a i n  of  the  Med i t erranean  f ru i t  f l y
(medfly) on the basis of pupal colour. The strain, which is being used in
field trial releases during 1988, was reared through ten generations,

226, Co-ordinated research programmes continued on the genetic sexing of
medfliea through the manipulation of radiation-induced conditional lethals, on
methodologies for ueing the eterile-insect  technique in teetse fly eradication
or control, on the use of radiation-induced F-l sterility in Lepidoptera for
area-wide control, and on the standardization  of medfly trapy .ng for use in
sterile-ineect technique progrtimmea,

,727 * Recently initiated research indicated that media used in thlq -earing of
medfly larvae could usefully be recycled.

Azrochamicals and reeidues

228. Aseistance  to Member States continued through 73 research contracts and
agreements and 13 technical co-operation projects,

229. Co-ordinated research programmes continued on pesticide residues in
stored grains, food plants and rice-fish ecosystems,  on controlled-release
peeticide  formulations, on the fate of persistent pesticides in the tropics,
on impt.dving rural methane production from biomass, end on assessing the
impact of bound pesticide residues on non-target organiams.

230. Research continued at Seibersdorf on the development of analytical
methods, the development of improved pesticide formulations and the quality
control of radioisotope-labelled pesticides. Also, radiotracer studies

[151 FAO/IAEA/Government of Nigeria Project for the  Biological Control of
Tzetse Flies by the Sterile-Insect Technique.
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continued at Seiberadorf in connection with an Italian..nupported project, in
Kenya, on developing methods for the determination of t r y p a n o c i d a l  d r u g  t
residueta  ifi cattle,  [161

231. An international symposium on “Changing perspectives in agrochemicalo:
ieotopic  techniques for the study of food and environmental implicationo” wan
held at Neuherberg, Federal Republic of Germany, I t  wao a t t e n d e d  b y
70 participants from 40 countriee, most of them from daveloping  countries.

232. An interregional training course on the use of nuclear and aseociated
techniques  in  penticide  research,  held  in  Texas ,  USA,  was  at tended by
21 ecientists  from developing countries.

Food Preeervation

233 e Assistance to Member States continued through 48 research contracte  and
agreements and 25 technical co-operation projects.

234, Activities of the International Consultative Group on Food Irradiation
continued to gain momentum in the areas of acceptance, process control and
public information, Guidelines for major application: of food irradiation and
a curriculum for food irradiation process control courses aimed at training
irradiation facility operators and food control officialo were prepared for
circulation to nat ional authorities for comment, A workshop on food
irradiation was held for food control officials and one on the use of food
irradiation as a quarantine treatment was held for Latin American and
Caribbean count.rieti, A video filn: to inform the general public about the
safety and efficacy of food irradiation waa made.

235. Within the framework of the second phase of the Asian Regional
Co-operative Project on E’ood Irradiation (tiee paragraph 254 of GC(XXX1)/800),
commercial-scale multipurpose irradiators  f o r  servic ing  food a n d  non-food
industries were built in the Republic of Korea  and Pakistan; aleo, the
construction of demonstration !.rradiatoi*s  started in Bangladesh,
the Philippines and Thailand,

236. At the end of 1987, the number of countries in which one or more
irradiated  food items had been approved for humen consumption was 33; the
number of Cemonstration/commercial irradiators available for treelAng food
was 30, in 20 countries. During 1987, Canada, China, Cuba and France
installed at leawt one such facility, and others were under construction in
China, France and USA.

237. Within the framework of ARCAL, a  regional training course on food
irradiation way organized in Buenoo Aires, Argentina. Economic feasibility
assessments were carried out in Brazil, Colombia and Ecuador. A co--ordinated
reeuarch programme for a number of countries in Europe and the Middle East was
establishad with emphasis on the harmonization of legislation and the transfer
of technology to the food industry.

238 I A consultants’ meeting on the use of irradiation in combination with
other processes was convened to evaluate the possible role of irradiation in
reducing dependence on chemicals and refrigeration in developing countries,

~161 See pare. 329 below.



LIFE SCIENCES

-cationa

239, Within the framework of ARCAL, an EEC-supported programme woo eet up to
promote the UIIO of bulk reagents for radioimmunoaerayr’ Under a eimilar
programme being conducted within the framework of RCA, bulk reagents were
supplied to ten countries; at  the  lame t ime, rome participating countries
developed the capability o f  producting such reagents themeelvee’ A  regional
train-the-trainer0 course on “Data proceoeing in radioimmunoasoay” was held in
Jakarta, Indonesia,

240. Reeearch co-ordination meeting8 were held to review progretata in the
following co-ordinated research programme@:
radioisotopic technique8 for

( i) Ua;ef;;edirradiat  ion and
the development of vnccineu for

rchietosomiarir, ( i i )  Development  o f  nuclear and related techniques  for
monitoring malaria vectora, (iii) Evaluation of nuclear medicine imaging
procedures for diagnouie  in liver disease and (iv) Quality control proceduree
for nuclear medicine inrtruments’

241’ National workrhope were held on “Quality control of nuclear medicine
inrtrumants” in Colombia, Pakistan and Thailand’

242, A workshop related to the co-ordinated research programme on
“Radioaerorol inhalation imaging for the diagnosis of reepiratory  dieeaeee in
developing countrier” wag held in Bombay, India,

243, An interregional training course  on nuclear medicine held in Moscow was
followed by a study tour of nuclear medicine centres in the Soviet Union.

244. A regional eeminar on the u8e of nuclear techniques in dealing with
poraeitic infections was held in Nairobi, Kenya’

245 n Technical advice and aesiatance in the field of nuclear medicine were
provided within the framework of 110 technical co-operation projects,

Radiation biology and radiotherapy

246. A protocol of technical procedures for  use in  t h e  s t e r i l i t y  q u a l i t y
control of radiation-eterilieed biological tissue grafts for clinical use in
Auia a n d  t h e lacific r e g i o n  wat3 formulated under a co-ordinated research
programme’

247, The latest version of the Agency’s code of practice for the radiation
eterilization of disposable medical supplies was prepared for publication,

248. At a research co-ordination meeting on the radiation sterilization  of
medical supplies held in Zambia, the progreEts  achieved in Africa and the
Biddle East wata reviewed.

249 I The results of two co-ordinated reeearch  programmes dealing with the
improvement of cancer therapy by combining irradiation with chemical treatment
and hyperthermia  were reviewed at meetings held in India and Turkey,

250 a The proceedings of the symposium on ‘Radiotherapy in developing
countries” were published.
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251, A training course on brachytherapy of cancer of the cervix uteri uring
manual afterloading  woe held in Egypt, where an Agency/WHO  technical
co-operation project with particular empharir on the early diagnorir and aarly
brachytherapy of cerviorl cancer continued,

252. The uoe of nuclear techniquer i n  t h e  f e r m e n t a t i o n  o f  camaava  warn
promoted through a co-ordinated reuearch programme in which 12 llember Stater
participated,

253, An interregional training course o n  applicationr  o f  r a d i a t i o n - a i d e d
cytogenetic techniquer in the l tudy of biomedical, environmental hralth and
radiation protection problems was held in Japan and attended by participanta
from 20 l4ember States,

254. Technical advice was provided i n  connec’cion w i t h  1 5  t e c h n i c a l
co-operation projecta.

255, The scientific committee of the network of Secondary Standard Dorimetry
Laboratories (SSDLa)  recommended that the Agency’r programme for improving thr
coherence and accuracy of SOUL reference inrtrumentation (the CARE programme)
be extended to include radiation protection dorimetry standard.cr  at SSDLs,

256, At an IAEA/WHO symposium on dosimetry in radiotherapy, held in Vienna
and attended by participants from 33 Member Stater, it waa concluded that the
method8 for determining absorbed doae had been oignificelli-ly improved in
recent yeara, but that at many hospitalr  the goal of delivering the tumour
dose within an uncertainty range of & 5% hill could not be attained,

257, A workrhop-seminar  on calibration proceduree in SSDLr woe held in Kuala
Lumpu r , Malayeia, and an RCA workshop on photon, electron and neutron
dosimetry in radiotherapy was held in Seoul, Republic of Korea,

258. An international code of practice entitled “Absorbed dome determination
in photon and electron beams" woo publiuhed in the Agency*0 Technical Report@
Seriee.

259, The number of radiotherapy hoepitalr participating in the cobalt-60
potatal dose intercomparivon  eervice being conducted by the Agency and WHO rose
to about 140,

260, A co-ordinated research prngramme on electron high-daee intercomparioon
for induetrial  radiation proceueing  woo completed, and one on the testing of
the s&ode of practice for absorbed doee determination in photon and electron
beams (see paragraph 258 above) wata initiated.

261. The development of a transportable reference-class ionization chamber
doeimeter for use in radiation therapy wag completed and ite performance
tested, and work on developing a transportable reference-claos doeimeter for
uee in radiation protection was initiated,

262. Routine calibration eervicee were provided by the Doeimetry Laboratory
at Seiberedorf for Member States on request, and a training course on SSDL
a c t i v i t i e s  was he ld  wi th in  the framework o f  an introductory course on
radiation protection 8eru ices,
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263, During the second year of operation of the international high-dose
aarurance  s e r v i c e  (IDAS - see paragraph 266 of aC(XXXI)/800),  72 doae checks
were performed f o r  2 7  high-.doae i r r a d i a t i o n  facilitiee u s e d  f o r  f o o d
irradiation in 18 Member States,

264, The preparatory testing  waa initiated of reference doaimetry aystema
developed for an international doae aaaurance service for electron irradiation
fac i l i t ies ,

265. Araiatance  to Member States continued through 27 research contracts and
agreements and 25 technical co-operation projects,

th-related environmental studies

266, Reuearch  co-ordination meetinge w e r e  held to  review progress  in  a
co-ordinated research programme on dietary intakea of nutritionally important
trace elements aa measured by nucleur  and other techniques and in one on tho
significance o f  hair mineral analyaie as a  means of assessing internal body
burdens of environmental pollutants,

267, A co-ordinatsd research programme (with 14 participants) on the use of
nuclear-related techniques in the study of environmental pollution associated
with oolid waster waa initiated,

268. A technical report on applicetiona  of ahort-lived activation products
in the neutron activation analysis of bio-environmental epecimene and a
training manual on the use of nut lehr techniques in health-related
environmental research and monitoring were published, Also, publications
dealing with analytical quality control and applications of nuclear techniques
in human nutrition research were issued + Poveral newsletters and
bibliographies were iaaued for participants i n  co-ordjnated research
programmea I

269, Various  intercomparison materials  (containing tho stable  i sotopes
deuterium, carbon-13, nitrogen-15 and oxygen-181 were prepared for use in
human nutrition research  (these materials are now available under the Agency’s
analytical quality control programme). A review article on this subject was
published in the “International  Atomic Energy Agency Bulletin",

270. Aeaietance  to Member States continued through 58 reeearch contracts and
agreements and three technical co-operation projects,
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PHYSICAL SCIENCES

Nuclear ohyaica

271. The Agency continued to assist
programmes into the curricula of

i n  i n t r o d u c i n g  nut lear s c i e n c e  .i
universities in a number of developing Member i

States, through the provision of advice on the organization of training/
research laboratories and through the supply of equipment for laboratory
demonstrations.

272. Training courses were organised  entitled on nuclear instrumentation, on
interfacing between small computers and nuclear experiments, and on X-ray
fluoreecence  (XRF) spectroscopy, Software package8 for XRF spectroscopy were
developed for coat-free distribution to interested  laboratoriee’

273. Within the framework of ARCAL, seminars, workshops and technical
meetings on nuclear instrumentation were held and a spare parts project for
Latin America was launched.

274, A technical document entitled “Troubleshooting in nuclear instruments”
wan published.

Research reactor ausmort programme

275, In  the  area of research reactor  ut i l izat ion,  a  symposium on the
utilization of multi-purpose researct’ reactors and on related international
co-operation bias held in Grenoble, France, Many examples or’ internat ionel
co-operation in solving scientific problems were presented at the aymp~siur,~,
which has aubaequerrtly  led to a greater involvement of a number of developing
countries in such co-operation.

276, A report wae prapared on techniques used and practices followed in the
neutron doping of silicon, the aim being to assist research reactor operators
in developing the capability of producing doped silicon, which can be an
important source of income’

277. A research co-ordination meeting on ways of improving radioisotope
production in research reactors was held in Madrid.

278, Activities relating to the conversion of research reactors in order
that they may use low-enriched urani’,!m (LEU) fuels included: completion of a
report on the  standardization of  plate-.type  LEU fue l  spec i f i ca t ions  and
inspection proceduras; a training course on reactor calculations with small
computere; and a co-ordinated research programme (within the framework of
ARCAL) o n  t h e  a n a l y s i s of research reactor cores with a view to their :
conversion to LEU fuels.

279. Other research-reactor-related activities included: a\ RCA training
course on the operation and meintnnance of research reactors; the preparation
of a report on the upgrading of instrumentation and control systems for
research reactors ; and updating of the publication “Nuclear research reactors
in the world”.

- 51



280. The ‘INTOR  Workshop completed ito work on the critical aepecta of a
next-step tckamak reoctor[l7], helping to lay the scientific and technological
f o u n d a t i o n  f o r  t h e  rtart  o f  a  c o n c e p t u a l  design o f  a n  I n t e r n a t i o n a l
Thermonuclear Experimental Reactor (ITER)  - an international project which has
just been initiated undrr the ouspicee of the At&rncy,

281, Several technical committee meeting8 and epecialistta’  meetingo were
held for the purpoee of exchanging information on current aspects of fusion
reeearch I

282 a The Agency continued to aosirt deVelOping  Member Stater engagcrd  in
fusion and plaomo physics programmes with information exchange and the
co-ordFnation  of activities between them,

283, As part of the Agency’s efforto to promota the transfer  of nuclear
techniquea employed in industry, rupport waa provided for 133 technical
co-operation project0 in 47 countries,

284. The last research co-ordination meeting on the radiation fmmobilization
of bioactive material8 wau held in Beijing, China, and preparation of the
report on the co-ordinated reoearch project in quertion etarted,

285 0 WOC” continued on the preparation of a manual Wan radiation technology
in biomedi!;.,:  i applicationo,

286, The firat rerearch  co-ordination meeting under a co-ordineted research
progrnntme on the radiation degradation of organic materiels in radiation
environments wao held in Rome,

287, A technical document on the radiation processing of flue gases was
published (IAEA-TECDOC-428) and an advisory group was convened to review the
A#ency’e activities in this field,

288, An advisory group meeting on radiation t e c h n o l o g y  i n  academic
curricula and in Agency training programme8 w a s  h e l d  a t  C o l l e g e  Park,
Uary land, USA I

289. Three regional training courses and five national oeminars on various
t.opics relating to radiation processing were supported.

290 I A technical  document containing guidelines  for training in  non-
deetructive  testing was published (IAEA-TECDOC-407).

291 I Support was provided for RCA training courses in the following fielde:
radiography, ultrasonics, surface methods, redjltion  eterilization,  sterility
aaaurance, compatibility of materials, radiatir I engineering and electron beam
faci l i t ies . Support was aleo provided for an nterregionol  training course on

1171 See para, 287 of GC(XXXI)/800,
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non-destructive testing (NDT) held in Kenya and for two RCA workehopo - one on
the qualification and certification of NDT personnel and the other on special
NDT applications,

f

292. An advisory group aooessed  the application of isotopic tracers in the I
optimisation of industrial proceaoea, and the preparation of a guidebook on
isotope tracers in industry was finalized.

!I

293, Support waz provided for a regional training course on nucleonic
control eystems in the paper industry and for executive management seminars on
nucleonic control systems in the steel induetry and the coal industry,

294. The preparation of a technical report on practical aepecta of operating
a neutron activation analysis laboratory was initiated, the aim being to
assist with the utilization of neutron activation analysis in both science and
technology,

295 I A group of consultants which conoidered  the role of nuclear analytical
techniques and the need for analytical quality control in the electronics
industry concluded that activation analysis techniquea  are uoeful in the
routine analysis of bulk impurities and in calibrating non-nuclear depth
profiling instruments,

296, An advisory group reviewed the use of nuclear analytical tgchniquer for
on-line elemental analysis in industry, and a group of coneultantr reviewed
current trendo in the use of nuclear logging techniques for elemental rnalyeis
in borehole logging,

297 * New developments i n  borehole l o g g i n g instrumentation and in the
determination of baoic rock characteristics by means of borehole logging were
considered at a reeearch co-ordination meeting,

298 a Recent advances in the development of alternative techniques for
ggTcm generation using low-power research reactors were reviewed dt a
research co-ordination meeting,

299 I The  re su l t s  o f  a  multi-country  t r i a l  of the  per formance  o f  low-
temperature “Tern generators indicated that improvements were necessary
before such devices could be fully endorsed for routine use in hospitals,

300 I Techniques for the reactor production of fission qgMo for medical use
(including their  economic impl icat ions)  were discussed at  a  technical
committee meeting, It was concluded that, because of the high level of
technology and the high capital investment and operational costs involved,
developing countries wiehing to produce gg140 by the fission route should
carefully assess the economic and technical feasibility of such an enterprise ;
before entering into commitments.

301 I At a consultants’ meeting, the present status of and future trends in
nuclear chemistry and radiochemistry teaching and training were discussed and
the need for qualified manpower assessed. It was concluded that a serious
ehortage of well qualified scientists is likely to occur in the near future as
a consequence of the fact that fewer universities are offering courses in
nuclear chemistry and radiochemistry,
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Iaotone hydrology

302, During 1987 the Agency supported 61 technical co-operation projects in
48 countries, assistance being provided with - inter alia - the evaluation of
water resources, geothermal resources exploration, the strengthening of
analytical capabilities, the establishment of environmental i s o t o p i c
laboratories and the study of specific hydrological problems, In addition,
support was provided in connection with the study of sediment transport
problems,

303 * Advisory or pre-project missions were undertaken in Argentina, Chile,
Cuba, H a i t i , Morocco, Nicaragua, Pakistan, Thailand and Turkey to revipw
ongoing national programmes and to assist in determining future needs and
outlining furture programme activities.

304 I Through 53 research contracts and research agreements involving
33 countries, the  Agency continued to support isotope- -a ided hydrological
investigations and the development and improvement of isotope hydrology
tachniquea, Of these 53 contracts and agreements, 29 formed part of three
co-ordinated research programmes concerned with groundwater in Latin America,
Jeothermal resources exploration in  Lat in  Amer ica  a n d  t h e  d a t i n g  of  o ld
groundwater, The f i r s t  o f these co-ordinated research programmes was
completed,

305 I An IAEA/UNESCO symposium on the use of isotope techniques in water
resources development held in Vienna was attended by 162 participants from
45 countries. The proceedings were published.

