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COUNTRY PROGRAMME EVALUATIONS

As one part of the Agency's evaluation coverage of its technical co-operation activities,

a small number of countries are selected each year for in-depth evaluation of all Agency

assistance provided during the previous ten years. This involves an intensive review of the projects

that have been assisted. Following an analysis of the information available at the Agency's

Headquarters, an evaluation team travels to the Member State and together with officials and

project staff examine:

\
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The effectiveness of the Agency's assistance to the country during the

period covered by the evaluation including its major impact, achievements

and bénéficiaires,-

The contribution made by Agency assistance towards expanding the base

and improving the capability of trained manpower in the country;

The contribution made by Agency assistance towards the development of

programmes and institutions that continue to function after the conclusion

of international assistance;

Any persistent obstacles or bottlenecks that influence the effectiveness of

international assistance, including steps that might be taken to lessen their

impact;

The major areas of nuclear application where additional international

assistance appears to be required.

Country programme evaluations are organized by the Evaluation Section, TC, and also

utilize technical experts - both from the Agency and from outside - who have not been previously

involved with the programme being evaluated. Upon completion, each Country Programme

Evaluation is submitted to the Deputy Director General. Technical Co-operation, and to the

Member State concerned.
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EXECUTIVE SUMMARY

introduction

Agency support for nuclear activities in Chile dates back to the early 1960s. During the

last ten years, the period covered by this evaluation, this support has considerably expanded.

In the period 1981 -1991,62 Agency projects with allotments amounting to over $7 million were

completed or are under implementation. Through this co-operation Chile has received 360 man-

months of expert services, S3.4 million worth of equipment, and 105 fellowships for some 390 man-

months of training. In addition, 262 Chileans attended 219 Agency regional and interregional

training courses, and Chilean institutions were awarded 40 research contracts worth over $325

000. To place this in perspective, Chile received 2% of the total Agency technical assistance

provided during the period 1958-1990, and ranked number 14 among all countries, and number

3 in Latin America, in terms of technical assistance funds made available from all sources.

The primary objectives of this evaluation were to determine:

\

The efficiency and effectiveness of the assistance provided to Chile in the period

1981 - 1991;

The impact of the Agency's assistance, particularly for developing the scientific

infrastructure required for the effective peaceful applications of nuclear energy;

The contribution made by the Agency's assistance to encourage the development

of self-sustaining programmes and institutions that continue to function after the

conclusion of the Agency's assistance;

The level and continuity of national support for the Agency's technical co-

operation programme in Chile;

The preparations under way in Chile to make use of the results of this programme

in support of wider national objectives;

Any obstacles or bottlenecks that obstruct the effectiveness of the Agency's

assistance, including steps that might be taken to lessen their impact,

The major nuclear application areas where additional assistance seems

necessary.
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Conclusions and recommendations

This evaluation covers ten years of Agency technical co-operation with Chile, during which

35 projects were completed and 27 are still being implemented. Eight major sectors received

assistance: general atomic energy development; nuclear physics; nuclear raw materials; nuclear

engineering and technology; nuclear techniques in agriculture; nuclear medicine; hydrology; and

nuclear safety.

The evaluation concluded that, overall, the Agency's technical co-operation activities

have, in keeping with the national priorities concerning peaceful nuclear applications,

contributed substantially to the establishment of Chile's nuclear scientific and technical

infrastructure, and played a major role in Chile's efforts to introduce nuclear applications in a

number of sectors of the economy, with many benefits for broader national development

objectives. One of the noteworthy features about the Agency's technical co-operation

programme in Chile is that staff who have benefitted from Agency-sponsored training are passing

on their knowledge to others in the country, and, in several cases, even those who have left their

original home institute continue to collaborate with their former employers as private consultants.

Another strength of the Agency's programme with Chile is the high level of commitment and

dedication that was noted in the great majority of recipient institutions, and in particular at the

Comisión Chilena de Energia Nuclear, CChEN. Mention should also be made of the fact that

bureaucracy appears to be less severe than in some other developing countries, and that

constraints that frequently affect other countries, such as insufficent counterpart commitment and

lack of continuity of personnel, are considerably less acute.

Implementation of the programme, however, has not always been easy, and a few factors

were identified which, to some extent, have limited the full utilization of the Agency's assistance.

Such constraints include local budgetary restrictions, insufficient local support for the scientific and

technological development of scientific staff, and the existing weakness in the assignment of

authority for radiation protection. On the basis of its findings and conclusions, the evaluation

team prepared a list of recommendations which seek to contribute to the alleviation of these

constraints on the one hand, and on the other to suggest ways to maintain and, where necessary,

increase the level of national support provided to activities that have received or are receiving

Agency assistance; to maintain and upgrade the level of training provided through the Agency's
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assistance; and to ensure the sustainabilily of such Agency-supported activities. These

recommendations are put forward in Chapter V of the report. The most important of these are:

1

GENERAL

1. Communication, or rather the lack of it, is an issue that ct times has

represented a serious constraint during the implementation of project

activities. It is therefore imperative that ways and means be found to

improve communication at different levels, be it between scientists within

the recipient country, between project counterparts and Agency staff, or

between counterparts and Agency experts.

The CChEN should encourage its scientists to publish papers on the results

obtained through their nuclear research with a view to introducing other

institutions in Chile, and in other Latin American countries, to the research

work that is conducted by the CChEN staff.

It is urged that, whenever equipment is supplied by the Agency under its

technical co-operation and research contract programmes, the technical

information concerning the equipment be specified in advance to the

recipient institution.

The CChEN should support and encourage individuals who wish to continue

their higher education with the purpose of obtaining an M.Sc. or a Ph.D.

degree in nuclear-related areas,

5. The time required from the moment that a project idea is conceived until

the project is approved by the Agency and implementation is started,

could be up to four years. Certain projects must be initiated and

implemented in a shorter time, and therefore a mechanism should be

established at the local level that would allow the reduction of this time-

span.

- i i i -
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PROGRAMME SPECIFIC

1

The Regulatory Unit of the CChEN is in need of additional personnel trained

in the conduct of inspections of nuclear installations. Additional staff

should therefore be recruited and trained. Lack of qualified personnel in

the areas of civil engineering and meteorology could be temporarily

circumvented by securing the assistance of other Chilean organizations

(universities, research institutes) and of private consultants.

In the nuclear physics and chemistry sector, almost all of CChEN's present

activities are service-related activities. Some basic research activities are

urgently needed to avoid that CChEN personnel become "technicians".

This may be overcome by encouraging the establishment of research

teams with scientific personnel from the CChEN and from Chilean

universities that could take on the study of original projects using facilities

available at the CChEN, as well as in the universities. For this to work,

strong guidance and encouragement are required from the administration

of the CChEN.

The low utilization of research reactors is a concern not only in Chile but

also in other Latin American Member States. It is recommended that the

Agency assist in alleviating this situation by encouraging the organization

of seminars and meetings with the participation of speakers from

organizations where efficient use is made of such facilities.

Despite the present national and international lack of concern with regard

to uranium prospecting and exploitation, the infrastructure (personnel and

equipment) achieved by CChEN in this field with the Agency's assistance

should be preserved and in some cases updated. However, this will be

dependent upon a national decision regarding a national nuclear power

programme for the generation of electricity.

10. In general terms, during this ten-year period, the Agency's technical co-

operation programme in Chile in the agricultural sector has been very

positive and many good results have been achieved. The evaluation team

- iv -



believes that Chile's experience could be put to use for the benefit of the

entire region and that Chile could become a regional centre, where

selected regional activities could be carried out with the Agency's support.

Such activities could include both training and research conducted on a

network basis.

11. Continuous support should be provided to the recently initiated project

concerned with the eradication of the Mediterranean fruit fly, since this

project is related to one of the country's most important activities in the

agricultural sector.

12. With regard to soil fertility and plant nutrition, the Agency should continue

to provide assistance as planned. Particular emphasis should be placed

on the project which is being conducted by both INIA and the CChEN.

1

13. Radioimmunoassay (RIA) techniaues are being used for reproductive

physiology studies on other camelids besides the vicuna, and on other

species, such as bovines and goats. Despite the already existing

capability to conduct this work, the Agency should continue to give

technical support and, within the framework of existing possibilities, should

continue to supply the specific reagents and kits that are developed at the

Agency's Laboratory in Seibersdorf.

14. The J.J. Aguirre Hospital has developed a high level of computer

implementation in diagnostic nuclear medicine studies, including a large

amount of clinical software running on their Gamma-11 system. The

transition from the existing Gamma-11 system to the new Star II computer

system, which will arrive under CHI/6/011, will be difficult and time

consuming. Support from the Agency to facilitate this transition could be

very significant.

15. The assistance of a physicist or engineer is highly recommended at the

Institute of Neurosurgery for support in programming the computer,

maintaining an optimum system performance, and overseeing quality

control.

v - •A



16. Staff from CChEN and also from other institutions, such as universities, the

General Water Directorate, and the National Electricity Company (ENDESA),

should be trained in the area of environmental contamination, with

emphasis on ground water contamination and on the interpretation of the

results.