306, An IAEA/UNESCO seminar on the application of isotope techniques in
hydrology in Latin America held in Mexico City was attended by 70 participants
from 19 countries; it was organized  with the co-operation of the Gesellachaft
fCir Strahlen- und Umweltforschung, Nsuherberg, Federal Republic of Germany.
The last research co-ordination meeting under a co-ordinated research
programme on the same subject was held in Mexico.

307 I A seminar for management executives on the use of isotope techniques in
water resources development and management and a workshop on isotope hydrology
were held in China. These meetings, which were the final ones under an RCA
programme on hydrology and sedimentology, were attended by 56 participants
from ten countries.

308. As part of the activities of a UNESCO-IHP (International Hydrological
Programme) working group on nuclear techniques in hydrology, for which the
Agency is providing the scientific secretariat, an editorial group financed by
UNESCO examined draft reports on the use of isotopes in investigations
relat ing to  the hydrology of  arid zones ,  to  sediment  transport  and to
groundwater.

309 * The proceedings of an advisory group meeting on studies on sulphur
isotope variations in nature were published,

310 I Let tures were delivered by Agency staff members at post-graduate
training courses in Graz, Austria, and Budapest, Hungary. :roup training in
isotope hydrology orgenized in Vienna was attended by 14 (articipants  from
11 countries.
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I 311. Courses on the use of isotope techniques in hydrology were hold in
Ecuador, Peru and Bolivia, with the par iicipation  of  74 hydrologists ,  A
wor’;cehop on isotope hydrology held in Jordan wan attended by 25 hydrologists,

312, An IAEA/UNESCO sympoaiu~~  on the use of isotope techniques in water
resources devobopment was held in Vienna and the proceedings published, Also,
Agency repreaentati~*ea  participated in the following meetings: a national
seminar on tha use of environmental and artificial isotopes in hydrology held
in Malaysia; a UNESCO/W!!0  conference on hydrology and the scientific basin of
water recources  management held in Geneva; an advanced research workshop on
estimating the national recharge of groundwater held in Turkey; and a
national seminar on isotope and nuclear techniques in hydrology held in Turkey.

Nuclear data

313. The Agency continued to provide nuclear and atomic data services to
Member Staten and to co-ordinate the activities of a worldwide network of data
centres. During 1987 the Agency fulfil led more than 700 requests from
40 Member States for experimental and evaluated data, data processing computer
codes and publications, The Agency continued to publish the Bulletin on
Atomic and Molecular Data for Fusion on a semi-annual basis and the Computer
Index of Neutron Data (CINDA), Also, the Agency published an updated index to
the literature on atomic collision data relevant to fusion and a “Handbook on
Nuclear Activation Data”,

314 * As part of its continuing effort to keep abreast of the nuclear data
requirements of nuclear science and technology, the Agency convened expert
groups to review the status of and assess the requirements for improved
neutron data relating to the safety of fission reactor operations and to
fusion reactor design. Also, apecialiats met to formulate the  speci f ic
requirements for nuclear data to be used in fusion reactor calculations and
for atomic data to be used in plasma edge studjes,

315 * In order to stimulate work on necessary new nuclear data and to improve
the accuracy OC existing data, the Agency convened a research co-ordination
meeting on nuclear data needed for nuclear particle therapy and one on
standard gamma-ray data needed for the calibration of gamma-ray detectors. A
group of consultants reviewed the requirements for nuclear data to be used in
the production of radioisotopes used in medicine.

316. A group of specialists laid the foundation for a meeting, to be held
in 1988, on the influence of target and sample properties on nuclear &ta
measurements. Another group reviewed the status of and requirements for
atomic data in radiation research and biomedical applications.

317 * A training course on neutron physics and nuclear data measurements with
accelerators and research reactors was held in the Soviet Union. As part of
its support for training in the performance of accurate measurements for
nuclear applications, the AgenCy started an interregional project on nuclear
measurement techniques. At Headquarters, two fel lows receimred training in
various aspects of bibliographic and numerical data processing.



THE LABORATORIES

Seibersdorf Laboratories

I. AGRICULTURE LABORATORY

Activities in support of the joint FAO/IAEA agricultural programme

Soil fertility. irrigation and crop production

318. Cultivar differences as regards fertilizer and water use and tolerance
to deleterious soil conditions (acidity, salinity, etc.) were investigated
using isotope techniques. Isotope-aided experiments relating to the
nutritional requirements of and nitrogen fixation in Azolla species were
carried out. Work continued on improving nitrogen fixation in grain and
forage legumes with the help of nuclear and related techniques. Research
aimed at maximizing the benefits of nitrogen fixation in tree species
started. Soil water measurement studies using both nuclear and non-nuclear
methods continued, the aim being to optimize soil water management practices.

319. Services to co-ordinated research programmes and technical co-operation
projects continued through analytical assays of about 15 000 samples in
connection with the determination of nitrogen-15 and other isotopes and with
the dispatch of nitrogen-15 labelled fertilizers to research contract
holders. Development work aimed at the improvement of routine nitrogen-15
analyses continued.

320. Support was provided to nine technical co-operation projects, and staff
members carried out a number of pre-project and other missions to Member
States.

Plant breeding and genetics

321. Radiation-induced genetic variability and somaclonal variation in
tissue culture were studied in maize for the purpose of assessing their nature
and their possible contribution to plant breeding. Mutation breeding
technology was investigated for nine different cultivars of banana and
plantain. Considerable phenotypical variation was observed among in vitro
regenerated banana plants after mutagenic irradiation. The clonal offspring
of a mutant plant was prepared for field testing under tropical conditions.
Somatic embryogenesis and plant regeneration were induced in cell
suspensions, whereby new possibilities for exploring somatic cell mutation in
banana and plantain breeding were opened up. Induced mutagenesis was applied
to the Azolla-Anabaena symbiotic system, and variants tolerant to high
salinity and toxic levels of aluminium were selected.

322. About 800 seed samples and several tissue cultures were irradiated as a
service to plant breeding institutes in Member States.

Animal production and health

323. In order to support scientists in developing countries with disease
diagnosis and to complement existing facilities for animal nutrition and
reproduction studies, a laboratory was established for the further development
of techniques such as ELISA and of radioactively labelled DNA probes.
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324. Work continued on the characterization  of agro-industrial by-products
and other non-conventional feed resources using the rumen simulation technique
and on the formulation of balanced ruminant diets designed to optimize the use
of locally available feed resources.

325. Sufficient ELISA plates for assessing 600 000 samples for the diagnosis
and the epidemiological study of several viral, bacterial and parasitic
infections and over 2 500 radioimmunoassay kits (equivalent to 250 000 assay
units) were supplied to technical co-operation and research contract
counterparts.

Insect and vest control

326. Tsetse fly pupae and freeze-dried blood for diets continued to be
produced for the BICOT project in Nigeria. Colonies of various tsetse fly
species were maintained for research and training and supplied, on request, to
other laboratories. Research on the dietetics of tsetse flies continued.

327. Studies aimed at increased effectiveness and efficiency in the
mass-rearing of medflies continued. A medfly strain in which sexing at the
pupal stage is possible was developed and studied under mass-rearing
conditions. An agent produced by the bacterium Bacillus thuringiensis which
is pathogenic for adult medflies was identified.

Agrochemicals and residues

328. Analyses were carried out of samples of controlled-release formulations
of carbofuran applied in rice paddies in Hungary.

329. Analyses were carried out also of trypanocidal drug residues in tissue
and faeces samples from cattle experiments performed at the Kenya
Trypanosomiasis Research Institute (KETRI) in connection with an Agency
technical co-operation project.1181

II. PHYSICS-CHEMISTRY-INSTRUMENTATION (PCI) LABORATORY

Activities in support of the Life Sciences programme

Environment and nutrition

330. A group of consultants on the monitoring of fallout radioactivity in
the environment and in food recommended the preparation of a guidebook for
radioactivity measurements and that a co-ordinated research programme be
established on rapid methods of radionuclide analysis. A draft of the
guidebook was prepared for publicaton  in 1988.

331. As part of efforts to strengthen the Agency's low-level radioanalytical
capabilities, a laboratory was adapted for work with actinides and equipment
was obtained for alpha spectrometry. Selected radiochemical procedures for
actinide analysis were evaluated in the laboratory.

[=I See para. 230 above.
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332, A radiochemical method of gOSr determination was developed and then
used in analysing samples of milk, whey powder and grass.

333, Eighty samples of food and biological materials were analysed for six
Member States and FAO. Advice and assistance were provided to three Member
States  wishing to  establish or  improve capabi l i t ies  for  the  analys is  of
radioactivity in food.

334. With the co-operation of the Division of Life Sciences, support ~3s
provided to two co-ordinated research programmes. On request by sect ions
within the Secretariat and by Member States, about 3500 determinations were
performed of various trace elements in 600 samples using analytical methods
such as neutron activation analysis, the inductively coupled plasma technique,
atomic absorption spectrometry, fluorimetry, liquid scintillation counting and
photometry.

335, The analytical capabilities of the laboratory were enhanced through the
introduction of a new, hydride system for the determination of arsenic,
mercury, selenium and tin (elements which play an essential role in nutrition
and in environmental chemistry). Also, improvements were made with regard to
the determination of mercury, se lenium and lead in diets  and organic
materials. Three trainees received a total of 20 man-months of training in
the use of various analytical methods.

336, Co-operation continued with WHO in the analysis of precipitation and
a i r - f i l t e r  eamples in support of WHO’s  background air pollution monitoring
network; 1600 determinations of trace elements and radionuclides were
performed, the results being reported to WMO, to the countries where sampling
had taken place and to the US Environmental Protection Agency for evaluation.

337 I Grass samples from 20 locations in European and Mediterranean countries
were collected, processed and sent to laboratories in six Member States for
the analysis of fallout radioactivity; the results were incorporated into a
preliminary report and presented at a consultants* meeting, In addition,
samples of grass , mat and soil were received, processed and distributed within
the framework of a project entitled the “Grass Ecosystem Project”.

Radiation doeimetry

338 e The Agency’s Secondary Standard Dosimetry Laboratory (SSDL) continued
to provide postal dose intercomparison services for radiotherapy hospitals in
co-operation with WHO, Four batches of thermoluminescence dosimeters (TLDS)
were evaluated for a total of 150 hospitals. One batch of TL3s was dispatched
to all  SSDLs belonging to the IAEA/WHO network of SSDLs as part of a
twice-yearly dose intercomparison exercise. Calibration and test studies of
TLD chips were completed, and  the  re su l t s  were  made  ava i lab le  for  a
radiotherapy quality assurance progreme involving the use of semi-anatomical
phantoms.

339 * Calibrations and irradiations were performed continuously for  the
Agency’s radiation protection services and, on request, for Member States.

340 * A two-week calibration workshop was held at the Agency’s SSDL as part
of the Agency’s Introductory Course on Radiation Protection Services; seven
fellows from six countries participated,



3411 Teat studies and calibrations were completed for a set of ionisation
chamber dosimeters, providing base-line data for the CARE programme (see
paragraph 255 above),

Activities in support of the Physical and Chemical Science8  prosramme

Chemistry and analytical auality control

342. Three intercomparisons were completed, while four intercomparisons were
still running at the end of the year; laboratories in 34 countries took part
in one or more of these intercomparisone. Three reference materials with
recommended values for a variety of elements and radionuclides were added to
the list of such materials available from the Agency, while stocks of four
reference materials ran out; the list now contains 46 items. The Laboratory
dispatched such materials in response to 748 orders from Hember States. For
the homogeneity testing and characterization  of intercomparison samples,
708 trace element and 68 radionuclide determinations were performed. Samples
of 20 biological and environmental materials, coilected  mainly  after  the
Chernobyl accident, were processed; samples of eight such materials were in
stock at the end of the year.

343. The catalogue of the Analytica! Qual i ty  Control  Services  (AQCS)
programme was redesigned so as to contain more detailed information on the
properties of the reference materials availably  ( m a t r i c e s , analyces,
concentrations, confidence intervals).

Rydrology

344 * In support of technical co-operation projects and research contracts
and in order to obtain for the global precipitation monitoring network,
approximately 2100 water were analysed for oxygen-18, 1000 for
tritium, 1400 for 90 for carbon-14 and 140 for carbon-13. In
addition, chemical on 134 water samples,

Soil water research

345 I The analysis was completed of  data  f rom f i e ld  and  laboratory
experiments carried out in’ support of a co-ordinated research programme for
comparing nuclear and non-nuclear methods in soil water studies.

346. The creation of a data base for use in selecting commercially available
neutron moisture and gamma density probes was completed.

347. Three fellows received training for a total of 6 man-months in soil
water studies; neutron moisture gauge maintenance training was provided at
the same time.

Instrumentation

348. A soil sample density measurement system with dual X-ray sources for
soil water studies was designed and constructed. A radiocarbon control unit
was developed and sent to a Member State for initial greenhouse trials. A
microprocessor tester was built and used in training.

349. About 40 nuclear measuring instruments of different types received from
Member States and from various Agency laboratories were repaired and serviced.



350 I A computer network for data acquisition, transfer and processing at
redearch laboratories was installed and tested.

351. Group fellowship t r a i n i n g  i n nut Lear spectroscopy instrument
maintenancH for senior service  technic ians  and engineers in developing
countries was initiated; four fellows participated in such training in 1987.

352 e b’our fellows rece ived  a tots1 of 36 man-months of on-the-job training
in nuclear electronics and the servicing of nuclear instrumentation.

353 I Support was provided for several technical co-operation projects, with
staff members carrying out missions to Cameroon, Uiger,  Portugal and Uruguay.

III I SAFEGUARDS ANALYTICAL LABORATORY (SAL)

Activities in suwort of the Safeguards proxranunq

354 l SAL received 603 samples of uranium (648 in 19861, 265 samples of
plutonium or mixtures of uranium and plutonium (207 in 1986) and 306 samples
of spent fuel solutions (225 in 1986) ; 375 spent fuel solution samples were
ma lyssd , 189 of them at laboratories bslonging to the Agency’s  network of
a n a l y t i c a l  LaboratorIes  (DUAL). Twenty-six samples of heavy water were
analysed by a laboratory belonging to the network.

355. Compared to 1986, there wss on average a decrease of 8% in the total
time needed to conclude verifications by the destructive analysis of spent
fuel solution samples. The time was reduced by 10% for plutonium product
samples and 23% for uranium samples,

356. SAL and NWAL analysed 23 uranium oxide and 24 plutonium or mixed
plutonium-uranium oxide samples for the characterisation of non-destructive
essay working standards. SAL performed , in sddition, sbout 650 meas\:.-ements
in the course of testing or improving its procedures.
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al I&oratory of Marine Radioactivity

357 * Hothodr for measuring fission and activation product rodionuclides  were
considerably improved through Upgrading of the Laborotary’r  low-level ganuna :
spectometry system. To faci l i tate  the  improvement  of internat ional  data  I
comparieons, a reference method for t h e  r a d i o c h e m i c a l  s e p a r a t i o n  a n d
meaourement of tranourenium  elemento in environmental and food samples was
developed.

350. bampler of material8 of  marine origin were prepared for  nat ional
laboratories in Hember States for use in ongoing quality control exercises.
An Atlantic sediment wau distributed to 60 institutions in 30 countries for
tranruranic and f ioeion product radionuclide intercalibration purporee.
Sampler of Hediterranean macroalgae, a Hediterranean eeaplant and a Baltic
rediment contaminated with Chernobyl fallout were prepared and teoted for
future distribution aa reference materials.

359. Benthic organiama were exposed in the Laboratory to marine eedimenta
which had been contaminated in the environment with Chernobyl fallout and
watate from a nuclear power plant. Very little of the radioactivity in the
contaminated redimsnts  was taken up by the ocganiemo,  indicating a very low
bioavailability o f  eediment-bound  radionuclidea,

360, In order to  aaseoo the  oxtent to which marine  organieme transport
radionuclides in the Pacific Ocean and the Mediterranean Sea, natural and
artificial radionuclidee were measured in sinking particulate matter collected
by deploying sediment traps at different depths. In the Mediterranean, it was
found that the excreta from plankton were instrumental in transporting
Chernobyl fallout in surface waters to a depth of 200 m within a week -
representing a rate of tranrport hitherto not thought poseible,

361. Data on 2lOPo/2IOPb, %/% and 15N/ 14N ratios  in a
variety of midwater  open-ocean organisms were used in making predictionr  about
animal feeding habits and the food chain tranefer of radionuclidee of interest.
Both the radioactive and stable isotope tracers were useful in identifying
different food regimeo and food sources for animals occupying the same habitat.

362. Staff member8 of the Harine Environmental Studiee Laboratory (HESL  -
see paragraph 367 of GC(XXXI)/800)  were involved in miseione to 20 Hember
States in the Hediterranean region, the Gulf region, Weet an3 Central Africa,
Southern Aeia and South America.

363. The Laboratory also provided assistance to Member States through a
programme for improving the quality of monitoring data on pollutants and
potential pollutants such ae peaticfdea, chlorinated and petroleum
hydrocarbons, trace metals and organometallic compounds. The programme
incluled  the development and testing of guidelines and reference methods, the
production of reference materials through intercalibration exercioee, the
training of marine chemists and the installation and eervicing  of analytical
inatrumente.

364. The Laboratory conducted pilot and emergency eurveys of specific marine
pollutante in Hember Statee and conducted work on the transport, fate and
effects of some of the pollutants in queotion, In thie context, staff membera
participated in oceanographic cruises in the South Atlantic/Antarctic Oceans
and in the Hediterranean,



INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

365. The main fields of research and training-for-research at the Centre in
1987 were:

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

(b) Condensed-matter physics (atomic and molecular physics, materials
science, and surfaces and interfaces);

(c) Mathematics (geometry, topology, diffe*?ential equations,
mathematical physics);

(d) Physics and energy (nuclear physics and fission, plasma plysics
and nuclear fusion, non-conventional energies);

(e> Physics and the environment (soil physics, climatology and
meteorology, physics of the atmosphere, the magnetosphere,
aeronomy);

(f) Applied physics (applicable mathematics, microprocessors,
communications, instrumentation); and

(g) Physics and development.

366. Some 3700 scientists took part in the activities of the Centre, in
three major projects outside Trieste and in the Programme for Training at
Italian Laboratories, staying for a total of almost 3900 man-months. About
58% of them were from developing countries, accounting for 83% of the total
man-months. One hundred and forty-nine of them were associated members from
45 developing countries and 576 of them were researchers from federated
institutes in 56 developing countries.

Fundamental physics

367. Research in high-energy physics was carried out throughout the year,
with the participation of 120 physicists from developing countries out of a
total of 201. A two-week school and workshop on superstrings held in April
was attended by 75 physicists from developing countries out of a total
of 258. The now traditional Summer Workshop in High-Energy Physics
(including, this time, a topical conference on scalar fundamental particles)
was held in June-August, with an audience of 125 physicists from developing
countries out of a total of 206; it was preceded by a meeting on new scale
effects in low-energy precision experiments.