17. It is suggested to the CChEN to recruit at least one hydrologist with

background in nuclear techniques in hydrology, or, alternatively, to have

personnel of CChEN undergo training in this field, in order to replace

people who have left the CChEN.

18. Personnel should be trained, mainly through scientific visits, in the area of

application of XRF techniques to the in-line systems in industry. For the

development of the control of in-line systems using XRF techniques, expert

advice on instrumentation issues is suggested to assist with optimizing the

design of the systems developed by the CChEN.

19. Additional training should be provided to CChEN staff in the modelling of

phenomena (application of mathematical models) related with the in situ

lixiviation as a p'ocess for recovering copper from copper dumps.

20. The Ministry of Health supplies film badge dosimeters to approximately

4000 workers, but calibration facilities for the dosimeters at diagnostic X-ray

energies are sub- standard. To remedy this situation, an agreement should

be negotiated to make the calibration resources of CChEN available to the

Ministry of Health.

21. It would be most efficient for a single agency to be responsible for

radiation protection at the natonal level. If this is not possible, and both

the Ministry of Health and CChEN are to retain shared responsibility, it

should be avoided that a single institution be regulated ' c both agencies.

This might well be the case at a hospital or other institution that has some

equipment that falls into category 1 (high levels of radiation risk), and other

eouipment that falls into category 2 or 3 (lower risks). In order to avoid

- vi -
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regulation by both agencies, such an institution should be regulated

completely by the institution responsible for category 1.

22. The licencing of a conversion plant at the Lo Aguirre Nuclear Centre is in

process. Emergency plan exercises have taken place at La Reina, and the

unit receives technical support from an analysis group located in that

centre. In order to improve their qualifications, some of the staff should

take courses in nuclear engineering, perhaps in Argentina, since such

courses are not offered in the local universities.

OPPORTUNITIES FOR FUTURE CO-OPERATION

23. Tne only area within the nuclear raw materials sector which should

receive support from the Agency is that related to the geological-

geochemical-radiometric data base, which should be updated

with hardware, software and training of personnel to handle the

existing information in an adequate manner. For this purpose, the

Agency should approve the project requested by the CChEN for the

1993/1994programme, Geological-Geochemical-RadiometricData

Base (priority number 10 in the list sent to the IAEA.)

\ I

t
24. Additional training is required for the present group of scientists who

are working in food irradiation at the CChEN in topics such as: (a)

economic and technical feasibility studies in irradiation plants and

machine sources of radiation; (b) analytical techniques related to

the identification of irradiated food; and (c) dosimetry. The

scientific staff of the CChEN are not allowed to undertake formal

long-term degree training, and therefore any possibility which

would enable them to enlarge their basic scientific background

should be supported. The Agency could also assist the food

industry and governmental institutions with the establishment of

information mechanisms on the benefits of food irradiation. For

example, expert services could be provided to give selected

lectures or conferences on the subject. Also, local experts could

1
к
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use co-ordinated research programmes to obtain and demonstrate

results.

25. Some site-related studies for the characterization of the Lo Aguirre

site as a repository for radioactive waste were completed. Further

studies might be required for a more detailed determination of

aspects such as site geology, hydrology, meteorology,

demography, soil characteristics and stratigraphy. The Agency's

assistance in providing experts to determine the scope of the

required studies, and to participate in general in these

developments, should be sought by the CChEN.

2ó. With regard to probabilistic safety assessments, the Agency's

involvement on a world-wide basis has been considerable. If the

CChEN's plans to enter this area materialize and a project is

established, the Agency could play an important role as a source

of valuable information and expertise.

1
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INTRODUCTION

BACKGROUND INFORMATION

The Agency's co-operation with Chile, which joined the IAEA in 1960, dates back to the

early 1960s. In 1960 the first Chilean national was awarded an Agency fellowship for training in

radiation protection, and in 1962 the first technical co-operation project, on radiation protection,

was approved for Chile.

1

During 1960 -1980 fifty-one technical co-operation projects were implemented in Chile,

including seven projects in each nuclear physics and the application of nuclear techniques in

hydrology or industry, six in each the agricultural and the nuclear safety sectors, five in each the

nuclear medicine and the nuclear raw materials sectors, two concerning issues related to the

research reactors, and one on the production of radioisotopes. In addition to the assistance

provided under these projects, 185 Chileans were trained through Agency fellowships between

1960 and 1980, for a total duration of approximately 1479 man-months. Of these 185 fellowships,

61 (217 man-months or 15% of the months of training provided to Chileans in this period) were

awarded for training in subjects related to nuclear engineering and technology. Other major

areas of training included nuclear raw materials, nuclear medicine and nuclear safely. The total

cost of the assistance provided by the Agency until 1980 amounted to $4 496 300, ranking Chile

4th among all recipients of Agency assistance.

-, I.
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Through the assistance provided in this period the Agency contributed to:

• Planning and developing an overall atomic energy programme;

• Establishing a national laboratory for the calibration and metrology of all the

equipment, radiation instruments and sources of the research reactor and the

radioisotope production laboratory at the La Reina Nuclear Energy Centre;

• Developing electron spin resonance and its applications, particularly its utilization

in irradiation chemistry;

• Developing the capability of the Radiochemistry Laboratory of CChEN to carry out

studies of the chemical effects of nuclear transformations and to conduct research

on the chemical effects of recoil atoms;

• Introducing aerial prospecting methods for nuclear raw materials;

• Introducing the use of X-ray fluorescence analysis in mining, metallurgy, mineral

prospecting and other industries;

• Establishing a capability for the thermohydraulics of nuclear reactors;

• Incorporating nuclear techniques in soil-plant-fertilizer relationship studies for the

most important agricultural soils and cropping systems in Chile;

• Conducting economic and technological feasibility studies on the radiation

preservation of fishery products (fish meal);

• Introducing the techniques for studying the behaviour of water in Chilean soils by

using neutron moisture gauges and gamma-ray soil density gauges;

• Introducing radioisotope techniques in various fields of medicine and in hospitals

in Chile;

- 2 -
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• Introducing modern measuring techniques and methods of estimating tumor doses

in Chilean hospitals;

• Introducing radioimmunoassay techniques to study the reproductive physiology od

dairy cattle and the vicuna;

• Improving the capability of CChEN's Department of Clinical Dosimetry to provide

services to the country's radioteletherapy and nuclear medicine clinics in the

calibration of teletherapy equipment and implant dosimetry;

• Establishing a bioassay laboratory to determine radioactive contamination in

biological samples;

• Introducing radioisotope techniques for the solution of hydrological problems in

connection with surface water, subterranean water and artificial reservoir

infiltrations;

• Improving the radioisotope techniques used in Chilean industries and introducing

new applications to help improve quality and reduce costs;

• Establishing a laboratory for the measurement of environmental isotopes in natural

waters;

« Establishing a neutron dosimetry and monitoring service for personnel dosimetry;

• Organizing a Radiation Health Laboratory with a film badge service for the whole

country and establishing proper safety standards;

• Establishing a central national personnel dosimetry service;

• Preparing a safety report on the establishment of safety conditions for the research

reactor at Lo Aguirre Nuclear Centre.

During the period under review. 1981 to 1991. 62 projects were approved: thirty-five of

these have already been completed and twenty-seven are operational. A total of $7 231 608

- 3 -
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has been allocated to these projects from various sources, including Agency funds, UNDP and

extrabudgetary sources. By mid-September 1991, project expenditures amounted to over $6.2

million, including 359 man-months of expert services, over $3.3 million worth of equipment and

$0.66 million worth of project-funded training. Altogether, in the same period, 105 fellowships

were awarded to Chilean nationals, for a total duration of 391 man-months of training. In

addition, 262 Chilean nationals attended 219 Agency regional and interregional training courses.

Finally, forty research contracts were granted to Chilean institutions for approximately $325 000.

Total assistance provided by the Agency to Chile between 1958 and 1990 amounted to

approximately $8 million, including expert services, equipment and fellowships. This represents

over 2% of technical assistance provided by the Agency to all countries in the same period. With

this share of the Agency's technical co-operation programme, Chile ranks No. 14 among all

countries and No. 3 in Latin America.

REASONS FOR THE EVALUATION

To determine the results of the Agency's programme in Chile and how they are being

utilized, and to identify specific areas for future co-operation were the main reasons for this

evaluation.

More specifically, the evaluation was to determine:

The efficiency and effectiveness of the assistance provided to Chile in the period

1981 - 1991;

The impact of the Agency's assistance, particularly for developing the scientific

infrastructure required for the effective peaceful applications of nuclear energy;

The contribution made by the Agency's assistance to encourage the development

of self-sustaining programmes and institutions that continue to function after the

conclusion of the Agency's assistance;

The level and continuity of national support for the Agency's technical co-

operation programme in Chile;

- 4 -
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The preparations under way in Chile to make use of the results of this programme

in support of wider national objectives;

Any obstacles or bottlenecks that obstruct the effectiveness of the Agency's

assistance, including steps that might be taken to lessen their impact;

The major nuclear application areas where additional assistance seems

necessary.

BRIEF DESCRIPTION OF THE ECONOMIC AND SCIENTIFIC INFRASTRUCTURE IN CHILE

Chile has an area of 756 946 km2 and a population of 13.1 million, as estimated for 1990.

The economy

\

1

Chile's economy was transformed by free market and monetary policies. Both private and

public sectors became much more efficient; production became internationally competitive and

the country's export base was diversified, bringing dependency on copper exports down from

over 80% of total export earnings in 1973 to 47% in 1990.

The Government of President Pinochet eliminated subsidies and price controls, and import

tariffs were gradually brought down to 10% by 1980, forcing industry and the public sector to cut

costs and increase productivity. Businesses taken over during Allende's Government were

returned to private hands and other public sector companies were privatized. A major economic

restructuring followed, as resources were reallocated to the more profitable sectors. The

elimination of inflation was the Government's main priority, and public sector expenditure was

sharply reduced to balance the budget. The number of government employees was cut by over

a third and administrative procedures were simplified to promote enterprise.

The social costs of these changes were great during 1974 -1976. The purchasing power

of the average wage was halved by the sudden elimination of price controls and. as a result of

the first oil price shock and falling copper prices, the country's terms of trade deteriorated rapidly.

In 1975, the country's gross domestic product (GDP) sank by almost 13% and unemployment rose

to nearly 30%.

- 5 -
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There was rapid economic recovery between 1976 and 1981, with an average GDP

growth rate of over 7%. External finance was easily available from the international commercial

banks, imports of consumer goods trebled between 1979 and 1981 and the current account

deficit jumped from S1.8 billion in 1980 to $4.8 billion in 1981.

The establishment of a fixed exchange rate against the US dollar in mid-1979 stimulated

imports and contributed to reducing annual inflation to a single digit in 1981. Domestic industry,

however, was severely affected and the gross external debt increased by 125% between 1978

and 1981.

In 1982 the international copper prices fell drastically and foreign lending decreased

sharply as the debt crisis broke. GDP fell by 14% and Chile was forced to suspend foreign debt

service and to renegotiate its foreign debt in early 1983; the Government had to step in and take

charge of the largest private sector conglomerates.

A series of devaluations after mid-1982 brought the exchange rate to a level which made

Chilean exports competitive once again, but inflation and unemployment went up sharply and

real wages collapsed. A more traditionalist and interventionist economic team took over the

Chicago Boys in 1984. Import tariffs were raised from 10 to 35%, agriculture received special

protection and an emergency employment programme was launched. Economic growth

resumed in 1984 and the interventionists were replaced by a more pragmatic version of the

Chicago Boys in 1985.

The reprivatization of the banks and large companies rescued in 1982-1983 was used as

an instrument to regain popular support for free market policies. Import tariffs were reduced

once again, the value added tax was reduced in June 1988 from 20 to 16%, but tax returns

continued to increase as a result of a growing level of economic activity, and the public sector

deficit was eliminated entirely. Private sector investment increased dramatically in 1987-1989 as

a result of stable rules and a favourable tax regime. Mr, Aylwin inherited the best run economy

in Latin America when he took over from General Pinochet in March 1990. Mr. Aylwin"s

Government has basically kept the macroeconomic policies unchanged, but has raised taxes

to finance a greater expenditure on public health, education and housing.

The heavy cost of food and energy imports continues to induce a structural deficit in

merchandise trade, though this tends to be considerably offset by substantial invisible earnings.

- 6 -
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The economically active population was estimated in 1990 at 4.9 million or 37.5% of the

total population. Unemployment reached 22% in 1983 but has been falling steadily since. The

overall unemployment rate for 1990 was estimated to be 10.2% in urban areas1. The distribution

of the labour force by sector, as estimated for 1990, is given below2:

Agriculture, forestry and fishing 15.5%

Mining 2.9%

Manufacturing 18.1%

Construction 5.6%

Social services 12.2%

Government and financial services 7.4%

Personal and domestic services 17.9%

Transport and communications 7.5%

Unspecified 0.1%

The distribution of the gross domestic product by sector is given below3:

1

Agriculture and forestry
Fishing

Electricity, gas and water

Manufacturing

Construction

Commerce

Transport and communications

Others

8.3%

0.8%

2.5%

20.6%

5.9%

18.1%

7.0%

29.4%

1 Chile, Country Profile, 1991-1992. The Economist Intelligence Unit.

2 Chile. Country Profile, 1991-1992. The Economist Intelligence Unit, p. 14

3 Chile, Country Profile, 1991-1992. The Economist Intelligence Unit, p. 12
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In 1990. copper accounted for approximately 45% of exports, agricultural products for

about 12% of which fresh fruit accounted for 8%, and manufactured products for 34%. In this

latter category, Chile exports wood, paper, cellulose and fish-meal.

Science and technology

The Comisiõn Nacional de Investigaciones Científicas y Tecnológicas -- CONICYT (National

Commission of Scientific and Technological Research) is the highest among the Government

planning organizations that deal with science and technology in Chile. Among its main functions

are the following:

To advise the President of the Republic and the various ministries in matters of

studies and planning in science and technology;

To maintain specialized information services for the scientific community in

general;

To promote science and technology;

To establish national development plans and to ensure that these are fulfilled.

Besides planning organizations, there are organizations which execute research and

development activities. These consist of the university sector (380 research units located in the

national universities), state technological institutes (13 research and development organizations

in applied science and technology, which are aimed at resolving technological problems in

many areas, including nuclear energy) and private technological institutes (40 research units).

It is the university centres that employ the majority of researchers (73%), followed by state

institutes (20%), private companies (3.5%) and others (3.5%).

There are thirteen universities and eleven professional institutions in Chile.

-8
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National organization of nuclear activities

The Chilean Nuclear Energy Commission (Comisión Chilena de Energia Nuclear - CChEN)

was created in 1965 as a decentralized public institution, within the Ministry of Economy. Since

1984, the CChEN depends administratively from the Ministry of Mines.

The duties of CChEN were defined in decree No. 16319, dated 14 September 1965, as

follows:

To advise the Government on all aspects related to nuclear energy (study of

treaties and conventions with other countries or with international organizations;

regulations concerning the property of mineral deposits, fissionable and

radioactive materials; the dangers of nuclear energy).

To formulate and propose to the Government national plans for research,

development, utilization and control of nuclear energy in all its aspects.

To implement the above-mentioned plans.

To promote, implement or investigate the exploration, exploitation and the benefit

of natural atomic materials; the commerce of such materials that have already

been extracted; and the production and utilization, for peaceful purposes, of

nuclear energy in all its forms. Such as its application in medicine, industry,

agriculture and the generation of electrical or thermal energy.

To promote teaching, research and dissemination of the use of nuclear energy.

To collaborate with the National Health Service to prevent risks associated with the

utilization of nuclear energy, especially in aspects related to occupational health.

environmental contamination, food and air contamination. It will maintain an

effective system for risk control to protect its own staff and to prevent and control

potential environmental contamination problems in and near its nuclear

installations.

To control the production, acauisition, transport, import and export, use and

handling of fertile, fissionable and radioactive materials.

In its capacity as the national atomic energy commission, CChEN, with its two Nuclear

Centres, La Reina and Lo Aguirre, has been the counterpart institution of the majority of Agency

technical co-operation projects in Chile (49 out of the 62 project supported during the period

• 9 -
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under review). Further, over 50% of all Agency fellowships awarded to Chilean nationals have

been held by CChEN staff members.

Other institutions in Chile that have received technical assistance from the Agency include

the National Geology and Mining Service, the University of Chile, the Ministry of Agriculture, the

Research Institute for Agriculture and Livestock, the Institute of Neurosurgery, the National

Electricity Holding Company, and the Directorate General for Water in Santiago; the Southern

University of Chile in Valdivia; and the University of Concepción in Chilian.

- 10
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AGENCY ACTIVITIES IN CHILE

1981 -1991

TECHNICAL CO-OPERATION PROJECTS

In the period 1981 - 1991, the Agency approved a total of 62 technical co-operation

projects in Chile, of which thirty-five have already been completed and twenty-seven are still

operational. Total allotments for these projects amount to S7 231 608 including experts,

equipment and project-funded training. By mid-September 1991 disbursements have reached

$6 239 368. The distribution of these funds by sector is given in Table 1.

\

As can be seen from this Table, seven projects in the nuclear raw materials sector account

for the largest share of both allotments (31.3%] and disbursements (35.7%). After nuclear raw

materials, the largest share of funds has been allotted to eleven projects concerned with nuclear

engineering and technology (20.6%). Seven projects in agriculture have received 12% of funds

allotted to all projects in Chile, while nine projects in nuclear safety and five projects concerned

with nuclear medicine have each received approximately 11% of total allotments. All other

areas - nuclear physics and chemistry, application of nuclear techniques in industry and

hydrology, and general atomic energy development - have each received less than 10% of

funds allotted to projects in Chile during the period under review. With regard to disbursements,

nuclear engineering and technology projects accounted for 22% of total expenditures, and they
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are fol lowed by projects concerned with nuclear safety, nuclear physics a n d chemistry and with

the appl icat ion of nuclear techniques in agriculture, which account for approximately 10% each

of total funds disbursed. Projects in nuclear medicine are next with about 7% of total

expenditures.