Condensed matter physics

368. Research was conducted throughout the year with the participation of
75 scientists from developing countries out of a total of 102. Three
high-level training courses (the Winter College of Atomic and Molecular
Physics, the Spring College of Metallic Materials and the School on Polymer
Physics) were attended by 228 scientists from developing countries out of a
total of 299.
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369. The annual Research Workshop in Condensed Matter and Atomic and
Molecular Physics, which was held from the end of June to the beginning
of September, waa attended by 190 physicists from developing countries out of
a total of 227. During the workshop, seven “Adriatic0 Research Conferences”
were held, They dealt with: one-dimenaional organic conductors, vacuum8  in
non-relativistic matter-radiation systems, scanning tunnelling in microscopy,
interatomic forces in relation to defects and disorder in condensed matter,
high-temperature superconductors, path integrals, and synchrotron  radiation
and free electron lasers. These meetings were attended by 133 scientiste from
developing countries out of a total of 503.

370. Other activities included: the Third International Workshop on Total
Energy and Force Methods, a workshop on surface science and catalysis, a
working party on the physics of porous media, and a workshop on non--linear
charge density wave systems. They brought together 239 physicists, out of
whom 99 were from develcping countries.

Mathematics

371. Research in mathematics, carried out throughout the year, brought
together 36 mathematicians from developing countries out of a total of 47,
The scientific meetings organized by the Mathematics Group included a topical
meeting on fibre bundles and the College on Riemann Surfaces, attended by
88 scientists from developing countries out of a total of 141.

Physics and energy

372, The Third Workshop on Perspectives in Nuclear Physics at Intermediate
Energies, organized by the Centre in collaboration with the Italian National
Institute of Nuclear Physics (INFN,  Rome), was attended by 22 scientists from
developing countries out  of a total of 115. The Spring College on Plasma
Physics, which included an international conference on cometary plasma physics
followed by a workshop on the same aubjec t , was attended by 99 physicists from
developing countries out of a total of 153. At the end of August and
in September, the following activities took place: a Workshop on Material
Science and the Physics of Non-conventional Energy Sources, co-sponsored by
the Italian Department for Co-operation in Development and the Italian National
Research Count i 1; a Workshop on the Economics, Modelling and Management of
Energy, co-sponsored by the Kuwait Foundation for the Advancement of Science;
and a Workshop on the Interaction between Physics and Architecture in
Environment-Conscious Design. Two hundred and fifty-four scientists from
developing countries took part in these activities out of a total of 329.

Physics and the environment

373, The Spring College on Ceomagnetism and Aeronomy, the Third College on
Soil Physics and the Second Workshop on Cloud Physics and Climate were
attended by 226 scientists from developing countries out of a total of 286.

Applied physics

374 l The Second Workshop on Mathematics in Industry and a Workshop on Remote
Sensing and Resource Exploration were held in February-March. In June, the
International Committee for Future Accelerators held a School  cn
Instrumentation in Elementary Particle Physics at the Centre, For the first
tine since its inception, the Centre organized a workshop on telematics, which
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was followed by the Fourth College on Microprocessors - Technology and
Applications in Physics. Five hundred and twenty-six scientists, of
whom 351 came from developing countries, participated in these meetings.

Physics and development

375. As in the past, a number of the experts and leading scientists taking
part in the activities at the Centre lectured on physics and its relevance to
development. Forty-nine lectures were given in 1987.

Training at Italian laboratories

376. One hundred and four grants were awarded to scientists from developing
countries for training et Italian academic and industrial laboratories under a
programme which started in 1982 with the financial support of the Government
of Italy.

External activities

377. A Workshop on Microcomputers in the Teaching of Physics and Mathematics
was held in Sudan, a Workshop on the Fabrication of Low-cost Laboratory
Equipment for Physics was held in Tanzania, and a workshop on the
Applicability of Environmental Physics and Meteorology in Africa was held in
Ethiopia. In the field of training for physics and mathematics teachers, the
Centre sponsored 148 courses, workshops and symposia in 46 countries. In
addition, the Centre sponsored five scholarships for scientists wishing to
work at five research institutions in developing countries; this programme
was financed by the Government of Italy.

Meetings hosted by the Centre

378. The Centre hosted a meeting of the Initiative Committee of the
International Foundation for Survival and a Workshop on Scientific and
Technological Applications of Synchrotron  Radiation.

Books and equipment donation programme

379. In 1987, the Centre distributed 20 000 journals, 20 000 sets of
proceedings and 10 000 books to more than 400 institutes in 97 developing
countries.

380. Equipment from CERN (European Laboratory for Particle Physics1 was sent
to several universities in various developing countries.

Awards

381. In 1987 Dirac Medals were awarded to Professors Bryce DeWitt of the
University of Texas, USA, and Bruno Sumino of the University of California,
USA, for their outstanding contributions to theoretical physics.

382. Professor Li Jia Ming from the Institute of Physics of the Chinese
Academy of Sciences was awarded the 1986 Alfred Kastler Prize for his
outstanding contribution in the field of atomic and molecular physics.

383. Dr. Abdullah Sadiq of Pakistan was awarded the 1987 Nikolaj 1. Bogolubov
Prize in recognition of his contributions to scientific knowledge in the field
of solid-state physics.
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S A F E G U A R D S

Sofenuardo etatenent for 1987

384, In  1987,  as :.. previoue  years ,  the  Secretar iat ,  in  carryin&  out  the
oafeguarde obligations of the AsenCy, did not detect any anomaly which would
ind ica te  the  d ivers ion  o f  a  s ign i f i cant  amount  o f  rafe~uarded nuc l ear
material - o r  t h e  nieuoe o f  f a c i l i t i e s , equipment or non-nuclear material
oubject to aafeBuarde under certain agreementa - for the manufacture of any
nut lear weapon, or for any other military purpose, or for the manufacture of
any other nuclear explosive device, o r  f o r  purposes unknown[l91. It is
considered reaeonable to cone lude that nuclear mate *ial under Agency
safeguards  in 1987 remained in peaceful nuclear o:‘.ivitiee  or wan otherwise
adequately accounted for, This statement ohould be Been in the light of the
following observations:

(a) Extensive safeguards activities in 1987 resulted in 2133
(2054 in 1986) inspect ions  carried out  at  631 (595)  nuclear
inetallationa in 52 (53) non-nuclear-weapon States  and four
(four) nuclear-weapon States. In 44% (36%) of inspections nuclear
material was verified by non-destructive assay (NDA)  . More
than 320 (325) automatic photo and television surveillance systems
operated i n  t h e  f i e l d , and 12 500 (10 300) seals  appl ied to
nut leer material  were  detached and subsequently  veri f ied at
Headquarters. About 1340 (1030) plutonium and uranium eamples
were analysed, with some 3600 (2840) analytical results being
reported, Accounting and other safeguards data comprising
1 146 000 (867 000) data entries were proceeeed and etored in the
Agency’s computer;

(b) About 290 (2701, mostly minor, discrepancies or anomalies were
found , All cases were satisfactorily explained upon subsequent
appraisal or investigation;

(c) The level of assurance associated with the Secretariat’s findings
depends - i n t e r  alia - on the funds, manpower and equipment
available to the Agency, on the performance of the Department of
Safeguards and, for a particular installation or State,  on the
content  o f the BafegUardB agreement, including subs idiary
arrangements, concluded with the State in question, and on the
co-operation of the State and of the facility operators in it;

(d) The iindings  refer for each facil ity to the latest available State
report, Agency inspection, analysis, etc, r e l a t i n g  t o  t h a t
fac i l i ty ,

Safeguards coverage

385. As of 31 December 1987 there were 166 safeguards agreements in force
with 97 States, compared to 164 agreements with 96 States at the end of 1986,
a unilateral submission agreement with Chile having entered into force

[191 In the case of voluntary-offer agreements with nuclear-weapon States
nuclear material to which safeguards were applied was not withdrawn
from safeguards except in conformity with these agreements,



in September and a aafsRuardo agreement with Brunei Daruesalam pureuant to the
Treaty on the Non-Proliferation of Nuclear Weapone (NPT) having entered into
force in November,

386. Subotant io l  progreoa was made in the negotiation of a safeguards
agreement pursuant to the voluntary offer by China to place glome of ito
civilian nuclear facilities under Agency eafoguardo, the text of an agreement
being agreed gd ref@rendu.

387. In November, Spain acceded to NPT, bringing the total number of Statea
party to the Treaty at the end of 1987 to 137[20],  including three nuclenr-
weapon States. Stepo have been initiated regarding the accesoion of Spain to
the eafeguards agreement of 5 April 1973 between the non-nuclear-weapon State6
of the European Community, EURATOM and the Agency (INFCIRC/193),

388, As of 31 December 1987, 52 non-nuclear--weapon States party to NPT had
not complied, within the preocribed time limit, with their obligationc under
A r t i c l e  I I I . 4  o f  t h e  T r e a t y  r e g a r d i n g  t h e  c o n c l u s i o n  o f  t h e  r e l e v a n t
rafey;uarda agreement w i t h  t h e  A&ency, However, with  the  except ion  o f
Colombia, Viet Nam and the Democratic People’s Republic of Korea, none of
these Staterr has, apI far 88 the Agency ie awa: e aignif icant nuclear
activitiee.

389. Twenty-three Latin American Statea are party to the Treaty for the
Prohibition of Nuclear Weapone in Latin America (Tlatelolco Treaty), Three
other Latin American Statea have signed the Treaty, but have not yet ratified
it or waived certain of its provioione, Under Article 13 of the Treaty, each
State party hae to conclude a eafelduarda  agreement with the Agency for the
application of eafeguards to that State’s nuclear activities, Eighteen Lot in
American States have concluded such agreementa with the Agency,  a8 hae one
State with territories in the zone of application of the Tlatelolco Treaty,

390. Saf eguardta were being applied in 41 non-nuclear-weapon States under
agreements xlreuant  to NPT or to NPT and the Tlatelolco Treaty, and in one
non-nuclear-weapon State pursuant to the Tlatelolco Treaty,

391, The South Pacific Nuclear Free Zone Treaty (Rarotonga Treaty) has been
signed by eleven of the 13 member@  of the South Pacific Forum and ratified by
nine of the oignatoriee, Under Article 8.2(c)  and Annex 2 of the Treaty, each
Party accepts the application of safeguards by the Agency as set forth in an
agreement, to be negotiated and concluded with the Agency, which ehall be
equivalent in ite scope and effect to an agreement in connection with NPT
based on document INFCIRC1153 (Corrected), NPT safeguards agreements have
been concluded with ten of the eleven States signatories of the Rarotonea
Treaty, and safeguards  were applied in one of these States pursuant to an
NPT agreement,

392. Thirty-one safeguards agreements baaed on INFCIRC/66/Rev.2  were in
force with the following eight non-nuclear-weapon States not party to either
NPT, the Tlatelolco Treaty or the Rarotonga Treaty: Argentina, Brazil, Chile,

(201 The Agency wee informed in February 1988 by one of the NPT Depository
Governments of the accession of Sao Tome and Principe on 20 July 1983
and the Republic of Guinea on 29 April 1985,
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Cuba, India, Israel, Pakistan and South Africa, [21] Safeguard6 were applied
in aevnn of the eight States pursuant to theme affreemente, Also, eafeguarda
were applied pursuant to INFCIRC/66/Rev.2-type  agreements in Spain, Viet Nam
and tha Democratic People’e Republic o f  Korea, a l l  o f  which  are  par ty
to NPT, 1221

393. In five of the eight States referred to in the first sentence of the
preceding paragraph) unsafeguarded facilities of significance for safeguards
were known to be in operation or under conotruction,

394 I Al l  nuclear-waapon  States  have unsafeguarded nuclear  fuel  cycles ,
Voluntary-of Per agresmsnts were in force with four of these State8
during 1987. In accnrdance  with theee agreements,  certain facil it iee were
deeisnated by the Agency for inspection and were inspected. In addition, in
one of these States safeguarda were applied to some facilitiee in accordance
with INFCIRCI66/Rev.  P-type agreements,

3 9 5  * On 31 December 1987, there were 496 nuclear facilitiee under safeguards
or containing safeguarded nuclear material in non-nuclear-weapon States
( 4 8 5  in 1986); there were also 406 locations outside facilities containing
small amounts of safeguarded material (414 in 1986) and two safeguarded
non-nucleer installations (two in 1986). There were also nine facilities in
nuclear-- weapon State6  under Agency safeguards pursuant either to voluntary-
offer agreements or to safeguards transfer agreement8 (nine in 19861,

3 9 6 . At the end of 1987, the nuclear material under Agency safeguards,
including that covered by voluntary-offer agreements with nut lear- weapon
States, amounted to 8.8 t of separated plutrnium outside reactor cores,
0,6 t of recycled plutonium in fuel elements in reactor cores (in 1986 the
total amount for these two categories was 8.4 t) , 224,2 t (194,5  t in 1986 > of
plutonium contained in irradiated fuel, 12,2 t (13,2 t) o f  h i g h - e n r i c h e d
uranium (HEU), 29 252 t (27 911 t) of low-enriched uranium (LEU) and 50 867 t
(47 402 t) of source material, The greater part of this material was in those
non-nuclear-weapon States where safeguards are being applied to all peaceful
nuclear activit ies. Non-nuclear material under Agency aafeguards
included 14.57 t (1470 t) of heavy water.

Safeguards implementation

3 9 7 . The number of major facilities at which inspection goals were attained
for the whole facility was 214 in 1987 (compared to 194 in 1986),

3 9 8 . A total of 2133 inspections (compared to 2054 in 1986) were performed,
representing 9556 man-days of inspection (compared to 8292 in 1986).

3 9 9  # Inspection effort expended in 1987 amounted to 89,5X (86.2% ‘- 1986) of
the total planned actual routine inspection effort.

1211 See ale0 p a r e s 37-41, which refer to resolutions concorning the
application of safeguards in Israel and South Africa adopted by the
United Nations General Aseembly at its forty-second session and by the
Agency’s General Conference in September 1987,

[221 The Agency also applies safeguards to nuclear facilities in Taiwan,
China,



400, The number of inspections where non-destructive array (UDA) mearuroments
were performed was 952 (compared to 754 in 1986).

4011 The average time between an inspection and the dispatch of the rerults
to the State in which the inspection  was performed was 83 days (85 dayo in
1986).

402 e The technical provision8 of  the  fac i l i t y  a t tachment  for  a  new,
automated mixed--oxide (MOX) fuel fabrication plant were agreed. Safeguardo
implementation will include the use of near-real-time accountancy,

403, The safeguards approach for a further major MOX fuel fabrication plant
was modified in the light of experience, and work started on evaluating the
modified approach.

404 I Techniques involving the use of underwater camerao, teleocopes  and WDA
equipment were developed for establishing the spent fuel inventory of a CANDU
reactor without moving the stacks of stored fuel,

405 I A new approach (including a sophisticated syrtem of rurveillance)  for
inspections at a critical assembly warn tented with the co-operation of the
State concerned.

406, The use of an independent system for checkin the criticality of an
otherwise inaccessible research reactor core was initiated.

407 * The first trials of an automatic oyotem for flow verification by meano
of on-line gamma measurements during the refuelling of a reactor were carried
out succesefully I

408, The use of advanced Cherenkov-glow night vision devices (CNVD)  for the
veri f icat ion o f  spent  fuel  assemblies in l ight-water reactors (LWRs) waa
introduced in some States,

409. Negotiations began on the revision of existing facility attachments
covering two centrifuge enrichment planto, owing to t h e  expansion o f  the
planta in question.

410, Discussions on the implamentation of safeguards at a semi-commercial
uranium enrichment plant were suspended,

411. Design information verification of a small pilot uranium enrichment
plant based on nozzle teChnOlOf$y was completed.

412, The uae of an independent reactor power level monitor was introduced at
a research reactor and successfully demonstrated at another research reactor
and at a power reactor.

413, FOllOWin the implementation - at one plant in 1986 - of guideline@ for
safeguarding heavy water at nuclear power plants, steps  were taken to
implement them at similar facilities in other Status,

414, At a heavy water production plant subject to safeguards which io
rxpected to commence operation in 1989, work continued on modifying the plant
piping with a view to the inntallation of safeguards equipment.
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415, Thr design review for a hot cell complex proceroina refeguarded fuel
wan completed and the facility attachment entered into force.

416. In one Stat., a rimultanooua phyricrl inventory verification covrrina
unirradiatod natural uranium at all facilitier in the natural uranium fuel
cycle woe ouccersfully  carried out for the fifth conrecutive  year,

417 0 In  one State , the fearibility of implementing recently developed
safeguards conceptr and instrumentation at multi-unit nuclear power stations
was evaluated and implementation initiated.

418, lafeauardr implementation at a major LEU fuel fabrication plant woo
completed oucceesfully  in a nuclear-weapon State. In addit ion,  a  faci l i ty
attachment wao negotiated for another LEU fuel fabrication plant, with
exceptionally lorae inventory and throughput coupled with complex and advanced
production linen (oafeauards  to be initiated at the plant in 19881,

419 I Diocuoeiono were initiated with another nuclear-weapon State on the
application of rafeguardr at a font breucier  reactor, for which the development
of a propored eafeauardr approach beaan.

420, The utilization of perrronal computers (PCs) in routine safeauarde
activities at a LEU fuel fabrication plant in a nuclear-weapon State provided
poritive preliminary indications for the wide utilization of PCe at other
facilitieo,

421, Facilitieo and procedurea for developing and reviewing photo
surveillance films were established in one State and at the IAEA Office in
Toronto.

422. Tranofero of spent fuel between primary and secondary storage were
rucceetafully verified,

423 a Work on the negotiation of facility attachment@ continued, with aeven
new facility attachments enterina into force and 30 being renegotiated.

424. The IAEA Off icee in Tokyo and Toronto continued to make a eignif icant
contr ibut ion  to  e f f ec t ive  and  e f f i c i en t  aafeguardo implementation. More
adequate office accommodation became available in Toronto, and the initial
phase of an electronic communication link for the protected tranomieeion  of
eaf eguardo confidential data to Headquarter0 was installed. Consultation8
c o n t i n u e d  on t h e  converoion  o f  t h e  t w o  office9 i n t o  r e g i o n a l  officea,
Agreement  wag reached with Canada to extend the functions of the Toronto
Office to cover other Member State8 in the region,

425. The number of avsilable  inspector man-years (including inspection
aeristant  man-years) ro6e from 175,9 to 179,7 (an increase  of 2.2%), and there
woo an increeee of 5,2X in the number of available man-years of deoignoted
inrpectoro ( a n d  i n s p e c t i o n  aeeistante) f o r  c a r r y i n g  o u t  i n o p e c t i o n e  a t
facilitiee,

Safeguards information treatment:

426 e The nucleus of a departmental local ayea network for data proceooing
devicee wao eotablirhed with the inetallation of a Compact HicroVAX 2000 and
the introduction of new eoftware. A new front-end device provides the link
between the network and the eafeguarde mainframe computer.
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427 9 For international transfer reports received in 1987, the Agency was
atle during the year to match 83% (84% in 1986) of the notifications of
shipments with notifications of receipts; 27% of the reports (28% in 1986)
were totally processed by computer, while 73% (72% in 1986) required manual
processing. For domestic transfers the corresponding figures were: 96%
matched (97% in 1986 1, 85% (85% in 1986) processed by computer and 15%
(15% in 1986) requiring manual processfng,

428. With the help of a State’s support programme, software was developed to
assist in the manual matching of nuclear material shipment notifications,

429, The implementation of recommendations made by consultants for improving
the abi l i ty  of  the Agency to  confirm international  transfers  of  nuclear
material  was  faci l i tated by the  distr ibut ion of fac i l i ty  codes  to  Member
States, Efforts continued to resolve problems in this area by establishing
regular bilateral consultations with a further Member State engaged in nuclear
activit ies,

430, Intensive work was done on daveloping a more efficient computerised
system for processing reports provided to the Agency pursuant to
INFCIRC/bblRev,2-type  agreements, All data received by the end of 19C7 were
entered into the database, and computer programs for quality control of the
data were implemented.

431. The computerized inspection report (CIR) system was revised in order to
accommodate new reporting requirements. A main stratum authority file was
established in support of inspection activities and safeguards evaluation,
The implementation of a new central seals management system woo completed.

432, The format of the eami-annual statement on the promptness OI submission
of State reports was modified so as to provide a more comprehensiv  1 assessment
of timeliness.

433 I Support was provided to inspectors in the implementation of in-field
information processing systems. A microcomputer system was implemented for
the in-field comparison of facility record;: and State reports for a specific
fac i l i ty . Consultations were held with Member States on a modular approach to
developing inspection field support systems involving the use of personal
computers; prototypes of some components of these systems were developed.

434 I A feasibility study for the further development of the IAEA Safeguards
Information System (ISIS) was completed and a list of future requirements fQr
safeguards information processing was prepared.

Safeguards develovment and technical support

435 * Work continued on tile development of enrichment monitoring systems for
use in the inspection of cascade areas at ten’-rifuge-type  uranium enrichment
plants. The testing of prototypes of such systems is in progress at the
Safeguards Analytical Laboratory (SAL). Implementation of a monitoring system
at one enrichment plant is planned for 1938.

436. The introduction of a new generation of NDA equipment continued;
microprocessors were introduced to facilitate the setting up of equipment and
the measurement of nuclear material, includ).ng data evaluation. Sophist hated
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data evaluation requirements were met by employing more powerful portable .:
computers,

437. Fifteen material-specific NDA measurement procedures for inspection use
were drafted, and work started on reviewing five of the drafts. 1

438. Efforts continued to develop dedicated closed-circuit teloviaion (CCTV) ;
syotems and components with the aim of replacing obsolete photographic
equipment.

439, Work started on developing means of authenticating surveillance and
materials accountancy measurement systems installed by facility operators.

440. The feasibility of a modified system for detecting the discharge of
spent fuel bundles from a CANDU reactor was experimentally demonstrated, and
development work started on the design of an engineered system for continuous
core discharge monitoring at CANDU reactors,

441, The feasibility of verifying light-water reactor and on-load refuelled
reactor spent fuel assemblies in situ by NDA techniques was demonstrated at a
amall number of facilities,

442. Special attention was paid to the development and improvement of new
safeguards approaches for:

Facilities where optical surveillance alone provides inconclusive
results;

Faci l i t ies  where  the  approaches  current ly  being used do not
provide for the full attainment of the inspection goals;

Other types of facil it ies, such as fast breeder reactors (FBRs) ,
highly automated fuel fabrication facilities (where sample taking
for analysis may be difficult) and long-term spent fuel storage
frcil,ities (where access for the verification of irradiated fuel
will  be difficult).

443. Safeguards approaches for specific long- term underwater storage
facilities were developed, and work started on a safeguards approach for
nuclear material in waste and s p e n t  f u e l  f o r  w h i c h  f i n a l  d i s p o s a l  i s
envisaged. The development of improved safeguards approprches for LWRs with
fresh MOX fucrl and fuel assemblies designed for dismantling continued,

444 * A comprehensive review of a decade of international research and
development efforts concerned with safeguards at reprocessing plflnts was
completed, The LASCAR (LiIrge-Scale Reprocessing Plant Safeguards) project was
initiated by a voluntary contribution from the Government of Japan, with the
objective of developing a broad understanding of effective, efficient and
practical safeguards techniques pertinent to the commercial-size reprocessing
plants expected to begin operation by the year 2000.

445. The second phase of a United Kingdom-supported investigation of the use
of probabilistic methods for asoeasing safeguards effectiveness (PASE)  at a
HOX fuel fabrication facility neared completion,
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446. The followins rtatirticr  prcvide an overview of the technical rervices
provided in 1987 (1986 values in brackets):

Twin photo unite in UIO
Photo cameras repaired and tertrd
Twin photo unit failure6 related to equipment
Surveillance f ilmr doveloped arid reviewrd

268
364

0.7%

(260)
(340)

(0,9X)

at Headquarter8 1 794 (1 946)
Seals verified 12 456 (10 300)
Shipments of equipment 237 (249)
Shipments of rampler and aourcea 123 (113)
Procurement action0 679 (767)
Sampler analyrred by SAL and NWAL 1 344 (1 036)

447, The number of STAR video rurvrillance  ryrtemr in operation remained
conrtant. T h e  r e l i a b i l i t y  o f  t h o  rystemr warn impraved, b u t  m a i n t e n a n c e
requiremento remained high,

448. A recond multiplex TV rurveillance  ryrtrm warn  inrtalled, at an on-load
refuelled reactor, and operatin experience WII acceptable,

449. The problem8 reported lart year with portable multichannel analysers
( PHCAs  1 were solved . At the end of 1987 a total of 55 PMCAe  were in utae and
perfarmin6 aatisfacto*ily.

450, Two laboratories, one in the United State8 and one in Canada, joined
the Network of Analytical Lrboratorirr (WWAL).

dr evalu@ioq

451. Further improvementr were made in  the review and evaluat ion of
inrpection report8  and inrpection rtatrmentr to Stater  purruant to agreements
baaed on INFCIRW153  ( C o r r e c t e d )  a n d  o n  IUFCIRC/66/Rev.2. Altogether
2353 inrpection report8 ( 2 1 9 5  i n  1 9 8 6  1 and  2508  inrpec t ion  rtatemento
(2279 in 1986) were reviewed uring computer-arrirted review procedurer.  To
help in further rpeeding up the dispatch of lrtatementr to States, a eyrtem for
monitoring the averaBe duration of major rtepr in the procerring of rrtatements
was initiated.

452. In the area of quality oeaurance, arreermentr o f  thm revirwin o f  reals
and surveillance filmrr continued and further internal audit8 were performed -
*:or example, of compliance with inrtructionr  dur ing  the  preparat ion  o f
inrpection report8  by the three Divieionr of Operations and the Division of
Safeguards Information Treatment, T h e  implemantation o f  action8 resulting
from five previous internal audit8 of Al)ency safeguards in randomly selected
States wee oarsseed in follow-up status reporte.

453 I The criteria used in evaluating loal attainment for the purporree of the
SafegJardo Implementation Report8 were reformulated, Further work was done on
e labora t ing  guidel ines  for  future uafeguarda activitieu  in  the  l ight  o f  the
technological  developments expected over the next 15 years, Preliminary
dircuorionr on thir subject were held with the Standing Advisory Qroup on
Safeguards Implementation (SAWI).

454. Software improvementa raaulted in a more etandardieed MUF (material
unaccounted for) evaluation procedure for 38 material balance areaa. Alro,
new sampling planning procedurea were drafted fn order to batter accocmnodate
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both non-dertructive and deetructive  measurement method0 of verifying material
balances. Algorithms were written for thir purpose and data files wore
defined and tested, Data were analyeed for the certification of NDA reference
materiala.

455, A direct protected computer link was installed between the Safeguards
Analytical Laboratory and Headquarters, thereby permitting the more efficient
tranrfer of mearurement rerults. Hirtorical data relating to a number o f
bulk-handling facilitier were ueed to estimate measurement errora reflecting
the quality of the measurement rystemr  ured in material balance evaluations.
Aoristance wan provided in rerolving measurement problems and diocrepancieo  at
reveral bulk-handling f a c i l i t i e s . Exchan8ee  of measurement data with EURATOM
rerulted in better l atimater of mearurement errora.

456. Data from major tank calibration experiments and l c tual tank
calibration activitier  were analysed.

457, In  support  of t h e  Deprrtment’r  negotiation teamr, approximately
80 facility-specific attachment6 and Benera parts of Subsidiary Arrangements
were reviewed. Work on a new model facility attachment for foot breeder
reactor8 neared completion, a n d  t h e  r e v i s i o n  o f  o t h e r  m o d e l  f a c i l i t y
attachments etarted.

458, Work continued on the ref inement and revirion  of  the Safe6uardr
Hanual. A third volume, containing reference material, was issued a n d
preparation of a fourth volume, on mana6erirl matters, was completed for iseue
in 1988, The preparation of a volume on safe6uardr  equipment warn initiated.

459 * The CIR logeheets were revised and new procedure6 for the reporting of
anomalies incorporated. Preparation6 for the i n t r o d u c t i o n  o f  a  new
stratification echeme  were completed,

460, The Saf esuarde Hanagement Informat ion  System (SMS) c o n t i n u e d  t o
provide management with regular reports on resource utilization, the statue  of
inrpector derignations, scheduled meetingo and administrative matters,

461. Two introductory course8 on Agency eafegJarde  were conducted for new
inspectore; they included comprehensive inspection exercioee  and NDA and
containment and eurveillance  (C/S) exercises in three Member States. Eleven
advanced and refresher couraee f o r  Profeseional staff were held at
Headquarters and in the field. Substantial eupport in the organization  and
conduct of trainins courses continued to be provided by Hember State@.

462, Nine safeguards trainee8  participated in the fourth training prograrmne
for junior professionals from developing countxiee,  which inclu@ed claseroom
lectures, laboratory experiment8 and visit8 t o  n u c l e a r  f a c i l i t i e s .  T h e
trainees attended a compreheneive  inspection exercise in the German Democratic
Republic and observed inepectionr in two Hember Stateo. A fifth programme,
with five safeguards trainees, beBan in February 1988.

463. Two training courses on State Systemta of Accounting for and Control of
Nuclear Material  (SSAh) were organized: an advanced course held in the
United States of America and attended by participant0  from 21 Member Stateo;
and a regional course, for personnel from Hember State6 in the Far Eaot,
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South East Asia and the Pacific region,
participants from aeven Member States.

held in Japan and attended by

SuDDOrt  bv outside exnert JWOUDO  and by Member States

464 l During 1987, SAGS1 began considering guidelines for future safeguards
activities prepared by the Secretariat with a view to establishing a long-term
Framework for the planning of such activities.

465. SAGS1 completed its discussion of CANDU reactor safeguard8 and came to
the conclusion that the Agency’s overall approach to the safeguarding of CABDU
600 reactors was soundly based, In particular, SAW1 concluded t h a t  the
system of discharged bundle counters and other C/S measures ia adequate for
the purpose  o f core verification. SAGSI’s advice regarding some
implementation problems will be incorporated into a revision of the CAEDU  600
model safeguards approach.

466. SACS1 provided advice on the role of C/S measures in safogucrde,
eapec i al ly on considerations concerning the remeasurement  o f nuclear
material. The Secretariat began examining this advice in the course of
planning act iv i t ies  re lat ing to  the application and performance o f  c / s
measures.

467. SACSI also provided advice on the formulation of statements to be
provided to States pursuant to sub-paragraphs 90(a) and 90(b) of INFCIRC/153
(Corrected).

468. Substantial contribution8  to the safeguards development programme were
again made through national programmes i n  SUppOrt O f  Agency safeguarda.
Belgium, Canada, France, the Federal Republic of Germany, Italy, Japan, the
Soviet Union, the United Kingdom, the United States and the European Community
provided support within the framework of formalized support programmes. A
formal support programme was established with Sweden. Other Member States
(notably Australia, Austria, Bulgaria, Czechoslovakia, Finland, the German
Democratic Republic, Hungary, the Netherlands and Switzerland) continued to
contribute through research and development agreements, contracts and test
programmes, Further testing and performance monitoring of safeguards
equipment for CANDU reactors were carried out in Argentina, Canada, India, the
Republic of Korea and Pakistan. Argentina continued to co-operate with the
Agency in the  development of a safeguards approach for a heavy water
production plant.

469. An advisory group reviewed the status of NDA techniques for the
verification of spent fuel assemblies from LWRs and made recommendations on
existing technology and the implications of new trends in fuel design and
management for the performance of NDA measurements.

470. Another advisory group reviewed the status of and future needs for the
evaluation of t h e  qua l i ty  o f  sa f eguards  ana ly t i ca l services and made
recorrrmendations rel&ting  to quality assurance, to the  resolution of specific
problems, to the operation of the NWAL and to future trends in areas such as
on-site measurements and the use of robots,

471. Committees and other regular forms of contact between the Agency and
Hember S t a t e s , including working arrangements with facility operators,
continued to make a significant contribution to the solution of problems
relating to safeguards implementation.
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Table 2

States having ai&nifiCant  nUChW aCtiVith0

(at the end of the year indicated)

Number of Stateo

1985 1986 1987

NNW States with safeguards applied under
NPT and/or Tlatelolco agreements 42 42 42

NNW States with safeguards applied under
INFCIRC/66/Rev.2  agreements a/ 11 11 11

NNW States without safeguards agreements
in force 0 0 0

Total number of NNW States with significant
nuclear activities 53 53 53

NW States with voluntary-offer agreements
in force 4 4 4

Other NW States 1 1 1

Total number of States with significant
nuclear activities 58 58 58

a/ Some States with INFCIRC1661Rev.2 agreements which have not yet been
suspended although NPT agreements have entered into force are listed under
NPT agreements only.
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Table 3

Approximate quantitier of material rubject to Agency EafegUard8
except that covered by voluntary-offer agreement@ with NW Stateta

(at the end of 1987)

Quantity of material (t)

Type of material in NNV
State0

in NW
States

Quantity
in SQ

Plutonium pi contained in
irradiated fuel

Separated plutonium outride reactor corea

Recycled plutonium in fuel elements in
reactor cores

HEU (equal to or greater
than 20% uranium-235 1

LEU (lees than 20% uranium-??5)

Source material W (natural or
depleted uranium and thorium)

Total oiwdficant auantitieq

171.1 9.9 22 631

7.9 0.9 1 110

006 0 78

12,2 0 271

23 053 1 352 7 748

35 397 0 2 969

Bon-nuclear materio& 2’

Heavy water 1 457 0

34 807

p/ The quantity includes an eetimated 5 6 . 9  t ( 7 1 0 7  SQ) o f  p lutonium in
irradiated fuel, which is not reported to the Agency under the reporting
procedures agreed to ( the non-reported plutonium is  contained in
irradiated fuel aseemblies to which item accountancy and C/S measures are
applied).

&/ This table does not include material within the terms of sub-paragraphs
34(a) and (b) of INFCIRC/153  (Corrected) - in essence, yellow cake.

~1 Non-nuclear material subject to Agency eafsguards under INFCIRC/66/Rev.2-
type agreements,

41 “Quantity in SQ” dorre not apply to non-nuclear material.
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Table 4

Approximate quantities of material subject to Agency safeguards&'
in installations designated for inspection under

voluntary-offer agreements with NW States
(at the end of 1987)

Type of nuclear material Quantity of Quantity
material  (t ) in SQ

Plutonium contained in irradiated fuel 43.2 5 402

Separated plutonium 0 0

LEU (less than 20% uranium-2351 4 a47 892

Source material (natural or depleted
uranium and thorium)

Total SQs

15 470 828

7 122

a/ This table does not include small quantities of HEU rounded to zero SQ.
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Table 5

Inrtallationr  in NNW States under rofeguarda or containing
rafrguarded material at 31 Docombrr 1987

Inrtallation  category
INFCIRW153~ INFCIRC/66/Rev,2 Totalk’

A. Power reactorr 157 20 185 ( 1 7 8 )

B, Research roactorr and
cri t ica l  asrrmblie~ 146 26 1 7 2  (176)

- -

C* Convsruion plants 4 3 7 (6)

D. Furl,  fabrication plantr 30 10 40 (36)

E* Reproceasing plantr 4 2 6 (6)

F. Enrichment plontr 5 1 6 (6)

G. S e p a r a t e  storage f a c i l i t i e s  3 2 2 34 (34)

H, Other f a c i l i t i e s 43 3 46 (43)

Sub-total 421 75 496 (485)
. ..111..1....1.1...3.~~~.~~~~~.~~~~~~~..~~~~

I. Other locet ions 378 28 406 (414)

J. Non-nuclear installations 0 2 2 ( 2)

Totale 799 105 9 0 4  (901)

81 Covering aafeguarde agreements pureuant to NPT and/or Tlatelolco Treaty,

k/ Numberu  for 1986 are indicated in parentheses for comparison,
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Table 6

Installations in NW States under INFCIRC/66/Rev.2
safeguards agreements or designated for inspection
under voluntary-offer agreements at the end of 1987

Number of installations

Installation category INFCIRC/66/ Voluntary
Rev.2 offer TCTti'

A Power reactors 0 3 3 (3)

B Research reactors and
critical assemblies 0 1 1 (1)

D Fuel fabrication plants 0 1 1 (1)

F Enrichment plants 0 1 1 (1)

G Separate storage facilities 2 1 3 (3)

TOTAL 2 7 9 (9)

a/ Numbers for 1986 are indicated in parentheses for comparison.
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Tablo  7
llturtlon  on 31 Doombar  lQO7 with rrnpoot  to thr oonclurlon  of rrfa~urrdm  a&rrarntt

brtwmrn  tha Alanof  mnd non-nuolmr-urrpon  Itrtmn Ln connaotion  with WPT

Non-nuolmrr-uanrpon  Itrtnn which hrvr rlqj, Drta of ratlf\oatLon,
rrt\flad, rooodod  to or woorrdrd to WPT roowrion or nuoomnnlon*

, Irfoauardn  rarormrnt  wltb
thr ABonoy 1NCOlRC

(1) f?) 0) (4)