TABLE 1

TECHNICAL CO-OPERATION PROJECTS IN CHILE
Bt SECTOR

PROJECTS COMPLETED ADD OPERAT IOHAL 1981 - 1991

TOTAL PROJECT ALLOTMENTS AND DISBURSEMENTS
(as of nid-SepteHber 1991)

SECTOR

General atomic
energy development

Nuclear physics
and chemistry

Nuclear
raw materials

Nuclear engineering
and technology

Nuclear techniques
in agriculture

Nuclear
medicine

Nuclear techniques
in biology

Nuclear techniques
in industry arvd hydrology

Nuclear
safety

TOTAL

NO. OF
PROJECTS

3

12

7

11

7

5

-

8

9

62

ALLOTMENTS

50 050

662 843

2 261 340

1 488 648

870 318

827 463

-

26i 450

807 496

7 231 60S

X OF
TOTAL

0.7

9,2

31.3

20.6

12.0

11.4

-

3.6

11.2

100.0

DISBURSEMENTS

12 768

620 102

2 224 764

1 380 568

614 866

446 335

-

262 944

677 021

6 239 368

X OF
TOTAL

0.2

9.9

35.7

22.1

9.9

7.2

-

4.2

10.8

100.0
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In Table 2, the allotments and disbursements of the 62 projects which were approved

for Chile in the period 1981 -1991 are divided between completed and operational projects,

and within these two categories, by sector.

Total expenditures incurred for 35 completed projects total $4 124 682. Two areas -

nuclear raw materials and nuclear engineering and technology, with five projects each -

account for 76% of disbursements; the five completed projects in the nuclear raw materials

sector account for 49% of total disbursements, while the five projects concerned with nuclear

engineering and technology account for 27% of expenditures incurred for all completed

projects.

The current budget for operational projects in Chile amounts to $3 229 620, while

disbursements as of mid-September 1991 total $2 114 686. The distribution of both allotments

and disbursements is much more even for all sectors than among completed projects. Four

projects concerned with nuclear medicine account for the highest share of allotments, 24.5%,

and account for 20% of total expenditures. Four projects concerned with the application of

nuclear techniques in agriculture follow with approximately 22% of the total current budget of

all operational projects in Chile, while disbursements amount to 21%. Three projects in nuclear

safety are next with 15% of allotments and 16% of total disbursements, followed by six projects

in the nuclear engineering and technology sector (12% of allotments and 13% of expenditures

incurred for all operational projects) and five projects in the nuclear physics and chemistry

sector (10% of allotments and 12% of disbursements). Finally, two projects in the nuclear raw

materials area and two projects concerned with nuclear techniques in industry and hydrology

have received approximately 7% each of total allotments and account for 10% and 9%

respectively of total disbursements.

Earmarkings for all operational projects, including unliquidated obligations, amount,

as oi mid-September 1991, to $992 240 or 13.7% of total allotments.

The distribution of project funds between expert services, equipment and fellowships

is given in Table 3. The total amount expended for equipment under both completed and

operational projects, $3 384 084, corresponds to 54% of all funds disbursed under the

Agency's technical co-operation programme during the period under review. Equipment

expenditures in the nuclear raw materials sector have amounted to almost S900 000 or 26%

of total equipment disbursements, followed by nuclear engineering and technology with

-13-
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TABLE 2

TECHNICAL CO-OPERATION PROJECTS IN CHILE
COMPLETED AND OPERATIONAL, BY SECTOR, 1981 - 1991

(As of •id-Septeater 1991)

Sector

Completed projects

General atomic energy development

Nuclear physics and chemistry

Nuclear raw materials

Nuclear engineering and technology

Nuclear techniques in agriculture

Nuclear medicine

Nuclear techniques in biology

Nuclear techniques in industry & hydrology

Nuclear safety

TOTAL

Operational projects

General atomic energy development

Nuclear physics and chemistry

Nuclear raw materials

Nuclear engineering and technology

Nuclear techniques in agriculture

Nuclear medicine

Nuclear techniques in biology

Nuclear techniques in industry & hydrology

Nuclear safety

TOTAL

No. of
projects

2

7

S

5

3

1

-

6

6

35

1

5

2

6

4

4

-

2

3

27

Total project
allotments

$

15 000

323 385

1 990 062

1 091 710

157 170

35 234

-

60 680

328 747

4 001 988

35 050

339 458

271 278

396 938

713 148

792 229

-

202 770

478 749

3 229 620

Total project
disbursements

S

12 768

373 510

2 020 816

1 108 429

173 258

29 276

-

73 901

332 724

4 124 682

-

246 592

203 948

272 139

441 608

417 059

-

189 043

344 297

2 114 686

- 14-
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approximately $777 000 (23%). The nuclear safety sector has received some $450 000 worth

of equipment (13%), while projects concerned with nuclear physics and chemistry, agriculture

and nuclear medicine have each received equipment for approximately $385 000 (about

11%).

Expenditures for expert services ($2 196 438) account for 35% of total disbursements.

The sector that has received the largest share of expert services in terms of man-months is

nuclear raw materials, with 229 man-months and 55% of total funds disbursed for this purpose.

The nuclear engineering and technology sector follows with 38 man-months (14% of funds

expended on expert assignments in Chile). With regard to all other areas, the share of expert

services provided has been below the 10% mark.

-15-
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TABLE 3

EXPERT SERVICES, EQUIPMENT AND PROJECT-FUNDED TRAINING PROVIDED TO CHILE. BY SECTOR

PROJECTS COMPLETED AND OPERATIONAL 1981 - 1991

(As of «id-September 1991)

FIELD

General atomic

energy development

Nuclear physics
and chemistry

Nuclear raw
materials

Nuclear engineering
and technology

Nuclear techniques
in agriculture

Nuclear

medicine

Nuclear techniques
in biology

Nuclear techniques in
industry & hydrology

Nuclear

safety

TOTAL

TOTAL PROJECT ALLOTMENTS

EXPERT SERVICES

И/И

4/00

33/29

230/14

39/16

28/18

10/25

-

17/24

25/13

390/19

$

23 850

169 785

1 172 772

291 386

225 705

88 600

-

106 590

184 443

2 263 131

EQUIPMENT

*

26 200

435 352

935 778

877 095

493 717

718 334

-

149 910

536 263

4 172 649

TRAINING

S

-

57 706

152 790

320 167

150 896

20 529

-

6 950

86 790

795 828

TOTAL PROJECT DISBURSEMENTS

EXPERT SERVICES

М/И

1/23

30/09

229/00

37/22

16/21

5/29

-

16/12

21/02

358/28

t

12 768

197 062

1 215 361

301 993

137 333

48 517

-

127 943

155 461

2 196 438

EQUIPMENT

S

-

387 634

871 479

777 321

386 016

386 726

-

128 049

446 859

3 384 084

TRAINING

S

-

35 406

137 924

301 254

91 517

11 092

-

6 952

74 701

658 846

- 16 -
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FELLOWSHIPS

Total expenditures for fellowships, S658 846, correspond to approximately 10.5% of

funds disbursed under Agency technical co-operation projects in Chile in the period 1981 -

1991. The nuclear engineering and technology sector accounts for the largest share, with 46%

of total funds disbursed for project fellowships. This is followed by nuclear raw materials {21 %).

Details of the assistance provided to Chile through the Agency's fellowship programme,

including both project-funded and project-related training, are given in Table 4. In the period

1981 -1991, Chileans were awarded 105 fellowships for a total duration of approximately 391

man-months of training.

Of the 105 Chileans who were awarded Agency fellowships, eight had training which

exceeded 12 months. Further, of the 105 Chileans who benefitted from Agency training, 13

obtained two or more fellowships and/or scientific visits.

TABLE 4

AGENCY FELLOWS AND SCIENTIFIC VISITORS FROM CHILE
1981 • 1991

SECTOR

General atomic energy
development

Nuclear physics

Nuclear chemistry

Nuclear raw materials

Nuclear engineering & technology

Nuclear techniques in
agriculture

Nuclear medicine

Nuclear techniques in biology

Nuclear techniques in industry
and hydrology

Nuclear safety

TOTAL

NO. OF
FELLOWSHIPS

5

4

14

8

8

17

15

1

8

25

105

HAN/HONTHS/DAYS

2/22

5/13

56/14

14/11

17/09

45/27

119/03

7/01

35/06

87/22

391/08

HOST COUNTRIES

URU, BRA, CUB, ARG

ITA, BRA, USA, URU, UK, ICTP, IAEA

ISR, USA, FIN, BEL, ARG, NET, GER,
DEN, AUS, IAEA

BRA, ARG, FRA, PER

SPA, VEN, GER, FRA, JPN, BRA

BRA, USA, GUA, МЕХ, FRA, PER, IRE,
URU, CAN, JPN, UK, IAEA

USA, FRA, GER, ECU, UK, IAEA

USA

ITA, CAN, SPAN, AUS, UK, IAEA

SPA, A G, ITA, ECU, VEN, USA, GER,
BRA, Fl \, JPN, UK, IAEA

Source: Full project status report, aid-Septeaber 1991

- 17-
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TRAINING COURSES

In the period 1981 - 1991, a total of 262 Chileans attended 219 Agency training

courses. Of the 219 courses, 150 were regional events, while the remaining 69 belonged to

the interregional category. The number of courses attended by Chilean nationals by sector

is given in Table 5.