Af@hrn\ntan
AntLaur  rnd Barbuda
Au*trrl\r
Au0Crlr
Drhurr

Drn8lrdoh
Bwbrdor
Brlllum
Brl\no
Banin

Bhutan
Dollvia  h’
lotww
Brunei DIrWalam
nulgrrlr

Burkina  Pa10
Burundi
Cmmroon
Canrdr
Cape Vwdr

Qontrnl  Afrlorn  Rrpubllo
Chad
Colombia
Con60
cortr Rlor P'

cbto  d'xvoirr
cypruc
crrohorlovrktr
kmoorrtio  Ympuohm
Doworctlo P~oplo~r  Rapubllo  of lorom

Bamorbtto VImon
Donmrrk  Pi
kminlor
Dominion Rrpubllo  k'
loutdor b

@lYPC
I1 lrlvrdor hi
lqurtorlrl  Ouinrn
Ithiopir
Plj\

yinlrnd
oabon
olmbir
Oormrn  kmoorrtio  Iopublio
Donrny,  Codrrrl  Ropubllo  of

Ohrna
Or0000  9'
oronrdr
ourtrmrlr  k'
Oulnor

Oulnw-llrwu
nn\t\ v
Holy Irr
Honduran k'
Hwwry

4 yobrurry 1070
1 Novombar  1061

11 January  1073
?? Juno 1960
10 July 1913

?I Ioptonbrr  1979
11 Mbrurry  1990
1 nry 1075
9 Au6unt  1005

31 Ootobrr 197?

23 nay 1985
16 nry JP70
?I April  1969
15 Mrroh 1965
5 8rptambor  1969

3 Maroh 1970
19 March 1971
9 J&nurry  1969
9 January 1969

14 Ootobw  1979

15 Ootobrr 1970
10 March 1971
9 April 1966

13 Ootobor 1976
3 Wwoh 1970

6 Mrrch 1973
10 Cabrurry  1970
PP July 1969
1 Juno 1972

11 Dooombrr  1965

1 Junr 1979
3 January 1969

10 Auaurt  1964
14 July 1971
7 Nrroh 1969

?6 Cobwary  1961
11 July 1972

1 Wovrnbw  1914
5 Cobrurry  1970

14 July 1971

5 yobrurry  1969
1P lobrurry  1974
11 Hey 1975
31 Ootobrr 1969
1 nay 1975

5 nry 1970
11 Hrrch 1970
19 Au6uvt 1974
13 6rptmnb.r  1970
?9 April 1965

20 Au6urt  1976
? Junr 1970

25 ?obrurry  1971
16 nry 1973
27 Hry 1969

In forool 10 Iobruary  1979

In toroml 10 July 1974
In toroml 13 J u l y  3971

In toroml 11 Junr 1901

In tororl 21 Cmbrurry  1977

Approvrd by tho Iorrd, Fob,1906

Il#nrdr a3 Aulurt  1974

In toroml 4 Novombrr  190
In Corool 19 Frbrurry  1971

In toroot 11 lrbrurry  1972

In Poror~ 21 Novrmbrr  1970

In toroml I Irptambor  1963
In toroml 26 January 1973
In toroot 3 March 1972

In forool 11 yvbrurry  1977

In foroml 11 Ootobrr 1973
In forool 10 Haroh 1975

In forco~ 30 Junr 1911
In for001  '1 April 1975. . - -

2 5 7

?17
156

160

171

3 0 9

119

173

193

101
231

302
132

Approvrd  by the Board, Juno 191b
In foroal 1 booamber  1977 161
In forool 31 March 1973 192

In for001 9 Imbrurry  1971 155
Ill6nodl 3 Dooombrr  I979
In for001 I Au6ult 1971 277
In foromi 7 Waroh 1972 181
In forooi 21 yrbrurry  1977 193

In forooi 17 Crbrurry  1975 226
Aoco@vlonl 17 Dvcomber  1911 193

In forcml 1 Iabrurry  1962 299

Ii6nmd: 6 January  1975
In foroo: 1 Au6urt lQ7? 117
In forco! II April 1975 2 3 5
In forom: 30 Waroh 1972 174
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Iorlrnd
Indono~lr
Iran, Irlulo  Iopublio  of
Iraq
Xrolrnd

ICOlY
Jurlor  h’
Japan
Jordan
KOIIYA

Klribrtl
lloror, lopubllo  of
Kuwr\t 8'
Lao Pooplo’a  Doauarrtlo  Iopublio
Lobrnon

Lomotho
Llborlr
Libyan Arab Jurhirlyn
Lioahtonrtoin
Lummbour~

Nrdr~raorr
WI1  bU\
Nrlryrlr
Hrldiror
WA11

lhlh
Hrur\tlua
norloo  h'
Nongolla
ltoroaoo

wruru
Yapal
Wothorlrndl  f'
Wow Zorland
bllo8rr~ur W

Wl~orlr

NOWl#

?rnur
Papua Wow Oulnor
Prrr&ury  w

Peru Pi
Phlllpplnor
?olrnd
Portqrl L’
Roarnlr

Rwrndr
pt.Luolr
It. Vlnornt  and the Orvnrdlnom
muor
Ian lhrlno

Ire tom rnd Prlnclpo
Irnr8rl
payohollmm
rlrrrr  Loon0
Ulnarparr

11 Juli 1979
2 yobrurru  1070

29 Ootobor-1040
1 July 1999

1 nry 1975
5 Nrroh 1970
0 Juno 1979

11 Cobruary  lq70
11 Junm 1970

19 April  1995
13 April 1975

10 pobrurry  1970
15 July 1970

20 nry 1970
5 Mrroh 1970

Yb nry 1975
10 Awl1 197I

2 niy 1975

0 Ootobor 1970
la yobruery  1999
5 Hrroh 1970
7 April  1 9 7 0

10 yrbrurry 1070

6 Cobrurry 1970
25 April  1940
21 Jmurry 1949
14 nry 1QbQ
I7 Novrmbor  1970

? Juno IPI?
5 January  1970
1 w1y 1975

10 Ioptonbor  1949
b Nrroh 1973

27 #optrnbrr  1949
5 pobeurry  1949

13 January 1977
15 J&wary  19Ol
4 pobrurrp  1970

3 March 1970
5 Ootobrr 1971

11 Juno 1999
15 Doarnbor  1977
4 lrbruwy  1970

20 My 1975
?I Dwwmbw 1919
b Novrmbrr  1984

17 Mrroh 1975
10 Au9unt 1970

10 July 1993
17 Dacombor  1970
11 March 1905
?4 prbrurry  1975
10 Horch 1974

In forcol
In for001
ln for001
In forcol
In for001

In for001
In for001
In for001
In lororl

16 Ootobor 1974 115
14 July 1910 283
15 nry 1974 214
19 Yrbrurry  1972 172
I1 yrbrurry 1977 193

11 prbrurry  1977 193
b Yovoabor  1971 2b5
1 Dvoonbrr  1077 255

21 Cobrurry  1071 251

In loroot 14 Novlmbor  1975 13b

In forool 5 Maroh 1973

In fororl

In for001
In forool
In for001

In for001

In for001
In for001

11 Junm 1973

I July 1910
4 Ootobrr 1@7@

11 yrbruary  1077

14 Juno 1973

19 yobrutry  1072
1 Ootobrr 1977

In forool 31 January 1073 190
In foraol 14 yrptonbrr  1973 197
In forooi 5 Ivptvnbor  1971 198
In fororl 18 yrbrurry 1875 228

In forooi 13 April 1914 317
In forooi 12 Juno 1971 1.b
In lorooi 13 Yrbrurry  1977 193
In forori 29 prbrurry  1971 115
In forooi 19 Dacmnbor  1974 24b

In forooi 1 Hrroh 1071

In forooi 13 Ootobrr 1913
In foroor 10 nwoh 1979

In loroo~ I Auaurt 1970
In for001 19 October  1974
In forooi 11 Ootobrr 1971
Accrrrlonr 1 July 1919
In forcmi I7 October  1971

In forcmi  11 January 1979
Approvrd  by thv Board, rob,1977

In force: 14 Janurry  1980

Il9nadi 10 Wovrmbrr  1977
In form: II Octobmr  1977

191

199

1111
175
193

200

181
253

177

312
279

273
216
179
193
110

268

276

159



Iolomon Irlrndr 15 Juno 1011
IoarlLr 5 Nrroh 1970
Ipain 5 Novvnbor  1917
Dr\ Lanka 5 March 1979
ludrn 31 Ootobmr  1973

Iurinarr  hi 30 Juno 1976
Iwr8lland 11 Dvoombmr  lQb9
Iuadon 9 January  1970
Iuitwrlrnd 9 Mrroh 1977
Iyr\aa Arab Iopublio 14 Ioptmbor lQb9

thrilrnd 7 Dmoombor  1971
Togo ?b Fobrurry  1970
TonIr 7 July 1971
trinldrd  and TobrIo 30 Ootobor  1QIb
tun\vlr 2b Pabrulry  1970

turkry 17 April 1910
Tuvrlu 19 January 1979
UIrnda 10 Ootobvr  l@I?
UruIury  k/ 31
Vonauolr W

Au~umt 1970
2b Ivptmmbor  1975

In foromi b AuIunt  1914 310
In for008 7 Janurry  1977 245

In forari 2 Cobrurry 1979 2bQ
In forum1 21 July 1975 227
In Corooi 14 April 1975 234
In forori b Irptrmbrr  197I 2b4

In foror! lb May 1974 241

Approved  by thm Ioned, Cob,1975

In for001 1 Ioptmbmr  1911 295
Approved  by the Board, yob,JQIb

In fororl 17 Ioptambrr  197b 157
In foroai 11 Nrroh l@I? 300

Viot N&m
Yawn  Arrb Ropublio
YuIorlrvir
trlro

14 Juno 1912
14 Hry 1QIb
3 March 1970
4 Aulurt 1970

In fororl 21 noooabrr  1973 104
In for001 9 Ho abar 1971 113

the inlonrtion  roproduood in oolumnv (17 rnd (1) YW providmd  to the AIonoy  by dvporlt@ry  Oovrrruontr  of
WPT, and rn ontry Ln column (17  door not Imply thm l rprrrnlon of my opinion on tho prrt of tho Irorotrrlrt
oonoorn\r.g  tho logo1  mtatur of any oountry or torrltory  or of itv ruthorltirn,  or oonovrn\nI  thv
drl\mItatlon  02 Ltm front\orr. 'F-ho Tablr door not contain  inform6tlon  rol&tlnA  to thr prrtlolprtion  02
trirrn, Oh\nr in NIT,

the rolovrnt  rrfr~urrdr  raroomont  rdrrr  to both NPT rnd the Tlrtvloloo  trraty.

tho NPT rrfoluardr  agrorrrnt  with Donmark  ~INyOIRO/llb~, in foroo minor 1 March 1971, hra boon rrplrood  by
thr rIromnt  of 5 April 1973 botwoon  thr non-nunlrrr-wrrpon  Itrtov of EURATOH, IUMTOH  rnd thv AIvnuy
(1NyC1~0/193)  but rtLl1 rpplirr  to thr Prroo  Ivlrndr. Upon Orornlrnd'r  rooovrion  from BUMTON  I) of 51
January 1915, thv AIrvvmont  botwoon  tho Agonoy  rnd Donmrrk  (INyCIRCI17b)  rr-rntrrod  into foror u to
Orronland.

The Bppliolt\on  oY Ac,rnoy  rrfoIuardr  in Orovor  undrr the rIrrvmvnt  INCC1RD~lbb , provlr\onrlly  Ln for00 vlncm
1 Nrroh 1971, w&m mwpondrd on 17 Deormbor  lQI1, rt whioh  drtr ~rrmom  rooodrd to thr rIrromont  of
5 April 1973 (fKCCIRC/l93)  b&worn  the non-nuolrrr-urrpon  Itrtar of IURATOY,  BURATOH  and the Awnoy.

Kuw\t r\5nod  NPT on I5 Aulurt  1Qbl but hrm not yrt ratiliad  it.

An r5roraont  had l lro boon ooncludod ln rorpvot  of tho Nvthrrlrndv  Antillrv  (INyCJRC/?29), thlm l pmaarnC
rntorrd  into loroo on 5 Juno 1975.

the NPT mrfowrdr a rarmrnt  with PortuIal  (INCCIllC/272),  ln foram mlnoo 14 Juno 1979,  w~v #u@pmdrd on
1 JulY 1QI4, on whio ! drtv PortuIrl  l ccvdvd to thr rIroonont  brtrven  the non-nuclvrr-wvrpun  Itatvv of
#UMTQn, BUMTON  and the AIvnoy  of 5 April 1973 (INyCIIWlQ3).
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Ilturtlon  on 31 Doorbmr  1917 wlth rompmat  to the oonolurlon of

rrfrgurrdr  rgrrrrontv  botworn the Agrnoy  and Itrton  party to the Tlatdoloo Trorty  A’

Itrtor party to the Data of booomlng  I Party Ictoguardv  &grrorrnt
tlrtololoo trorty to tha tlrt~loloo  Tralty with the Aganoy

(1) (1) (3)

INCQIilC

(4)

Antlgur  and Borbudr 11
Irhrwv ?b
Irrbrdor
Iolivla  k’

15
11

Colomblr b

Ootobor 1913
April 5977
April lQb9
Cmbrurry  19bQ
Irptombor  3972

Ilgnrd I 2 3 AuIurt  1974
In forooi 22 Docrmbrr  1912 306

Corta Rlom  k’ 25 AuIuvt  lQb9
Domlnlor
Iourdor b

Iopubllo  k’ 14 Juno 190

I¶ Irlvrdor  k'
11 Pobrurry 1919
12 April  lQb1

Oronrdr 20 Junv 1975

In for001 22 Novombor  1979 271
In fornoi 11 Dotobor  1973 2'11
In forcei 10 nrrcS  1975 131
In torori 22 April  1975 ?3?

ourtr  la k’
nrrti '1
Hondurrs  k’
Jubior k’
norloo  k’ Pi

1:
13

::

Cobrurry  1970 In loraoi 1 Pmbrumry  1912
ffry lQb9 Ilgnod I b January 1975
Ioptombor  1911 In Coromi 11 April 1975
Juna 1969 En forooi b Novvmbor  1971
lmptrnbor  1967 In foroai 14 Ioptvmbor  1973

299

235
2b5
197

Nlorrrgur  h/ 24 Ootobor lQb1 In forooi 29 Doonbor  197b 24b
Prnur 11 Juno 1971
Paraguay  Pi

In foram~ 23 nrroh 1914 31b

Peru k’
19 Nrroh 19bQ In for001 10 Ilarch  1979 279
4

lurlnuo k’
Maroh 1919 In Corari 1 AuIurt  1979 273

10 Juno 1977 In foram: 2 Pobrurry 1979 269

trlnldrd  and Tobago 27 Juno 1975
Uruguay W 20
Vormrurlr  k'

AuIuvt  19bI
23 Maroh 1970

In lorcmi 17 8vptembrr  197, 157
In foromr 11 nrroh lQI? 300

A/ the lnfomatlon  rrproduood  In oolulnr (1) and (2) YII t&w from thr rvlovrnt  OPANAL #taturn  report.

In rddltlon to the Itatw  llvtrd ln oolu~  (lb, ArBrntlna, Bra11  rnd Chllr hrvr vlgnmd the
tlotololoo treaty. Houovor,  thry hrvo not yvt brcom  prrtlvr  to thm  trrrty  II thoy hrvo l lthrr not
yrt ratlf\od  lt or not wrlvrd  tho roqulromrntr  for itv rntry  Into forcm 81 provldrd for In Artlolr
?I(?) of tho treaty.

p/ the rolmvmt rrtogurrdv  rgrromrnt  rdmrr to both tlrtrlolco Trmmty and NPT.

A/ The rppliortion  of rrtvgurrdr  undrr rn rgrovarnt  with norloo  ln oonnoctlon wlth the tlrtrlolco Treaty
which l ntorvd into foror on b Ioptombor  19bI ~INWIRQ/11I7  YII vurpondod  rttor tha oonolurlon of an
rgrownt with Hrrloo  ln connootlon with both thv tlrtmloloo treaty and NPT (INPCIRC/197).

- 8’1 -
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Table 9

Agreements  providing for safeguards, other than those
in connection with NPT or Tlateloico  Treaty,
approved by the Board as of 31 December 1987

8/
Party(ie81' Subject Entry into force IUFClRC

While the Agency  is a party to each of the following agreements , only the State(s) party to them
is (are) listed.)

(a) Project Alrreements

ArRentins

Chile
Finlandb-l

Greec&
Indonesiab-l
Iran, Islamic Republic ofR'
Jamaicab-/
Japa&
MalaysiaR'
Wexic&

Pen&'
Philippine&
Romaniab/

Spain
Thailandb-//United States
l’urke&
unlg”;y~’
Veneauelab-'
viet l&ml=
YuZoslaviaR'

Zaire@

fb) Unilateral submissions

Chile

Cuba

Democratic People's
Republic of Korea

India

Pakistan
Spain

United Kingdom
Viet  Ram

Siemens SUR-100 13 #larch 1970 143
RAEP Reactor 2 December 1964 62
Herald Reactor 19 December 1969 137
FIR-1 Reactor 30 December 1960 24
FINN sub-critical assembly 30 July 1963 53
GRR-1 Reactor 1 Warch  1972 163
Additional core-load for TRIGA Reactor 19 December 1969 136
UTRR Reactor 10 Ray 1967 97
Fuel for research reactor 25 January 1984 315
JRR-3 24 Rerch 1959 3
TRIGA-II Reactor 22 September 1980 207
TRIM-III Reactor 18 December 1963 52
Siemens SUR-100 21 December 1971 162
LaRuna Verde Nuclear Power Plant 12 February 1974 203
Fuel for research reactor 2 December 1983 313
PRR Reactor 5 Rarch 1962 34
Boaster rods for KANUPP 17 June 1968 116
Research Reactor and fuel therefor 9 Hay  1 9 7 8 266
PRR-1 Reactor 28 September 1966 88
TRIGA Reactor 30 Rarch 1973 206
Experimental fuel elements 1 July 1983 307
Coral-I Reactor 23 June 1967 99
Fuel for research reactor 30 September 1986 342
Sub-critical assembly 17 Hay 1974 212
URR Reactor 24 September 1965 67
RV-1 Reactor 7 November 1975 238
Fuel for research reactor 1 July 1983 306
TRIGA-II Reactor 4 October 1961 32
Krsko Nuclear Power Plant 14 June 1974 213
TRICO Reactor 27 June 1962 37

All nuclear material and facilities
Atucha Power Reactor Facility
Nuclear material
Rmbalae Power Reactor Pacility
Equipment and nuclear material
Ruclear material, material,

equipment and facilities
Atucha II Ruclear Power Plant
Heavy water plant
Heavy water
Ruclear material
Nuclear material
Nuclear material
Ruclear material
Nuclear research reactor and
fuel therefor

Ruclear power plant and nuclear
material

Zero-power nuclear reactor and
fuel thercfar

Research Reactor and nuclear material
for this reactor

Nuclear material. material and
facilitieu

Ruclsar  material
Nuclear material
Nuclear material
Vandcllos  Nuclear Power Plant
Specified nuclear facilities
Rucleer material
Research reactor and fuel therefor

Approved by Board, June 1966
3 October 1972

23 October 1973
6 December 1974

22 July 1977

22 July 1977
15 July 1981
14 October 1981
14 October 1981
8 July 1982

31 December 1974
22 September 1982
18 September 1987

25 September 1980

5 nay 1900

7 October 1983

20 July 1977

17 November 1977
2 Rarch 1977

19 November 1974
18 June 1975
11 May 1981
11 Hay 1961
14 December 1972
12 June 1981

168
202
224
250

251
294
296
297
303
256
304
350

298

281

311

252

260
246
218
221
292
291 t/
175
293

E/ Amended in 1985 to cover specified nuclear facilities. The amendment entered into force on
8 Uovember  1985 ~IHFCIRC/291/Rod.1ICorr.ll.