TABLE 5

AGENCY TRAINING COURSES WITH CHILEAN PARTICIPATION
1981 -1991

SECTOR

General atomic energy
development

Nuclear physics

Nuclear chemistry

Nuclear raw materials

Nuclear engineering & technology

Nuclear techniques in agriculture

Nuclear medicine

Nuclear techniques in biology

Nuclear techniques in industry and
hydrology

Nuclear safety

TOTAL

NO. OF PARTICIPANTS

15

6

17

6

46

35

17

4

65

51

262

NO. OF TRAINING
COURSES

11

6

14

2

38

29

10

4

63

42

219

Source: Training courses status report. mid-September 1991

- 1 8 - I
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RESEARCH CONTRACTS

A total of 40 research contracts have been awarded to various Chilean institutions in

the period 1981 - 1991. Total funds provided amount to $325 000.

Table 6 gives the distribution of the contracts by sector. The highest share of funds

allocated to research contracts is in the agricultural sector, with 20 contracts and 50% of total

funds. In addition to these. Chilean institutes have been awarded eleven contracts in nuclear

medicine, four in nuclear chemistry and one contract each in nuclear techniques in biology,

in nuclear physics, nuclear engineering and technology, nuclear techniques in hydrology and

nuclear safety.

TABLE 6

RESEARCH CONTRACTS IN CHILE SINCE 1981 4/
1981 -1991

SECTOR

General atomic energy
development

Nuclear physics

Nuclear chemistry

Nuclear raw materials

Nuclear engineering & technology

Nuclear techniques in agriculture

Nuclear medicine

Nuclear techniques in biology

Nuclear techniques in industry and
hydrology

Nuclear safety

TOTAL

NO. OF CONTRACTS

0

1

4

0

1

20

11

1

1

1

40

AMOUNT
ALLOCATED ($)

0

5 000

25 000

0

14 000

156 400

104 600

5 000

15 000

5/

325 000

Source: Research Contracts Administration Section

4/ New awards since 1981

5/ Cost-free
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ANALYSIS OF THE PROGRAMME

The 62 technical projects under review are distributed among eight sectors. The

implementation, performance and results of these projects are analysed by sector.

General atomic energy development

The Agency has approved three projects in this particular sector (two of which have

been completed), the objectives of which are as follows:

To advise the Chilean Nuclear Energy Commission on setting up a new nuclear

regulatory body and to assist in drafting a large-scale UNDP project in nuclear

safely and radiation protection (CHI/0/006).

To provide advice on several topics related to the establishment of small and

medium-sized nuclear power stations (CHI/0/007).

To expand and improve the existing local area network of the CChEN to reduce

delays in information transfer and processing (CHI/0/008).

The recipient institution of these projects was the Chilean Nuclear Energy Commission.

No equipment was supplied, but approximately seven weeks of expert services were provided.

With regard to training, the Agency awarded 5 fellowships/scientific visits for training in the

area of general atomic energy development (total duration: 3 man-months), and 14 Chileans

have participated in 12 Agency training courses on subjects related to general atomic energy

development.

Nuclear physics and chemistry

Twelve projects were approved for Chile in the nuclear physics and chemistry sector

during the period under review, Seven of these projects have been completed, and five

remain operational. These projects seem to have been motivated not only with the idea to

have an infrastructure of qualified personnel and adequate facilities to provide services, but

-20-
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also, and equally important, to have the possibilities to do nuclear physics and nuclear

chemistry research. As such, projects were approved for calibration and metrology, as well

as for nuclear analytical techniques in the service area, and for neutron diffraction and

Mõssbauer spectroscopy in the research area. All these activities gravitate around the 5 MW

reactor at the La Reina Nuclear Centre.

More specifically, the objectives of the projects were:

To establish a national dosimetry and calibration laboratory. Radioactive

sources made in the reactor at the La Reina Nuclear Centre would be

standardized and radiation detectors would be calibrated (CHI/1/009).

To install and put into operation neutron diffraction facilities to optimize the

experimental use of the neutron beams of the research reactor at the La Reina

Nuclear Centre. Studies in solid state physics were contemplated (CHI/1/010).

To assist the activation analysis group in the studies of food contamination,

mainly of marine origin, and to identify food deficiency in trace elements that

are essential for proper chiid nutrition and development. A second objective

was to establish a technique to measure uranium concentration in geological

samples (CHI/1/011).

1
To establish the Mõssbauer nuclear spectroscopy technique at the La Reina

Nuclear Centre as a research tool to answer questions in solid state physics and

nuclear chemistry (CHI/1/012).

To improve neutron dosimetry, introducing the techniques of nuclear track

detectors (CHI/1/013).

To promote the more efficient utilization of the reactor at La Reina by upgrading

the facilities for nuclear activation analysis, making possible the multi-element

determination of trace levels (CHI/1/014).

To advise on the establishment of a chemical analysis laboratory and to train

staff in the application of chemical analytical techniques (CHI/2/007).

- 2 1 -
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To develop and prepare new radiopharmaceuticals to be used in nuclear

medicine diagnostic studies (CHI/2/008).

To demonstrate the use. maintenance and work protocols of clean rooms for

trace element analysis to be used in nuclear applications in order to minimize

systematic errors caused by contaminating agents (CHI/2/009).

To upgrade the quality of analytical services through the introduction of X-ray

fluorescence (XRF) techniques by means of excitation with polarized beams and

total reflection (CHI/2/010).

Equipment valued at approximately S390 000 has been supplied by the Agency to the

La Reina and the Lo Aguirre Nuclear Centres and to the CChEN. Santiago. In addition, the

Agency has provided 30 man-months of expert services in support of activities conducted in

this area. The Agency has also provided training in nuclear physics and nuclear chemistry

through some 62 man-months of fellowships and through the attendance of Chilean nationals

at 23 Agency training courses on subjects related to nuclear physics and chemistry.

Nuclear raw materials

Nuclear raw materials is the sector which has received the largest share of Agency

assistance provided to Chile during the period under review.

The Agency has approved and implemented seven projects in the nuclear materials

sector - including two UNDP funded projects - five of which have already been completed

and two are stil! operational. The objectives to be achieved through the implementation of

these projects can be summarized as follows:

To prospect for potential radioactive resources, to conduct the technical and

economic evaluation of radioactive ore deposits and to promote the recovery

of radioactive minerals from copper ores (CHI/3/003).

-22-
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To set up a continuous ion exchange pilot plant for uranium ore processing in

order to continue the development and strengthening of the CChEN facility for

uranium development and technology (CHI/3/004).

To conduct an evaluation of areas favourable for uranium mineralization

occurrences, with emphasis on geological criteria, and the preliminary

geological exploration for uranium in parts of the Chilean Andes (CHI/3/005).

To conduct detailed geological studies in zones of interest and prefeasibility

studies in the most favourable areas (CHI/3/006), as an in-depth continuation of

project CHI/3/003.

To introduce neutron activation techniques (delayed neutron emission) for the

analysis of uranium ore samples (CHI/3/007).

To develop specific analytical techniques based on emission spectroscopy and

voltametry to determine trace impurities in nuclear grade uranium compounds

(CHI/3/008).

To enable the existing laboratory to date geological samples of more recent

origin to assist in determining the mineralization of Chile (CHI/3/009).

4V

1
Equipment totalling over $870 000 has been supplied by the Agency to the Chilean

Nuclear Energy Commission. In addition to this, some 230 man-months o f cvpert services have

been provided in support of activities conducted under these projects. •. regard to training,

the Agency has awarded eleven fellowships in subjects related to the exploration and

prospection of nuclear raw materials (total duration: 32.5 man-months of training), and six

Chileans have participated in two Agency training courses in this sector.

Nuclear engineering and technology

Nuclear engineering and technology is the sector, after nuclear raw materials, that has

received the largest share of Agency assistance in Chile with over 20% of total funds allotted

to all projects implemented during the period under review.
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In this sector, the Agency has approved eleven projects for Chile, included a UNDP-

funded project: six have been completed and five remain operational. The objectives of these

projects are listed below:

To develop at the CChEN hardware and software for the automatic control of

equipment via computers, and to develop expertise in computer data

collection and analysis in experimental work, such as neutron activation

analysis, low background spectrometry and neutron diffraction studies.

(CHI/tf/003).

To establish the legislation for the application of nuclear energy and to conduct

site selection studies for a nuclear power centre (CHI/4/004).

To initiate the production of radioisotopes and radiation sources (CHI/4/007).

To introduce the use of neutron noise techniques in the diagnosis of nuclear

reactor behaviour (CHI/4/009).

To conduct studies on radiation damage, inspection and evaluation of reactor

fuel (CHI/4/010).

To develop the appropriate computer codes to complete studies on the

conversion of experimental nuclear reactors from high to low enrichment level

(CHI/4/011).

To analyse and study corrosion problems at the La Reina nuclear reactor

(CHI/4/012).