Prrty(Ld’ Subject Entry into for00 INYCIRC

yrrnon Nuolrrr natrrlrl  in fro\llt\mm
rubmlttod  to rrb~uardo

Union of lovimt  loolrllrt Nuolorr nrtorlrl  In frolllttra
Ropubilor mmlrotod  from lilt  of faolllt\or

provided  by thm U,S.P,R.
Unltod K\nRdon Nuolrrr mrtmrlrl  in Caollltlmn

drrlSnrtod  by thr ASrnoy
Unltrd Itatrr  ol Morlor Nuolorr  mrtorinl  in froilitia

dollSnrtod  by the ASmnoy

11 Eoptvmbor  1901 290

10 Juno 1915

14 AuBuBt  1976

9 Daooabmr  1910

327

263

208

Ar6mntl r/Un\trd  ltrtos of Amurrloo 25 July 1969 130
Austria a//Unltrd  Strton of Amnrrlor
IrwL1/Qonany,  Cmdorml  Ropublio  ofi/

24 January 1970 152
16 Pobruary  1976 237

Srrril/Unltmd  Btrtmm of Amoriar 31 Ootobor  1966 110
Colonb\r/Unltrd  Btrtem of Amorlo~
Indir/C@nad&

9 Dooambmr  1970 144
30 Kmptmbmr  1971 211

Indlr/Unttrd  Btrtrr of &Llrr\or
Iran, Irluio  Ropublio  ofp//Unitod  Itatmr of hwr\or

27 January  1971 I54
10 Au6unt 1969 127

Irrnal/Unitmd  Itrton of Amorior
J8prnP//Canrd&

4 April 1975 249

Jap&//Prrnor
20 Junn 1966 I5
11 171

J&pan/Unltrd  ltrtrm of Aaorlor
Ioptambor  1971

Japrnd//Unltrd  Kin&don
10 July 1966 119
15 Ootobmr 1968 125

Karma, Rrpubllo of/Unitrd  state@  of Amrricr
Worm, Ropubllo  ofd//yranoo

5 January 196S 111
?? Soptrmbor  1975 233

P@kLmtan/Canrda 17 Octobnr  1969 135
PrkirtrnlPrrnoo
Philippinrr~//Unltod  ltatrr of Aaorlor

10 Hrrch  1976 239

PortuSrld//Unltod  ltrtom of .AmrrlorRf
19 July 1961 120
19 July 1969 131

South Afrlorltlnitrd Btrtrr of Aaerlor ?6 July 1967 OS
South Afrlorlhanoo
Sprin/Ormrny, Cadoral  Rapubliu  oY$/

5 Jmnuwy 1977 244
29

Sprln/Unltod  Itrtw  of horIca
Soplombar  19S1 305

:prin/Ornrdrd/
9 Dooambor  1966 92

Swadond//Unltrd  Btrtrm of horlor
10 Pobrurry  1977 247

Swltrirland~//Unltrd  Itrtom of &nwlorLf
1 March  1971 165

Turkayd//Unltrd  ltrtrr of Amorlod
II Fobrurry  1971 161

Vonorurlr~//Unltad  Itatom  of Amrrioal/
5 Juno 1969 123

27 Nrrch 1960 122

!o) The ASlncy  rlro rppllo~  rlCoSurrdr  under two rarvomrnta  (INPCIRC/133  and INCCIRC/15S)  to the
nuolrrr froilltiov  In TatwIn, China. Purnurnt to the dvcivlon  rdoptod  by thr Board of
Oovornorr  on 9 Docmbor 1971 Chrt the aovornmrnt  of thr Pooplo'l  Snpubllc  of Chtnr \I the
Sovornmont  which bar tha rlSht to rrpraaont  China in tha ASmncy,  thr rrlrtlonm  botworn  thm

on!y

ASonoy and thr ruthorltlrr  in Taiwan  are non-Sovarnmontrl.
thr ASmnoy  on that brslr.

Thm rKrsmmrntr  arm Implrnrntad  by

I’

k’

9’

9’

a’

An mtry in thlr column dorr not imply thm l rprrnrion of any opinion  whatromver  on the part of
the Koormtarirt  oonoornlns  thr 109nl rtrtur of rny country or torrltory  or of ita ruthorltlrr
or ooncorninS  thv drllmltatlon  of Its frontlvrr.

A6rnoy rrfquardr rrr botng rppllrd to the itvmn ropulrrd  to bo rrCoSu#rdmd  under thir (:hamr)
projmot rKrrmont(r)  purvurnt  to rn rSrrrmont  Ln connvctlon  with NPT covorlnS  tha Btate
indicrtod.

The rmqu\rrmonL  for tha rpplicrtlon  of #rtrSurrdB  under thin rSrr#mvnt  II l atlrflmd by the
rppllcrtton  of rrfoguardl  purnurnt  to tha qruomrnt of 12 Juno 1901 (INCCIlW293).

Appllortlon  of ASoncy  rrfqurrdr under thlr ISrvomrnt  hrr bran ruapondmd  in thr Btrto
Lndicrtrd  II thr Stab hrr ooncludod rn rSrvrmmnt  In connmctlon  with NPT.

Appllcrtlon  of ASenoy  rrfqurrdr undmr this rSrormrnt  h&r barn ruupondrd  in thm Unltvd  statem
of hricr In order to comply with a provirlon  of INPCIRC/OSS.



Caollltlor undw A&mnoy  rafrguardm  or oontrlnln6  uufoaurrdmd
mataria on 31 Doounbor  1917

A. Powor  ro~otoru

Abbrmvlrtod  name
o f  inrtrllmtlon Loortlon

Subrldlmry
l rrm~unontm

in for00

Plnlmnd

Canrdr

Craohomlov8ki8

Arlont lnm Atuohm  NPB
Embalm. PR

Lima
Rmbrlmo

Au&rim Zwontondorf

Brl~lur BK3 HO1
DOIL-1 Doml
DDBL-2 Doml
DDIL-3 Do.1
DDRL-4 Doml
Tlhmaa-l Tihmnao
Tlhmnlm-2 TlhmnKm
Tlhmngr-3 Tlhmlo

Angrr-1

Korloduy-I, Unit 1
Korloduy-I , Unit 2
Korloduy-II, Unit 1
Korloduy-II, Unlt 2
Korloduy-III, Unit 1

Korloduy
Kotloduy
Korloduy
Korloduy
Korloduy

BNOO  A ,  hit 1
BNOO  A, Unit 2
BNOO  A, Unlt 3
BNOO  A, Unlt 4
BNOO B, U n l t  5
BNOO B, thit 6
BNOO B, Unit 7
BNOa  B, U n l t  e
Dmrllngton  A, Unit 2
Dou8lmr  Point
Oontllly-2
KPD 0.2,
PlukmrlnK-1
Plokorlng-2
Plokorln~-3
Plckmrln8-4
PlckwlnK-5
PlokmrlnK-6
Pickwing-
PlckmrlnB4
Point Lmprwu 0.8.

Tivmrton
Tivrrton
Tivmrton
Tlvrrton
Tlvmrton
Tivarton
Tlvmrton
Tivmrton
Bownmnvllla
Tivrrton
Omntllly
Rolphton
Plckarln6
plckmrln6
pickrrln&
Plckrr. -6
plckmrln6
Plckmrlna
Plckmrlng
Plckmring
Point Lmprmau

Al
Dukovmny-2, Unit 1
Dukovrny-2, Unit 2
UDU-1, Unit 1
IDU-1, Unlt 2
V-l, Unit 1
V-l, Unit 2
V-2, Unlt 1
V-2, Unit 2

Bohun i cm
Dukovany
Dukovmny
Dukovmny
Dukovmny
Bohunicm
Bohunicm
Bohunlcm
Bohunicm

Lovilla-1
Loviimr-2
TVO-1
TVO-2

Lovlirm
LOVilSrn
Olklluoto
Olklluoto

00-n Dmocratlo
Kopubl  io

Bruno Lmurohnmr-I, Unit 1
Bruno Lmurchnor-I, Unit 2
Bruno Lwmohnmr-II,  Unlt 1
Bruno Lmurchnor-II,  Unit 2
Rhoinrbmrg  PUK

Orolfrwrld
Ormifrrmld
Oroilrwmld
Ormifw~ld
Rhminsbmq

x

x

X

x

x
w

x

x

n

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

- 86 -



atrd Abbruvirted  name
o f  inrtrllation Loortion

Kubmidirry
rrrrn~wnont~

i n  for00

Omrmny  , Iodarrl
Ropubl  ic of

AVR
OKU Orahndo
KKU  aiblir-A
KKY eiblir-8
KKY Brokdorf
KKU BrunrbUttel
KKY IOnBland
KKU Orrfonrhoinfold
KKU  Iurr
KKU  Irrr-2
KKU Krihmol
KKU  lliilhoim-KXrlich
KKU  Nookrrwmrthrim
KKY ObriShsim
KKU PhilippmburK-1
KKU  PhilipprburS-2
KKU RUE-Bmyornwrrk
KKU RUS-Sayornwork  II, Block B
KKU RUB-Bayrrnwrrk II, Block C
KKU Itlid.
KKU Untorrrmor
KKY tir&amron
KPK-WZCR
KKU SNR-300
KNK
Thorium Hochtrmparrtur Rmrktor
VAK-KAHL

Hungary

India

Italy

Jrprn

PAKS-I, Unit 1
PAKS-I, Unit 2
PAKS-II, Unit 1
PAKS-II, Unit 2

itAp8  U n i t  1 Rajanthrn
RAPS U n i t  2 Rajrrthrn
TAPS Unit 1 Tarrpur
TAPS Unit 2 Tarrpur

LIILL
C.W. d r l  Orr
C . N .  C~orso
C.W. E n r i c o

iSli4no

?mrml

SorSo-Srbrtino
Sommr Auruncr
lhorro
Trino-Vwcmlloro

Puson
Fukumhlmr  Dal-Ichi-1
Fukumhimr  D&i-Ichi-.2
Fukurhimm  Dai-Ichi-3
?ukushimr  Dai-Ichi-4
Fukurhima  Dmi -Ichi-5
?ukumhlmr  Da\-Ichi-6
Pukurhima  Dmi-Ni-1
?ukumh\mm Dmi-Niq-2
Cukurhimm  Dai-Ni-3
Pukumhimr  Dal-Ni-4
Omnkri  -1
Cankri  -2
hmrok~- 1
Hmrokr-2
Hmmokr- 3
Ikrtr-1
Ikatr-2
JPDR
Krrhiwmcaki-1
Hlhmr- I
Hihamr-2
Ill hamr .3
N . S .  Hutvu
Oh\-1
Oh\-2
Onrgwr-  1
Srndri-1
Bandri-2

TruruSr-Fukui
Okumr-Fukuahimr
Okumr-Fukurhimr
Okumr-Fukumhimr
Okumr- yukumhimr
Okumr-tukurhlmr
Okumr-Wkurhimr
Narahr-Fukurhinr
Narrhr-Fukurhino
Narrhr-Fukuahinr
Natrhr-.Fukumhiar
Kyumhu
Kyushu
Hanroka-cho
Harokr-cho
Shlruoka--ken
Ni#hluwr-Sun
Nirhiuwr-&un
Tokai-Nurr
Ni iartr
Hihamr-?ukui
Hihrmr-Cukui
Hihamr-Fukui
ninato-Hrchi llutnu
Ohi-oho, Cukai-ken
Ohi-oho, Pukai-krn
Tmukahur
Sand. i
Smdri

Julioh
Crohndo
Siblir
Biblir
Srokdorf
BrunrbUttrl
Li nKrn
CrrfanrhoInfrld
ohu
Smrrnbroh
Ooorthroht-KrUaunol
Hiilhrim-KYrlioh
Nmokarwamthmim
ObriShrim
PhilippmburS
philipprburl
OundrrnrnlnSmn
OundramninSon
OundrwmnlnSon
Strde
Strdland
Wtir~~~rmn
tiSSrnrtmln-Loopoldrhmfmn
Kalkrr
KSSrnrtmin-Loopoldrhafon
HInm
Kahl

Pak8
Paka
Pokm
Pmkr

c

”
a

a

X

a

a

a

a

a

a

a

a

a
X

a

a
X

a

a

8

a

X

a

a

a
a

I

a

a

I

1

1

I

I

I

X

1

a

a

a
1
a
1

1

a

a

a

X

a

I

a
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Abbreviated name
of illat.wllstioll

Location
Subsidiary

arrangements
in force

Korea,
Republic of

lfexico

Ketherlands

Pakistan

Philippines

South Africa

Spain

Japan tcont'd) Shimane-1
Shimane-2
Takahama-1
Takabama-2
Takahama-3
Takahama-4
Toksi-1
Tokai-2
Tsunlga-1
Tsuru8x+2

Kashima-cho
Kashima-cha
Takahama
Takahama
Takahama
Takahama
Tokai-Aura
Tokai-Hut-a
Tsuru~a
Tmwvga

Kori-1
Kori-2
Kori-5
Korea Nuclear Unit 6
Korea Nuclear Unit 7
Korea Nuclear Unit 8
Korea Kuclear Unit 9
Wolsune-1

Pusan
Pusan
Pusan
Yangsam
Pusan
Pusan
Uljin
Ulsan

Laguna Verde 1

Borssele
Dodewaard  KPP

Alto Lucer0

Borssele
Dodewaard

KAUUPP Karachi

PUPP-1 Uorong. Batean

Koeberb-1
?keb.Sr6-C?

Cape Tom
Cape Ton,

Almaraz-1
Aimarsz-2
Asco-1
A&o-2
Cofrentes
Jose Cabrera
Lemoniz-1
Lemoniz-2
Santa Maria de Gerona
Trillo-1
Vandellos
Vandellos 2

Almaraz
Almarar
Asco
Asco
Cofrentes
Almonazid  de Zorite
Lvmoniz
Lemonir
Santa Harie de Carona
Trillo
Vandellos
Vandellos

Barseback I HalmE
Barsebb;ck 11 Ualmii
Porsmrk  I Uppsala
Porsmark II Uppsala
Forsmark 111 Uppsala
Oskarshamn I Oskarshamn
Oskarshamn II Oskarshamn
Oskarshavm  III Orkarshamn
Rinehals  I Ciiteborg
Ringbals II Ciiteboq
SinBhals 111 Giiteborg
Rinshhals  IV Giiteborg

Switzerland Km-1
KKB-II
KKG
KXL
KKH

semau
Beznau
Giisgen-Diiniken
Leibstadt
Hiihlobars

union of soviet
Socialist Republics

Kovo Voronezh Unit 5 liovo  Voronezh

united strtes Salem UCS Unit 1
Turkey Point 4

Salem County, Yew Jeraey
Dada County, Florida

Krako Krsko

w
K
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
*
x
x

x
x
x
x
x

x

X
K

x

- 88 -



8. Research reactors and critical assemblies

Abbreviated name
of insta11at1on Location

Subsidisry
rrrsn6ements

in force

chilo La Reina
LO A&uirrs

Colombia

crachoslovskia

- 89 -

hlat.ralia HIPAR
WOATA
CF

Austria ASTRA
SIR
Tri&a  II

Ban6ladesh

Bel6ium

Brazil

6U16arie

Canada

Ar6eotia4 R&l
RA-2
RA-3
R&4
RA-6

Atomic Energy Research Bet.

BRl-CBN
BR2-CBN
BP02
CBN-Venus
Thetis

IBAR-
RIBN-1
TriRa-CDTN

IRT-2000

lcllsster
NRK
NRU
PTR
Slowpoke-AECL
Slowpoke-Dalhousie Univ.
Slowpoke-Rcole  Polytechnique
Slowpoke-Saskatchewan
Slowpoke-Toronto University
Slowpoke-Univ. of Alberta
Slowpoke-Kin6ston
US-1
ZBD-2

IAN-R1

18-O
SR-OD
Univ. Trainin&  Reactor VR-1P
VVR-S

Dnoeratic  People's
Republic of Korea

DoMark

Critical asseably
IRT-DPRK

DR-1
DR-3

66YPt

Finland

Geman Desioeratic
Republic

Nuclear Research Centre

Tri6a II

BAKE
RRR
Tr8inin6 Reactor AKR
Trainin& research reactor
wit-9 n

Constituyentes
Constituyentes
Bxeiza
Roserio
Eariloche

LuCaS Hei6htS x
Lucss  Hei6hts X
Lucas Heights I

Seibersdorf
Craz
Vienna

x
x
x

Canakbari Sava- Dhaka

HO1
no1
no1
no1
Gent

Sao Paul0
Rio de Janeiro
Belo Horizonte

Sofia I

Hamilton
Chalk River
Chalk River
Chalk River
ottsua
HlllfPI
Hontreal
Saskatoon
Toronto
Rdmonton
Kin6ston
Pinrwa
Chalk River

I
x
x
x
I
I
I
I
x
x

I(
1:

Santio60
Santia60

z
*

Bogoti

RBZ
VOChOV
Prague
R&32

Nyonphyon
Nyonphyon

Roskilde
Roskilde

Inshas

Otaniemi

Rossondorf
Rorrendorf
Dresden
zittw
Roasendorf

_, ..’ . .,

L

x
f

I

I
x

x
I

I

,; .,, u.. .