To determine the operational parameters of the RECH-1 reactor with fuel

enriched to 45% instead of 80%, with a view to acquiring the information and

techniques required to perform core conversion (CHI/4/013).

To increase the capacity and efficiency of preventive maintenance of nuclear

electronics based on microprocessors, as well as to design microcompute'

cards to do specific jobs (CHI/4/014).

• 2 4 -



\

To develop reflector and control elements and materials and fuel with burnable

poisons (CHI/4/015).

To evaluate the problems presented by the mass spectrometer at the

Environmental Isotope* Laboratory and, if possible, to repair and update it

(CHI/4/016).

To upgrade the existing computer system to enable neutronic, thernrrahydraulic

and other reactor parameter calculations to be carried out in an effective

manner, particularly in respect of safety calculations (CHI/4/017).

Equipment valued at approximately S780 000 has been supplied by the Agency to the

Chilean Nuclear Energy Commission. Also, almost 38 man-months of expert services in support

of project activities have been provided by the Agency, which has also provided training in

subjects such as electronics instruments, maintenance of nuclear instrumentation and power

reactor siting - in particular through fellowships (13 fellowships for a total of approximately 29

months of training) and attendance at training courses (45 Chileans have participated in 37

Agency training courses in subjects related to nuclear engineering).

Nuclear techniques In agriculture

Seven projects were approved for Chile in the application of nuclear techniques in

agriculture. Five of them have been completed or are nearing completion. These are

CHI/5/009. CHI/5/010. CHI/5/012. CHI/5/013 and CHI/5/014. The other two are in their very initial

phases since activities started in 1991 (CHI/5/015 and CHI/5/016). The projects' objectives can

be summarized as follows:

To study the technological and economic feasibility of the radiation

preservation of fish and fishery products (CHI/5/009),

To incorporate the use of P-32 techniques in soil-fertilizer phosphorous

relationship studies in the most important agricultural soils of Chile (CHI/5/010).
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To increase the reproductive efficiency of ruminants through the application of

radioimmunoassay techniques and to study reproductive hormone levels

(CHI/5/012).

To study the reproductive patterns of the vicuna through the application of

radioimmunoassay techniques for measuring reproductive hormones

(CHI/5/013).

To undertake isotope-aided studies on soil-water-fertilizer-plant relationships in

volcanic soils with a view to improving soil-water-and fertilizer management

practices for increasing crop production (CHI/5/014).

To establish the scientific and technological basis for the mass production of

sterile Mediterranean fruit flies in support of Chile's eradication programme

(CHI/5/015).

To introduce standardized immunoassay methods for the diagnosis and

epidemiological surveillance of diseases of livestock and to use these methods

to monitor control and eradication programmes (CHI/5/016).

The Agency has supplied equipment totalling some $386 000 to the institutions where

projects in the agricultural area are being implemented, namely the Chilean Nuclear Energy

Commission; the Austral University of Chile, Valdivia; the University of Chile, Santiago; the

University of Concepción, Chilian; and the Ministry of Agriculture, Santiago. In addition to

equipment, the Agency has provided almost 17 man-months of expert services in support of

the various activities being implemented under these projects. Concerning training, (the

Agency has provided fellowships for training in subjects related to the application of nuclear

techniques in agriculture) 18 fellowships have been awarded for an approximate total duration

of 54 months, and 37 Chileans have participated in 30 Agency training courses in related

subjects.
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Nuclear medicine

Four projects have been approved for Chiie in the nuclear medicine sector during the

period under review. One project has already been completed; and three are still

operational. The objectives of these projects are summarized as follows:

To train local staff in the use of computers in nuclear medicine, particularly in

cardiology (CHI/6/008).

To apply the methods and technology required for examining patients with

encephalic and vascular diseases, as well as kidney transplants (CHI/6/009).

To introduce the labelling of autologous blood cells, and the utilization of bi-

functional chelating agents and to develop new radiopharmaceuticals for in-

vivo diagnosis (CHI/6/010).

To introduce gamma-camera based computer tomography to diagnose heart

disease at the Clinical Hospital with facilities for teaching and research

(CHI/6/011).

\

The Agency has provided equipment valued over $386 000 to the University of Chile

Clinical Hospital, to the Institute of Neurosurgery and to the Chilean Nuclear Energy

Commission. Also, six man-months of expert services have been provided by the Agency to

assist in implementing these projects. The Agency has also provided training to Chilean

nationals in subjects related to nuclear medicine, both through fellowships (17 fellowships for

a total duration of 142.5 months of training) and training courses (14 Chileans participated in

nine Agency training courses).

1

к

Nuclear techniques In Industry and hydrology

The Agency has approved eight projects in Chile that deal with the application of

nuclear techniques in industry and hydrology, six of which are completed and two are

operational. Through the successful implementation of these projects, it is sought:

-27-
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То consolidate the laboratory for the use of isotope techniques in hydrological

studies of the country's water resources (CHI/8/009).

To introduce X-ray fluorescence techniques in the exploration, mining and

processing of ores (CHI/8/011).

To introduce on-site applications of radioactive tracers to determine

operational plant parameters and experimental data processing in mining and

industry (CHI/8/012).

To evaluate water resources, especially for defining the origin and recharge of

ground water in the province of Iquique (CHI/8/013).

To introduce the use of radioactive tracers for the optimization of ore

concentration processes (CHI/8/014).

To introduce the use of radioactive tracers for monitoring dispersion of

pollutants in canals, rivers, lakes and the sea (CHI/8/015).

To identify, through the application of tracer techniques, "9s of greatest

seepage in the reservoir, to determine the main courses of see. age flow and

seepage patterns and to establish a methodology which could be applied to

other hydrological problems (CHI/8/016).

To use tracer techniques to study the flow of water or leaching solutions through

porous media and to find out the transport of contaminants in the type of

media in order to facilitate the development of suitable models for specific

cases(CHI/8/O18).

The Agency has supported these projects through the provision of some S128 000 worth

of equipment and 16.5 man-months of expert services. The beneficiary institutions have been

the Chilean Nuclear Energy Commission, the General Directorate of Maritime Territories and

the Merchant Navy, the General Water Directorate and the National Electricity Holding

Company (ENDESA). The Agency has also provided training for Chilean nationals in this
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particular sector through fellowships (ten for a total duration of 55 months of training) and

training courses (57 Chileans attended 56 Agency training courses in related subjects).

\

1

Nuclear safety

Nine projects in the nuclear safety sector were approved for Chile during the period

under review - six of them have been completed, the other three are still operational. The

objectives of these projects are:

To establish a central national personnel dosimetry service (CHI/9/007).

To train and prepare a core of personnel which will be involved in the licensing

and regulation of nuclear installations (CHI/9/008).

To upgrade existing procedures used to determine human radiotoxicology on

exposed personnel (CHI/9/009).

To prepare and start up a programme for the storage and disposal of

radioactive waste (CHI/9/010).

To extend and optimize the existing telemetric network to identify prospective

areas for nuclear power plant siting (CHI/9/011).

To prepare regulations specifying the conditions under which nuclear vessels

may enter Chilean ports and waters and to formulate a radiology monitoring

programme so as to ensure compliance with these regulations (CHI/9/012).

To upgrade the existing radiation protection infrastructure and to design an

overall development plan to meet the national demand for radiation protection

services (CHI/9/013).

To acquire the technology and facilities for solid waste treatment and to

determine the requirements for waste treatment and conditioning on the basis

of environmental impact (CHI/9/016).
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To extend the range of Albedo dosimetry for neutrons and alpha particles, as

well as a complete criticality dosimetry system to record data in the event of a

nuclear accident (CHI/9/017).

The Agency has provided equipment worth almost $445 000, primarily to the La Reina

Nuclear Centre of the Chilean Nuclear Energy Commission. In addition, over 21 man-months

of expert services were provided in support of project activities. With regard to training, the

Agency has awarded 28 fellowships for a total duration of 92 months of training and 45

Chileans have participated in 38 Agency training courses on nuclear safety related subjects.

1
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RESULTS OF THE EVALUATION 6

The 62 technical co-operation projects implemented in Chile between 1981 and 1991

and reviewed in this evaluation are distributed among eight programme sectors as shown in

Table 1. This section concentrates on the performance and the results of these projects in

meeting their specific objectives and in contributing to an overall enhancement of scientific

and technological capabilities in the individual programme sectors.

GENERAL ATOMIC ENERGY DEVELOPMENT

In general, the Agency's assistance in this area is considered to have been

appropriate. The implementation of a regulatory unit within CChEN demonstrates the

country's commitment to safety.

Communication between the regulatory unit and the licensees has been effectively

established and has been instrumental for the understanding, by the regulated

organizations, of the necessity and objectives of the safety regulations.

Technical support for the regulatory activities is also provided by other CChEN units.

In particular, the assistance of the Reactor Physics Division at the La Reina Nuclear

The following pages are a collection of the actual reports written by the various experts
who participated in the review. This explains the differences from one sector to the next
and, in some cases, also within sectors, which reflects the formats used by each expert.
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Centre has proved to be essential. At the same time, care has been taken to clearly

define responsibilities and preserve the role of the Licensing Division.

Even though the structure of the safety analysis reports (SARs) has been established, an

integrated SAR has not been produced for either the La Reina or the Lo Aguirre

research reactors. Also, the results of the safety evaluations have not been compiled

in corresponding SARs.

1

NUCLEAR PHYSICS AND CHEMISTRY

CHI/1/009, Calibration and Metrology: A radiation protection laboratory was established at

the CChEN during the period 1976-1981 to house basic equipment to measure ionizing

radiation. The IAEA was instrumental in the acquisition of a 420 KV. 10 mA Philips X-ray

machine to be used in the absolute calibration of radiation detectors. In subsequent years,

this laboratory has evolved into an internationally known metrology laboratory, participating

in regular intercomparison exercises with similar laboratories in England (Nuclear Physics

Laboratory, NPL), Germany (Physikalisch-technische Bundesanstalt, PTB), France (Laboratoire de

Métrologie des Rayonnements lonizants, LMRI) and the USA (National Institute of Standards and

Technology, NIST).

The metrolcgy laboratory supports individual monitoring services throughout Latin

America by providing calibration services for intercomparison measurements. One of its main

objectives is to assist national counterparts in the use of radionuclides, dose measurements

and radiation instrument calibrations. At present it consists of three scientists. The position for

one physicist has been approved and it is expected that one such person will be hired in 1992.

Members of this group attend international meetings and publish their work either in

international proceedings or in CChEN's semi-annual journal Nucleotécnica. The frequency of

publications is about two articles every three years.

Within the context of project CHI/1/009, an expert undertook a Iwo-month mission at the

La Reina Nuclear Centre, to assist in the calibration of the laboratory's gas flow counter, using

the available X-ray equipment. The recommendations made by the expert have been

implemented. The counterpart indicated that the laboratory has been growing steadily.

Besides pure metrology, the laboratory's activities include radiation protection, radiology and
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nuclear safety. The counterpart gives post-graduate lectures on radiotherapy at the Schools

of Medicine of both the University of Chile and the Catholic University, and lectures on medical

therapy at the University of Chile. Classes with an average of some 30 students per semester

meet once or twice a week.

The laboratory personnel has an important responsibility in the production and monitoring

of some radioactive isotopes used in medicine. In particular, they are responsible for

establishing the techniques for the production of lr-192 needles for oncological skin treatments.

The isotope is used not only in Chile but also in Argentina and Brazil.

In summary, the following may be said about this project:

Impact: CHl/1/009 has had a very beneficial impact on the activities of this

group, which has grown up to have international contacts and recognition.

Staff: The IAEA has contributed to create the core of trained staff in the field of

metrology.

Expert services: They have been adequate.

Equipment: The equipment provided by the Agency has been appropriate;

Implementation: A self-sustained programme, as explained above, with an

impressive growth has been achieved.

Research contracts: None.

General: The contacts with the Agency have been very satisfactory.

CHI/1/010, Neutron Diffraction: In the 1970s, a neutron diffraction group was established at

the CChEN, headed by Dr. Carlos Infante, Director of the Division of Applications. This group

included three other physicists and two graduate students, Mr. Zelada being one of them.

Seven other university-based scientists were also interested in neutron diffraction experiments

using the facilities at the La Reina Nuclear Centre. These facilities included, besides the 5 MW

research reactor, three main instruments: (a) a DELILAH diffractometer similar to the one used

at Aldermarston. UK; (b) a Glopper-Iype time-of-flight instrument; and (c) a smaller

diffractometer using a graphite analyser as a diffracted neutron beam monochromator.

\

The group requested expert assistance under project CHI/1/010 to install, debug and

calibrate the above instruments. It also requested a Cu-monocrystal to complement the above

facilities. The main objective of the project was to optimize the experimental use of the reactor
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neutron beams. Two experts took part in the project's activities. The first one was in Chile

between September and December 1977 and during June and July 1978. His task was to

install and calibrate the instruments. According to the counterpart, the expert did a very

competent job, as he successfully installed and calibrated the three neutron scattering

instruments. His general recommendations were followed when possible. One of these was

to study an experimental asymmetry observed in the diffracted peaks. It was later on observed

to have been due to a very slight rotational miss-alignment in the drive mechanism of the

diffractometer, and this could be corrected.

The second expert was requested to assist with the training of personnel and to work out

a feasible research programme using the neutron diffraction facilities. He arrived in August

1981 for a six-month period. Only two months after his arrival, he was told by officers of the

CChEN that, for administrative reasons, the services of the counterpart and of two physicists

had been terminated. The fourth physicist, Dr. Venegas (see CHI/1/012), had expressed interest

in developing Mõssbauer spectroscopy. This was a tremendous blow to the neutron scattering

programme at the La Reina Nuclear Centre, which was not properly emphasized in the

expert's final report. Only two graduate students were left in the project, and one of them, Mr.

G. Zelada, who is very famiiiar with the facility, is the only scientist fully associated with this

project at present; he has a part-time person working with him.

The DELILAH powder spectrometer with a GE monochromator crystal is presently

operational. The Glopper is installed but not in use, and the small diffractometer has some

missing pieces, but could be put into operation if so desired. The CAMAC control (see

CHl/4/003) of the DELILAH, has been replaced with a regular PC and a special board.

Two scientific papers, prepared with the help of the second expert, were presented at

national meetings in 1982. During the early stages of the research activities, attempts were

made to identify problems of interest to Chilean industries, but no takers were found. Because

of the lack of personnel, the research suggested by the expert on texture studies of materials

was never attempted. No papers have been published on the work done, although the

dissertation of Mr. Zelada could be published after checking a few points. No use was made

of the Agency's fellowship programme to train personnel, in spite of a suggestion made by the

second expert.
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There was an early interest at the CChEN of fostering an experimental group in neutron

scattering activities. One of the physicists was sent for one year of training to Argonne National

Laboratory. However, the sudden decision of terminating the services of three experienced

physicists almost ended all activities in this area. The present contact has kept it alive and it

seems that the present authorities at the CChEN are very much interested in reviving this area

of research.

It is difficult to properly summarize the activities resulting from CHI/1/010. The present

situation is not due to a lack of interest on the part of the counterparts or to the fact that they

left for a better situation. It is entirely due to an administrative decision made by the

administration of CChEN during 1981. Some final points:

Impact: The DELILAH facility is totally under-utilized, but is ready to be used.

The other two diffractometers may be easily put again into operation. The

DELILAH has a modest FWHM resolution of about 2 degrees, and applied

projects in crystallography could be found, but more personnel is needed.

Staff: Of an original group of four in-house physicists, two students and seven

university-based users, there are at present only 1.5 scientists. Administrative

reasons were given to explain this situation.

Expert services: Both were good. The visit of the second expert was

handicapped by the situation, as explained above. His final report should have

been stronger and more explicit about what happened.

Equipment: The Cu-monocrystal was the only equipment acquired with Agency

funds. It is still in use.

Implementation: Almost no activities in neutron scattering have taken place

since 1983.

Research contracts: None.

General: No other general comments need to be added.

CHI/1/011, Neutron Activation Analysis: Project CHI/1/011 was approved to provide

assistance to the activation analysis group at the La Reina Nuclear Centre, in specific

techniques for trace element determination. These techniques are very useful to establish the

presence of toxic trace elements in biological samples in food, particularly baby food, as well

as to determine the deficiency of essential trace elements. A second aspect of the project.
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í
which was only partially approved by the Agency, was to establish at the La Reina Nuclear

Centre a procedure to determine the presence of uranium in geological samples.

The three-month visit by an IAEA expert was of great help to determine trace elements

using activation techniques in the analysis of biological material such as hair, milk and milk

substitutes. The expert also assisted with the initiation of the forensic activation analysis

programme in Chile. As a result of his visit, a research paper was published in the journal

Radiochemical and Radioanalytical Letter 50 (1981) 177, titled Monitoring Environmental

Pollution of As and Hg through neutron activation of human air. These techniques are currently

used in the control of contamination in workers exposed to industrial surroundings. The

recommendations suggested by the expert have been implemented. The Agency awarded

two fellowships, which proved very helpful. Ms. Gras spent 1.5 months at the Soreq Nuclear

Center in Israel, to specifically learn how to set up and use a system to check for uranium in

samples by counting delayed neutrons emitted after neutron irradiation of the sample. This

was extremely useful in formulating project CHI/3/007 in which the design of the system was left

to Chilean scientists and the components were provided by the Agency. The second three-

month fellowship to the counterpart was also very helpful for his training in the analysis of trace

elements in biological materials through neutron activation. These scientists have been able

to train other members of their team, other scientists in Chile and also university students. To

summarize:

Impact: The results of project CHI/1/011 have been excellent. Neutron

activation techniques are well established in Chile and they are used not only

for projects within the CChEN, but also for governmental, university and

industrial projects. The expertise gained by the members of this group was

crucial to properly formulate projects CHI/1/014, CHI/2/009 and CHI/3/007, all of

them with large impact. The group has matured and has reached international

recognition.