St.& Abbreviated name
of installation Location

Subsidiary
erran~ements

in force

Gemany, Federal
Republic of

FHRE
FRP-2
FRH
GKSS-PRCI
GKSS-FRO2
KFA-FRJl
KFA-FRJ2
KFA-NE%
SUR 100
SUR 100
SUR 100
SUR 100
SUR 100
SUR 100
SUR 100
SUR 100
SUR 100
SUP 100
SUR 100
Tri&a
Triga
Tri&a II

BBR-2
SUR 100

Greece

Hungary

Indonesia

Iran. Islamic
Republic of

Ir8q

Israel

Italy

Jamaica

Japan

GRR-1

Training reactor
WFl-s n
ZR-6

C.m.
RPR-30
PPTN

TSPRR

IRT-5000
Tamuz-2

IRR-1

MN-201
CBSNEF-L54
BSSOR
Impiante Pet de1 CNR
RB-3
RTS-1
TAPIR0
Trisa-RCl
Triga-

Centre for Nuclear Sciences

DCA
FCA
HTR
JHTR

$%-YA
JRR-2
JRR-3
JRR-4
Kinki University R.R.
KUCA
KUCA
KUCA
KUR
Mussshi College R.R.
NAIG-CA
NSRR
Rikkyo University R.R.
TCA
TODAI
TTR
VHTRC

Braunschweig
Frankfurt
Carching
Ceesthacht
Geesthacht
Jiilich
Jiilich
Jiilich
Brenen
Eggenstein-Leopoldshafen
Hannover
Kiel
Hamburg
Ulm
Stuttgart
Carching
Furtwangen
Darmstadt
Aachen
Nainz
Rannover
Heidelberg

Berlin Westib'
Berlin (Uestlb'

Attiki

Budapest
Budapest
Budapest

Togyakarta
Serpons
Sandung

Teheran

Bashdad Tuwsitha
EaEhdad Tuwaitha

Soreq

Palermo
Uilan
Ispra
Brasimone, Bologna
Rontecuccolino
San piero a Crado
Santa Maria di Calorie
Santa Maria di Galerie
Pavia

Kingston

Oarai-Hachi
Tokai-Xura
Kawasaki-shi
Oarai-llachi
Oarai-Hachi
Oarai-Rachi
Tokai-Huta
Tokai -Mura
Tokei-Hum
Kowake
Kumatori-cho
Kumatori-cho
Kumatori-cho
Kumatori-cho
Kawasaki
Kawasaki-ku
Tokai-Aura
Ussssaka
Tokai-Rura
Toksi-Hura
Kawasaki-shi
Tokei-Hum

I

I

X

X

I

X

X

X

x

X

x

X

I

x

X

f

x

X

I:

L

x

x

X

X

z

I

I

I

I

I

x

x

L

z

L

*

X

I

I

x

x

X

I

I

X

I

X
X
X
x
*
I

I.

X

x

I

X
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St.& AbbKeviated  name
of installation

Location
Subsidiary
arrangements
In force

Norway

Pakiatan

Peru

Philippinea

Poland

Portugal

Roaania

South Africa

Spain

SWSdell R2
R2-0
RO

Switrsrland

Korea, Republic of Trigs II
Triga III
Kyung-Hee Univ.

Libyan Arab
Jamabiriya

Halayaia

Wexico

TUT-Tajura

Puapati

Trigs
SUR 100

Netherlands HOR
HPR
LPR

IIBUR-tialden
JREP-II

PARR

UP-O

PRR-1

Agate
Anna
Kua
Raria
Haryla

RPI

RP-01
Triga II
WR-s

SAFARI-1

ARBI
ARCOS
CORAL-1
JEW-1 and JEW-2

ACN  2OlP
ACN 211P
Crocus
Proteus
Saphir

Thailand

Turkey

TUB-1

TR-1
ITU-TRR

vnioa of soviet
Socialist Ropublica

IR-8 Research Reactor

Uruguay

Yenezuala

Vi&. Nu

Yugoslavia

zairr

Lockheed

RV-I

Da-Lat Research Reactor

RA
RB
Trigs II

Trigs-Zaire

Seoul
Seoul
Seoul

Tajura

Bangi. Selangor

Ocoyoacso
Hexico City

Delft
Petten
Petten

Haldan
Kjeller

Raualpindi

Lima

Diliman, Quezon City

Swierk
Swierk
Swierk
Swierk
Swierk

Sacevem

Hargurele
Pitasti-Colibasi
Hargurele

Palindabe

Bilbao
Barcelona
lladrid
Hadrid

Studsvik
Studsvik
Studsvik

Geneva
Easel
Lausanne
Uiiranlingen
Uiirenlingen

Bangkok

Istanbul
Istanbul

NOSCOW

Rontavideo

Altos de Pipe

Da Lot

Vinca
Vines
Ljubljana

Kinshrsa

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

X

x

X

X

X
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C. Conversion plants, including  pilot plants

Abbreviated naam
of installation Location

Subsidiary
arrangements

in force

Argentina

Canada

Japan

UO2 Convi3rsion  Plant Cordoba
Uranium Powders Fabrication Plant Constituyentes -

Eldorado Resources Ltd. Port nope x

Japan Nuclear Puel Conversion Co. Ltd. Tokai-Hura X
NinRyo  R + D Nit&y0 I
PCDF Tokai-Hura
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0, luml fabrication  phnta, 1noludinK piAot plrntm

8t.t.” Abbrrvirtvd norm
al inrtallstion

Loomtion
tubmidiwy

wranfi-ntr
in forom

Oanmrrk

awwny, PodrrrA
Rapubl  io of

India

Indonmmim

Iraq

ICwly

J8prn

Arnant  ho Atuohm  hrml  prbriaation  Plant
Cuol Iabrioetion  Plsnt (CAWDIJ)
Pilot Puml  Pabriortion  Ylent (HKU~
brmrroh Rmaotor  Cu.1  Cab, PImnt

IlliNl
IroLmr

Con8tituyontmr
Oonmtituyontmm

Wol Cabriortion  Plant  Rrrmndo

QQB
oar
OWL Pual pabrioation
WL

Rammndo

Prtrrborouah
Toronto
Qhrlk  Rivw
Port Hop.

NrtaIlurKp

ALKUI
hion
YUKKM
MU-1
mu-l

ROMkk  Id.

MI0

Iaporinmtml Curl Ihmant Inrtallrtion  (ILRL)
Rrrmrch  Reactor  Purl Ihwnt Production

Inrtrllrtion  (YpEDIN)

HydorrbBd

lrrpon~

IRLPP

Comb, ho.
QORBY
pmbnuo
Iwl

Brfihdrd  Twritha

JYT
1011
WI (Kum@tori-  1)
NC1  (Kumetori- 1)
UPI  (Tokri) hrrl hbriurt\on
PPPP
PPIP

Yokoruh
Tokmi-Murr
Kumtori,  O~akr
Kuwtori,  O#rka
Tokai-Hurl
Tohi.  I)ura
Tohi-  Hurr

Koran,
Kopubl  io of

?uurl pabrioation  Pilot Plrnt Dam  j mon

Romani@

Bprin

Imdon

Unitmd  Water

ROlKfW~

plant*  Mmta11,  J u a n  Vilon  ROD,  0,
Purl hbriortion  Plant  Jurbsdo

AIM - ATON

Yumtln~houro  Bhctric  Corp. Oolumbia, 1.0.
--_I.-. .-



8, ChWorl  roprooorr!nR  p l r n t r ,  inoludlrq  p i l o t  p l r n t m

Abbrovlrtrd nrm
of tnrtrllrtlon toorrtlon

lubrldirry
rrrrngrmantm

in for00

Oarmrny, Yrdrrrl
Ropublio of

!dAK
- -

RRRr#rtoin-Lropoldrh~fon a

Ind I a PRLPRL Tarrpur a

Italy BUREX
ITAIC-Trlrrir

88lU&li 8
Rotondmllr

I
8

Japan

Rpoln

Tokri Rlprocorrina  Plant

Jurn  ViEon  Romrrroh  Contrr

Tokri-nusr

Hrdr id

x

II

1. Rnriohmrnt plant@,  tnoludina pilot plrntr

Btrd’ Abbrrvlrtod  nrmo
o f  Lnrtrllrtlon

Location
bubnidirry

rrrrn~omrntl
in foroa

Brazil

Owmrn
I

Cmdornl
Rmpub io of

Sop, Nor. Lnrlohmont  Plant

Urrni t*
URRNCO Doutrchlrnd,  UT&l

Rmmndr

Julich
Oronru

. .

I

Jrpw PNC P i l o t  Knrichmont  P l a n t NinRyo I

Notharlandr

United  KLnKdom

URRNCO Nodr  rl and
Ultra-Cmntrifubm*

BNFL  CwtrifuKr  plant  and
rrrocirtrd  rtorrlm

Almrlo
Almalo

Capanhurrt

X
-

X

* Location rrmocirtmd  with wwlchmont trchnololy,
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a. aaprr4ta 8torrar  f8oilitirs 1?

lltrd’ Abbrovirtmd name
of \nxCallntion

Loartion
aubridirry

rrrrn&cnentr
in force

:

BolRium

Canrdr

Crrohorlovrkia

Dwmrrk

Finland

AFRS

Ri16 Storm

Long term rtorrgr f o r  TV0

Crrncr COMMA  U P ?  rpant f u r l  mtor@um  pondr

Oormrn  D r m o c r r t i c Intorim rtorrfp f a c i l i t y  f o r  rpont
Rapublic fwl rrremblirr

Qrrmrny, Pmdrrrl
Ropubl  i c of

Brrunkohla
Bundamlr&er
Exxon Nuclorr  UF6  LaRarrnlrRr
KFA Jlilich  LxRor  f. bmrtr,  AVR KuKaln
KFK-FR-2
LaRrr I I  Loram
Trrnrnuklrxr  Ha110
UrrnrnlrRo

Irrq

Italy

Jxprn

Luxambour&

Pakirtrn

Portuurl

Swodan

Ewitrrrlrnd

Unl  t rd  K ingdom

Storrgr of 20% rnrichmd  uranium

BN UFg rtorm
BalRoprocwm
FBW

Bruoo A
Bruce B
CRNL
Crntilly-1
Long  term rtorr(lr  at CRNL
PickorinR
UNRE

Bmprrrta rtorqa  facility

Avoardro
Doporito  Prodottl  Urrnifari
Imprr Contra1 StorrRu
Lab.  d i  Hiaura  Nuclmrre  Porlr

KUPFS

Intarnrtionrl  Hrtrlr S.A.

StorrRr at Oovernmont  drpot

Inrtrlrcro  d e  ArmrrrnrRonr

Cantrrl  l o n g  term rtorrgo

Diori t Storrlm

Sellafield Pu-rtora6o
Oxide  F u e l  Storrlo P o n d

cm

Doxr.1 x
no1 I(
Damma

Tivorton
Tivrrton
Chalk Rivar
Oontilly
Chalk River
Pickmr!nK
Pinrwr

Sohunice

Roxkilda X

Olkilouto

La H16ur

Cubmi  n

WorxolinR x
Wolf urna
LinRmn X

Julich I
BsBonrt@in-Looyoldrhxfen  -
LandrrbrrRrn-Lwro
Hxnru
Birkonfold

Baghdad  TuwrithB

SrluRRi 8
Bore0  Haron
I8prr
18prr

Kyoto

LuxambourB-Dorrmmldrn~e

Karachi  Hrlir

Srcrvom

Oxkrrxhunn

YUrrnlin~rn

Soll~firld
Sellrf iold

-

-.

x

X

X

X

X

x

X

X

X



Itrd’ Abbrrvirtad  nrnr
o f  inrtrll&ion Loaltion

Ruhmidirry
arrrnRommntm

i n  for00

ArRrntinr

Aumtralir

Bd&iUl

Cmrdr

Cmohotlovakia

Dmarrk

Qonrn  Duoorrtio
Rapublio

Oormany,  Frdrrrl
Rapublio o f

Nutwry

1tr1y

Japan

Koror ,
Rrpubl to of

Nrtherlrnds

Norwry

Pol rnd

Routb Africa

Rwrdrn

Rwitrmrlrnd

Laba. d a  C~lifioroion

Rrmrrroh  Laborrtory

BCNN
CRN-Labo
GIN-WAITE
IeR,B.
PULAB

Phyriom,  Chmimtry,  Fun1 Lng.,
Haalth Phym.,  R+D

Nuolrrr  Fuel  Inat,  (UJP)
Rrrrrrch  Laborrtoriaa

Hot0011 Plant

Urrn Taohnikum

KFA-Lab
KyA-bairmr  Zollrn
KIK-IK/I
KIK-boirra  ZIllrn
K?KlIHCH
KFK IMP3
KW-hoimro  Zrllon
Trrnrurrn

fnrtituta of Imotopar

CNIN-LAB. PU,
CNIN-LAB  a TIC.
Joint Rrmrroh Contra

JABRI-Owri  R4D
JARRI-Tokri  R&D
I(HI-FL
Mitwbi#hi  Atomio  Powrr Indurtrlrr
NBRL,  Univrrrity  of Tokyo
NPD
NIX Tokri II
1111 Nwtron  Rrdlrtion  Caoility
PNC FHF
PNC IRA?
PNC-Owri  R&D
PNC Tokai R&D

PIN

RCN+JRC
Komr Lab.

Rarrrroh  lrborrtorior

Inrtitutr  o f  Nuolorr  Ramrroh
ni~orllrnaoum loortlonr oombinrd

i n  oncl nrtrrirl  balrnoe arma

Hot cm11  Complrx

Contrrl rtorrso frorh fual

Frd, Inrt.  o f  Rawtor  Rorrrrch

Conmtltuyrntar

Luorm Heights

Or.1
no1
no1
Flsurum
no1

Chrlk River

Zbrrrlrv
I*8

Romkildo

Romrondorf

JUlioh
JUlioh

.

X

8
X
P

X
X

X

8
X

X

v

Iggrnrtoin-Loopoldrhafan  -
E~~onrtrin-Lropoldrhafan  x
E~~awtain-Laopoldmhafon  x
r~~rnrtain-Loopoldmhrirn  x
Kwlrtmin
K~~enatain-Laopold#hrCln  i

Budrpert

Rrntr nrria di Orlmrir
Rrntr Nrrir di Oalorir
Impra

Owri-Mrohi
Tokri-Hurr
Tokri-Hurl
Tokri-Hurr
Tokri-Hurr
Olrri-Hrchi
Tokai-tlurr
Irkurr-nur8
oaral-nrchi
Oarat-Machi
oarri-nrohi
Tokri -nurr

Gtojron

Pmt ton
Arnhem

Kjrllrr

Bwimrk
Var ioua

Pelindrbr

Rtudrvik

WUranl\n~rn

X

X
X

X
8
-

.*

X

X

X

X

X

X
X

X

x
X

X

X
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J. N o n - N u c l e a r  Tnrtrllrtionr

Bt.t# Abbrwi &tad nuns
o f  i n r t r l l r t i o n Loortion

Rubxidirry
rrrrn6rmrnt.r

i n  forom

Arlrnt i nr Horvy  wrtor plant Arroyito
Hrrvy wrhr xtorrga Bwnor  Airrr

&/ An mntry in thim oolumn dorm not imply the l xproxrion of any opinion whrtroovrr on tha
part  of  the 8oormtrrirt  oonoarninm  thm lmrrl  xtrtux  of any country or trrritory  or of itr
ruthoritior,  o r  ooncorninR t h r  driimitrti&  o f  itm frontikr

k/ Thm intorrrtm o f  Berlin (Wrxt) we rapraxontrd  w i t h i n  thm  U n
Codrrrl  Ropubl  io o f  Ownany.

ited Nxtionr ryrtmm by thr

Nota! The ARanoy  rlro VII applyin& rrfmuurrdr in Taiwan, China rt mix powrr  roaotora,  mix
rrrmroh raactorr/oritiarl  rrrmbliox,  onr uranium pilot oonvorrion plant, two fuel
frbr ior t ion  plrntr  rnd  one rorrrrch and drvelopmont  fac i l i ty ,
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INFORMATION AND TECHNICAL SERVICES

International Nuclear Information System (INIS) 1231

472. In 1987, the input to the INIS data base totalled 101 118 documents,
the highest annual input so far. Non-conventional literature accounted for
24.7% of this input. The size of the data base had reached 1 159 156 records
by the end of the year. The fraction of the input supplied by INIS members in
machine-readable form increased from 99.2% to 99.4%.

473. The INIS data base was distributed in magnetic tape form to 42 Member
States.

474. The INIS Clearinghouse distributed around 500 000 microfiches. The
number of full microfiche subscriptions remained at 37. By th2 end of the
year. the collection of microfiche masters numbered over 200 000 documents
(280 000 microfiches).

475. A new, high-speed microfiche camera led to greater quality, efficiency
and reliability in the production of non-conventional literature on
microfiche. A computer-output-on-microfiche (COM) system was installed for
use in producing semi-annual, annual and 15-year (1972-86) cumulative indexes
and back issues of "INIS ATOMINDEX" and INIS Reference Series publications on
microfiche.

476. A read-only memory in compact disk form (CD-ROM) containing about
400 MB (megabytes) of data from the INIS data base was prepared for evaluation
by INIS Liaison Officers with a view to its introduction as a new type of INIS
output product which will allow all INIS members (and especially developing
countries) to have access to the INIS data base, eliminating dependence on
direct access to mainframe computers.

477. Revised versions of "INIS: Authority List for Corporate Entries and
Report Number Prefixes**, "INIS: Authority List for Journal Titles" and "INIS:
Thesaurus'* were issued in the INIS Reference Series.

478. A lo-year "Cumulative Report, Standard and Patent Number Index",
covering "INIS ATOMINDEX" Volumes 8-17 (corresponding to the period 1977-861,
was published.

479. The 15th annual consultative meeting of INIS Liaison Officers was held
in Hay. The 6th session of the Advisory Committee for INIS took place in
December.

I233 After more than 17 years of operation, INIS has grown into a uniquely
comprehensive bibliographic data base in the nuclear field. It now
covers 75 Member States and 14 international organizations, as shown in
Fig. 6. The growth of the data base is illustrated in Fig. 7, and the
1987 input is shown by literature type in Fig. 8. The number of hours
of direct access by external users to INIS during the period 1981-87 is
shown in Fig. 9.
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71 73 75 77 79 81 03 05 07

Year

Fk. 6. Partioipation of Member States and
international organizationr  in INIS

PATENTS
2.4%

Fig. 8. INIS  input broken down by
litera turo type (1987)

Annual input:
130000 r
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00000
70000
60000
50000

40000

30000
20000
10000

n i
”

71 73 75 77 79 81 83 a!5 87

Year

Fig. 7. Growth of the INIS data baaa

C o n n e c t  H o u r s

1 6 0 0

1981 1982 1 9 8 3 1 9 6 4 1986 1 9 8 6 1 9 8 7

Y e a r

Fig. 9. Direct access by external
users to INIS
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480, A workshop for experienced u~era of INIS, attended by 24 participants
from 19 Member  Stateta and two international  organizat iono,  and an INIS
training seminar for beginners, attended by 26 participants from 18 Rember
State8 and one international organieation,  were held in Vienna,

481, A promotional brochure entitled “Preoenting  INIS”, replacing an earlier
brochure entitled “INIS Today”, was published.

&&cultural  Wormation System (AQRIS)

482, By the end of 1987, the data base totalled 1.4 millio;l  references, and
128 countries and 14 international organizations  were participants in AGRIS,

4830 Some 120 000 documents were received, 15% with abstracts. All
documentr were indexed with AQROVOC deecriptoro in English, French or Spanish
(see paragraph 446 of GC(XXXI)/800),[241

484 I Owing to the increased use of microcomputers, AGRIS received fewer
r e c o r d s  o n  Llput sheete, the input from more countries being provided on
diskettes - a development which the Secretariat welcomes,

485 6 Retrieval services continued to be provided, with about
600 retrospective searches and 600 SD1 (Selected Dieeemination of Information)
seerchee.

Comvuter service0

486. At the c.entral computer trite, utilization of the IBH 3083 computer
(dedicated to safeguards data processing) and of the IBH 3081 (shared by other
ueere) during prime operating hours increased by 5% and 30% reepectively.
In April, the ‘IBM 3081 computer memory was  upgraded from 24 HB to 32 MB in
order to handle the increasing demand for on-line processing.

407, To eliminate delays in central printing, a second laser printer was
acquired and Lhs around-the-clock service started in November 1985 was
continued,

488. By the end of the year, approximately 050 work stations (word
pcoceseors,  personal computers, local printers and terminals connected to the
central computer) were available in u8er areas -’ about 200 more than at the
end of 1986, As the first stage of a multi-year project, six floors of the
Agency’s Headquarters were cabled with horizontal networks offering at least
0r;e outlet per offic _ for connection to any of the standard work stations,

489. The direct telecommunications line between United Nations Headquarters
in New York and the Agency’s central computing facility became operational,
and direct access to the UN International Computing Centre in Geneva via New
York was instituted.

490. As a result of an office automation pilot project carried out in the
Division of Technical Assistance and Co-oporation, wera in the Division
etarted to tranemit  telexDa via the Agency’s central computing facility.

[241 Since January 1987, “Agrindex” is being published in tilree languages
(English, French and Spanish),
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491 I In the application area, development of the Technical Co-operation
Xanagement System war comple ted;  a d a t a  b a r e  was ertablirhed f o r
radioactivity measurements made by Member Stater following the Chernobyl
accident (in co-operation with UNSCRAR and the Divirion of Nuclear Safety);
and the firat phase in the eatablinhmrnt  of a data bare for Board of Qovernors
rummary records (covering the period from 1980 onwards) WII completed.

4 9 2  e Over 3000 persona attended an exhibition organieed  by the VIC Library
on the occasion of the Agency’s thirtieth annivereary.

4 9 3 , The Library initiated a “book talk” progranm\e under which new books of
particular professional  interert to staff serving at the VIC are prerented  in
lectures by the author8 or other epecialirts,

494. A Current  Awareneee  Bul let in on Animal  Sciencee wzis added to the
Library’8 bulletin reriee at the request of the Joint FAO/IAEA Division (it ir
being dirtributed  monthly to over 100 re,gearchere  in l4ember Staten),

4 9 5  I Equipment was a c q u i r e d  80 aa t o  begin converrion  o f  t h e  Library’8
nuclear energy film collection from 16 mm film to video caeaette format.

4 9 6 , The number of active exchange agreements with other inrtitutionr
increased  to 143, with the reeult  that 1963 journal titles and 300 bookr were
received by the Library free of coat.

4 9 7  I The number of fellows and new staff member6 f o r  whom training mnd
demonrtratione were orgarrized increased eubetantially, Technical assistance
project6 in Latin America and Viet Nom involving microcomputer-bared library
automation were supported,

498, The  number  o f  vo lumes  in  the  book  co l l ec t ion  incraaeed by  2596
t o  7 3  7 3 0 . The number of current titles in the journal collection otood at
4118 at the scd of the year, The collection of United Nations documents
increased by 36 300 to 1 024 338 :snd that of technical reports by 15 900
t o  5 5 1  3 0 4 ,

4 9 9  I The Library lent 9169 books and 234 filma, dealt with 3328 reference
queetions and circulated 26 724 journal issue8 to users. Waiting time6 for
material in demand were reduced through use of the Library’s automated
circulation system, Through its inter-library loan programme, the Library
borrowed books and journal 8th icles to meet 3735 user requesta. It prepared
and distr ibuted over 15 0 copies of current awareness bulletin6  i n
14 subject series  to a monthly average of 1279 roqueetors.

Scientific journals

5 0 0  I Twelve r e g u l a r  ieeuerr o f  ‘Wuclear  F u s i o n ”  w e r e  p u b l i s h e d , each
containing results  of important experiment8 with the large tokamake recently
put into operation.

501 I A subject catalogue was prepared of the approximately 3000 articles
published in “Nuclear Fusion” since ite inception,

5 0 2 . A epccial supplement to “Nuclear Fusion”, “Atomic Date for Fusion,  I:
I ran” , was published in December.
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ndment t o  Ac~le VI,A,l  o f  the Statute

503 I An amendment to Article VI,A,l  of the A8ency’r Statute providing for
the deaignetion by the Board of Governor8 each year of the ten - instead of
**ine - Member States “moat rdvanced in the  technology of  atomic energy
i chding the production of source materials” had been accepted by 50 Member
State8 by the end of the year 125 I. The amendment will come into force when it
bar been accepted by two thirdr  of the Member Staten in accordance with their
rerpective conrtitutional  requirements,

Conventionr  relath to nuclear accident8

504 I Tha Convention on Early Notification of a Nuclear Accident(261, which
entered into force on 27 October 1986, was ri&ned  by 14 States end ratified by
14 State8 duwin8 1987, AltoSether,  there were 72 aiRnat.oriea  and 19 parties
by the end of the year,

505 I The Convention on Assistance in the Case of IA Nuclear Accident or
Radiological  EmerSency[271 entered into force on 26 February 1987 following
the depoeit of inatrumente  of ratification by the Ukrainian Soviet Socia.List
Republic and the Byeloruseian Soviet Socialist Republic, having been signed
earlier by Norway without reeervation  aa to ratification, By the end of the
year, there were 70 signatories and 16 parties,

506. The proceed inge of the development of these two conventions were
prepared for publication as Legal Series No, 14,

507 I A Joint IAEA/NEA Working Group of Governmental Expert8 met to continue
work on the harmonization  of the Convention on Third Party Liability in the
Field of Nuclear Energy (Parie Convention) and the Converrt  ion on Civil
Liability for Nuclear Damage (Vienna Convention) and adopted by consensus the
text of a Joint Protocol relating to the application of the Paris Convention
End the Vienna Convention a The Joint Protocol ie iirtended to extol I mutually
the special liability regime established under each Convention to the partiee
to the other Convention for the wider protection of victims of a nuclear
accident and to prevent conflicts of law arising from the simultaneous
application of the two Coventions(281.

[251 53 Hember States had accepted the amendment by the end of Ray 1986.

1261 Reproduced in document INFCIRC1335.

(271 Reproduced in document INFCIRC1336,

[281 In February 1988, the Agency’8 Board of Governors endorsed the Joint
Protocol and agreed to the convening of a one-day conference to be
organ ized  jo in t ly  by  the  A8enCy  a n d NEA in conjunction with the
thirty-eecond  regular seeeion o f  the Agency’e General Conference for
the purpoee of adopting t h e  J o i n t  P r o t o c o l  a n d  openin i t  f o r
signature. The Joint Protocol and the convenjng of such a one-day
conference were endorsed by NEA*s  Steering Committee for Nuclear Energy
in April 1988 and by the OECD Council in June 1988,
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508 I Member  Staten were requerted by the  Secretariat  to  provide  i t  with
copier of bimterol, reaiunal and multilateral  agreements  on co-operation in
the field of nuclear rafety to which they are partior  ao that a compilation of
the textr may be publirhed in the ASency’s Lear1 Series.

509. A d v i c e  o n  n u c l e a r  legislation, coverin - i n t e r  al?a - n u c l e a r
liability and compensation for nuclear damage, the physical protection of
nuclear material and the safe tranrport of nuclear material - wacl provided to
China.

510. In addition, advico on nuclear 1eEirlation  and regulatory activitieo
was provided to Morocco and Tunisia to supplement the advice provided in 1986
(me porauraph 468 of GC(XXXI)/800),

phvrical Protection Conventi=

511 I The Convention on the Physical Protection of Nuclear Haterial[291
entered into force on 8 February 1987. By the end of tire year, 47 State8 and
EURATOU  had ei8ned the Convention and 22 States were party to it.

512. On 12 June 1987, a new Region8 1 Co-operation Agreement for Research,
Development and Training Related to Nuclear Science and Technology (RCA)
entered into force(301, replac in8 the 1972 RCA as extended in 1977
and 19821311. By the end of the year, 12 States had notified their acceptance
of the new (1987) RCA.

Finance

513. On the baais of an exchange rate of 19.50 Austrian 8Chillings  to one
United Statee  do1 lar , the General Conference appropriated an amount of
$103 899 000 for the RegUhr  Budget. This amount had tc, ‘be adjusted in
accordance with the adjustment formula presented in the attachment to
resolut ion GC(EXE)/RES/458 in  order to  take into account the  exchange rate
actually expr,‘-ienced  during the year - 12.64 Austrian schillinge to one Jnited
States dollar .

514. The V, ,?ular Budget for 1987 at an exchange rate of 12.64 Austrian
schillinSs to one United States dollar amounted to $145 913 000, of which
$136 378 959 was to be financed from contributions by Member States on the
balsie of the 1987 scale of assessment, $4 894 000 from income from work for
others and $4 640 041 from other miecellaneous income.

515. The actual expenditures in 1987 amounted to $133 334 992, resulting in
an unencumber.sd balance of $12 578 008,

I291 Reproduced in document INFCIRC12741Rev.l.

[SOI Reproduced in document fNFCIRC/167/Add~l3  and Uod.1,

[31 1 Reproduced in documents INFCIRCi167,  INFCIRC/167/Add,8  and 167/Add,ll.
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516. The targot for voluntary contributionr  to the Technical Asristance and
Co-operation Fund in 1987 was established at $34 million, At the end of the
year, $29 736 469 had bren pledBed by Hember States in support of the
technical assistance proaram\e. Net new obligations incurrod during 1987
l mountod to $26 167 698.

517 1 A total of $15 880 774 was offered in OxtrabudEetary contributions by
Member States, the United Nations and other international organizations during
1987, Of this amount, S8 640 860 was f o r  technical assistance projects,
$1 467 147 was in support of rafrg,iardr, 81 091 026 was for projects in the
field of food and l Ericulturo, and 4580 139 was in aupport of Regional
Cooperative ASroements, The romaininE $4 101 602 was in rupport of various
other projects implemented by the Agency.

518. In addition, extrabudErtary resources amountin to $15 103 783 were
donated for the International Centre for Theoretical Physics and $506 310 for
the International Laboratory of Marine Radioactivity.

519 I Public and media interest in the ASoncy and its work remained high in
19117) principal ly  in  connect ion with internat ional  efforts  to  stren&then
nuclear safety and radiation protection. Several preor briefinEs were held in
Vienna on remedial actions taken in response to the Chernobyl accident. A
backaround report concernin the international recponse to the accident and
entitled “One Year after Chernobyl*’ was produced and disseminated to a broad
audience of journalists and opinion-leaders,

520, The Agency’s 30th anniversary was marked by - inter alia - commemorative
exhibits mounted at United Nations Headquarters durinE the first month of the
General Assembly’s forty-second regular session, at the Austria Center Vienna
durinE the General Conference’s thirty-first regular session and in Geneva
durinE the United Nations Conference for the Promotion of International
Co-operation in the Peaceful Uses of Nuclear Energy (UNCPICPUNE). Feature
articles on the history of the Agency and its contributions to international
development were prepared for publication in magazines and newspapers,

521. The AEency*s  main wide-circulation periodicals - the “International
Atomic EnerEy AEency Bulletin” and “IAEA Newsbriefs” - were produced at
quarterly and monthly intervals respectively, 1321 A special, 30th-anniversary
ed i t ion  o f  tba “International Atomic Energy Agency Bulletin” was distributed
at the Gener 1 Conference’s thirty-first regular session; also distributed

1321 The “International Atomic EnerEy AgSnCy  Bulletin ’ is published in five
1anEuages (Chinese, English, French, Russian and Spanish) and
distributed to about 33 000 readers (including government and industry
o f f i c i a l s ,  j o u r n a l i s t s  a n d  s c i e n t i s t s )  i n  o v e r  1 6 0  c o u n t r i e s ;  a
Japanese version was published (in Japan) for the first time in
October 1987. “IAEA Uewsbriefs”  is published in Englieh  for the news
media and ths Eeneral public (about 9000 copies of each issue ars
distributed) ; abridged version8 of “IAEA Newsbriefs” are published
separately in China and Japan,
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were two specie1 issues of “IAEA Newmbrief&@  with graphs, tables and charts
illurtrating the hirtorical development  of nuclear moray and its l pplicationr
and  the  A8oncy’s  a c t i v i t i e s  i n  safeguards, technical co-operation  and other
areas,

522. Information  material (brochures, pamphlets and press releases)  were
distributed in response to more than 2000 roquosts  from thr public, and staff
members of the Division of Public Information lrctured on thr work of the
Agency to nearly 50 groups of viritors to tha WC,

523, Six films, mainly for the trainin of experts, wore producrd with the
help af technical Divisions and Camber Stator,

524, Close co-ordination was maintainrd with UNIDO and the other United
Nations or8anizations located at the VIC on all  questions relating to the
cost-effective operation of the VIC complex and the uso of cofmnon areas,

525, A technical study wan carried out with a view to Up8radh6 the trainin
facilitims  at the Agency’s Laboratorios  at Seibersdorf through an rxpansion  of
the main laboratory building. The  cons truc t ion  o f  a  new ~larshoure w a s
completed and expansion of the **barn** (where such thinas au r&ricultural
equipmsnt and products are stored) was initisted,

526, Safety and security l rrrn8ements at the VIC and Seiberrdorf continued
to be improvecl.

527, Telecomormnication  services  were  impravod through the development of
decentralized  computerized  telex tranrminsion  combined with central cost and
traffic control.

528, Purchases of scientific and non-rcientific rquipment and supplier md
expenditures in connection with scientific md maintrnance  contracts amounted
to around $13,3 million; nearly 2900 procurement actions were involved.

529, Assistance in  findin accomn.odation and advice  rrlating to hOUSin8
problems were provided to stuff members of the international or8andzrtions
located at the VIC and persons accredited to these oganizationr. Over
360 lease contracts were concluded with the halp of tha VIC HOUSin8  Service,

530, The Comnissary, with a range of around 6000 articles,  s e r v e d  about
8000 huussholds. Total sales amounted to approximately AS 282 million.

531, Almost 160 separate books or journal issues were published. The net
income to the Agency from the sale of &ency publications was $1 400 184
in 1987, compared with $1 152 114 in 1986 and $884 492 in 1985.

532, The Common Printins  Service continued to provide document and
publication printins services for the A&EnCy and also for UNIDO and the United
Nations bodies basod at the VIC, The income from work for other organizations
was $1.55 million in 1987, compared with $1.10 million in 1986,
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533, Thr output of thr Common Printin Service WI 199 million paso
imprarrionr in 1987, comprrod with 224 million in 1986, Through furthrr rtaff
rrductionr,  thr capacity of the Sorvico WOI  rrducod in linr with thr doclinin&
lrvrl of output,

534. At the and of 1987, thr numbor of mombrrr of thr Socrrtrrirt  wa# 2026 -
771 in thr Profrrrionrl  and hishor crtogorior,  1121 in tha Qonrral Serv ice
crtrlory and 134 in the I4rintonmcr  and Oporrtivw Sorvico crtagory[33].

535. &non8 t h r  5 9 4  rtoff mamborr i n  porto rubjact t o  8rolraphical
dirtribution,  78 nrtionrlitior wore rrprerrntod.

536. Thr fourth trrinrrrhip  proSram\@  for Srrdurtra and junior profosrionals
from d e v e l o p i n g  aroam, w h i c h  boBan i n  J a n u a r y  1 9 8 7 ,  was completed  i n
Docombrr 1987, Fiftom trainoas  prrticiprtod,

547, Aa a rorult  of improvrmontr in rocruitmont  procrduror introduced in
198546, vrcrncirr aa a parcenta60 o f  t o t a l  man-month@ roprermtad b y
rrtablirhrd portr ware furthrr rrducad - to 6.77% (in 1986 the figure
warn 8,5X),

338, An l dvirory committoo on improvrmontr in thr rdvancrmont  of women
within the Socrotarirt warn l rtablirhrd in ordor to monitor pro&rosa made by
thr Aaoncy in thr l dvancomont of womrn staff mombore.

539, Comnom clarrif icrtion rtandrrdr f o r  Ganrral Service a n d  relat.ed
catrgorioa prrprrad  by and for the Vionnr-barrd organizationo  and promulgated
by the Intamational Civ i l  Service Commirrion (ICSC) wore  implemented  in
January 1987.

540, A  aurvry o f  brrt provailin8  conditionr o f  amploymant i n  Vianno f o r  the
Oenrrrl Sorvico a n d  Hrintenanco a n d  Operativrr Servicr (QWl460) r t a f f
cotagorirr warn crrrivd out by ICSC and the Vienna-brood oqanieations.
Rovirod ralary rcalor f o r  ABoncy  mtaff i n  there cataBorhs w e r e  implemrntod
wi th  rffect f rom 1  October  1987 , Work rtarted o n  e s t a b l i s h i n g  a n
l d-of-rorvico l llowmco ryrtom for GWl460 staff aa raco~~nded by ICSC.

541. Thr Socrotariat  contlnurd to participate in ths work of United Nations
bodior l rtrblirhrd for tha purport of co-ordinatins  or rogulatin8  conditionr
of l lnploymotlt - f o r  axampla, tha ICSC, t h r  Conaultativo Cnmmittee o n
Adminirtrrtivo Qurrtionr (CCAQ) and the Unitrd Notions Joint Staff Pension
Board (UNJSPB).

542. T h r  followin or8anizrtional chart shows t h e  s t r u c t u r e  of the
Socrctrrirt.

[331 Thor0 figurer roprorrnt: momborr o-T the Socretariot  occupyin manning
tablo portr (1569) or charlad to ,:lAcrnning table posh (99) or to the
tomporrry l rrirtmco fund (113) ; officiala sewin on a reimbursement
barir (178) or on rocondmont (6); and Sotnmisrary  rtaff (61).
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