Staff: The expe t mission and the two fellowships were essential for training staff

at the CChEN. These scientists are now training university students and other

scientists in the basic techniques. The group had four members in 1981. Only

one of them has left; Mr. Cortês is on leave of absence at the Division of Life

Sciences in the Agency, working in his field of expertise.

Expert services: These were very good.

Equipment: None.
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Implementation: Agency assistance has been very efficient and effective.

Research contracts: None.

General: The contacts this group maintains with the Agency are excellent. It

is quite nice to see how the activities of this group have evolved. Tue

motivation and interest in maintaining personal contacts with Agency officials,

with experts that have visited the CChEN and with scientists at the host

institutions where they underwent fellowship training, have been extremely

fruitful in achieving their goals.

CHI/1/012, Neutron Spectroscopy: The objective of project CHI/1/012 was to establish the

Mõssbauer spectroscopy techniques at the La Reina Nuclear Centre, as a tool to help in the

solution of problems in solid state physics, chemistry and in applied problems such as those

found in the extractive metallurgy of copper. After the arrival of the Mõssbauer spectroscopy

equipment, an expert came to install the instrument and to train local staff in its use. A second

expert arrived later to advise and to work on applied projects. Unfortunately, following that

visit and three months before the scheduled departure date of the counterpart on an Agency-

recommended and approved leave of absence, administrative CChEN personnel told the

counterpart that he could not travel. His laboratory was subsequently closed. This is a situation

similar to the one encountered in CHI/1/010. This was indeed very unfortunate because

projects CHI/1/010 and CHI/1/012 were the core of the experimental physics research

programmes at the CChEN, and both were essentially cancelled. Consequently, there have

been no major research activities in physics at the CChEN during the period under evaluation.

Fortunately, the counterpart was able to find a faculty position at the University of Santiago and

to take with him the Mõssbauer spectroscopy equipment. Since 1985, he has trained seven

scientists in this area of research, three of whom are at other universities, while the other four

are in non-scientific positions.

The equipment has been improved and is functioning well. The recommendations of the

first expert were in general followed but some not implemented. Some organo-metallic

compounds were studied, but these activities have also been discontinued. Two fellowships

were recommended but none implemented. The suggestion to purchase a sample

preparation facility was not followed, because of its cost and the shift in interest at the CChEN.

The second expert suggested three different fields of study: (a) organo-metallic compounds,

polymer physics; (b) amorphous metals (this implies the availability of an expensive induction

\
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oven for sample preparation); and (c) extractive metallurgy of copper. In the latter field of

study the counterpart has concentrated on the study of slags.

A recommendation by the second expert to organize a Latin American Workshop on

Nuclear Methods was implemented, which turned out to be the seed of the subsequent "Latin

American Conference on the Applications of Mossbauer Spectroscopy" (LACAME), that, with

the important help of ARCAL, has been able to take place every two years, in Rio de Janeiro

(1988), Havana (1990), and is scheduled in Buenos Aires in 1992 and in Mexico in 1994. The

counterpart is a member of the International LACAME Committee.

4 ^

1

The research work done by this group has been reported in journals, conference

proceedings and in the Nucleotécnica Journal of the CChEN at a very impressive rate of about

2 per year, during the last ten years.

Impact: It was fortunate that the counterpart found a faculty position at the

University of Santiago, and that he was able to take with him the Mossbauer

equipment. He has made extensive use of the research facilities and he has

been able to train new scientists in this area and he has made contacts in Chile

with scientists in other areas of research in chemistry, soils and metallurgy. The

programme has achieved international recognition. It has generated two other

projects, one at the University of Santiago (DICYT 1986-1990) and one at the

National Fund for Science and Technology, FONDECYT (0205/87). Contacts

have been established with the Mossbauer Laboratory at the CNEA (Argentina)

and joint studies have been initiated.

Staff: During these ten years, the Mossbauer Laboratory at the University of

Santiago was consolidated. However, it has not been able to establish a core

of permanent staff, probably because of its location. It is not easy to recruit

permanent staff for a research project at a University. Only the counterpart is

permanently working on Mossbauer spectroscopy. At present, he has the help

of three undergraduate students. There is a possibility that a position for a

graduate student could be added next year.

Expert services: Both experts were excellent. Contacts with the second expert

have been maintained, and he has been instrumental in LACAME and to foster

cross fertilization among Latin American scientists working in this area.
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Equipment: The equipment received corresponded to the existing needs.

Except for small problems that were dealt with locally, the facility is working fine.

At present it is also being used in a teaching laboratory and there are no

problems to obtain spare parts or to maintain it.

Implementation: The Agency's assistance was very efficient. The transfer of the

project to the University de Santiago has allowed a stable experimental physics

group to flourish. The University has provided space and a modest budget for

its operation.

Research contracts: None so far. but the counterpart will apply for one.

General: Contacts with the IAEA and UNDP are made through the CChEN.

Although communication with the latter is good, sometimes it is nor too efficient.

A more direct contact with the Agency would be advisable.

\
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CHI/1/013, Neutron Dosimetry: Within the Laboratory for Metrology of Ionizing Radiation (LMIRj

at the La Reina Nuclear Center, a personnel dosimetry laboratory was established to take

responsibility for all personnel dosimetry in Chile. This group is constituted by a physicist, an

engineer and a technical assistant. About 250 people at the CChEN have dosimetry badges

and the Personnel Dosimetry Laboratory is in charge of TLD cards, film, and film with TLD

badges. The readings are automated and stored in a computer file for statistical evaluations.

The group is also responsible for the dosimetry of about 550 persons at other institutions for

which a minimal archive is kept. The gamma dosimetry is done with the TLD cards while

neutron dosimetry is done mainly with NTA emulsions. The limitations of this method specifically

in neutron energy and photon sensitivity, prompted the group to request assistance through

project CHI/1 /013. It was approved by the CChEN in November 1981, approved by the Agency

in 1983 and the first expert arrived in Chile for a two-week period in March 1985. The purpose

of his mission was to advise on techniques to measure neutron doses with Cr-39 track detectors,

and to discuss other aspects of neutron dosimetry, including criticality accident dosimetry. The

expert brought to Chile some of the equipment needed for testing and developing the Cr-39

track detectors, which was essential to accomplish the goals of his assignment. The expert

noted the equipment deficiencies at the LMIR, and recommended to the Agency to

supplement this project with some equipment, such as a Remmeter, a long counter and a

calibrated Am-Be neutron source. He also suggested that qualified members of the CChEN

staff should apply for fellowship training in a foreign laboratory for a two-month period, and

that the laboratory should participate in international intercomparisons of neutron personnel

dosimetry.

^
^
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The Agency supplied the equipment that was recommended by the expert, and the

items were delivered before the one-week visit of the second expert in May 1987. The

Remmeter. however, arrived with some defects that required its return to the manufacturer.

It came back repaired in October 1987. Owing to a misunderstanding, the requested 2-3 Ci

Am-Be calibrated neutron source was not received, and a 1 Ci Am-Be source was delivered

instead. The long counter also had its problems. While the BF3 tube arrived in poor condition

and had to be returned (now a good one is available), the borated paraffin cylinder (or its

equivalent] to house the BF3 tube never arrived. The electronics for the long counter are

available.

The purpose of the second expert's assignment was to evaluate the status of personnel

neutron dosimetry and criticality accident dosimetry, and to advise on methods of upgrading

personnel neutron dosimetry. He indicated that, after ten years of research in neutron track

etch detector systems, the results were not encouraging. An albedo-dosimeter was suggested

as an alternative system. The expert recommended to replace the NTA emulsions as well as

the Cr-39 track etch detectors with the commercially available two-component albedo

dosimeter. For criticality accident dosimetry he suggested that the albedo dosimeter be

combined with a Makrofol track etch detector, and that some parts be purchased. He further

suggested fellowship training for the head of the LMIR at the KfK Laboratory in Karlsruhe,

Germany, and at the ENEA in Rome, and for a laboratory technician at the PTB in Germany.

A third expert, collaborator of the second expert- arrived for a three-week assignment in

January 1989. His main tasks were to help with the calibration of the albedo dosimeter (KfK

type) and to implement all the equipment needed for etching the foils. He suggested to

postpone the acquisition of the long counter since there had been problems with the arrival

of the unit.

Some of the present activities of the scientists at the Personnel Dosimetry Laboratory are

devoted to the detection of natural radon background at several locations in Chile. The

developed etching techniques (Lr-115 and Makrofoil) are used for this purpose.

The laboratory is well equipped and the scientific personnel are very qualified and eager

to perform their activities. The group has made excellent use of graduate studen+s. Excellent

training and transfer of information to other regions of the country have been achieved. Two

M.Sc. theses, one dealing with neutron dosimetry and the use of Cr-39 and Lr-115 foils
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(University of Antofagasta) and the other on neutron dosimetry at low dose with Makrofol

(University of Atacama) were done in this period. A project dealing with radon in the Chilean

environment, was recently presented at the V Symposium on Natural Radiation Environment,

in Salzburg in September 1991.

The intercomparisons between CChEN and KfK that were suggested by the third expert,

have been considered and will be carried out under project CHI/9/017. No international

intercomparisons with Oak Ridge are being planned because of the lack of experience with

the albedo dosimeter.

(impact: Project CHI/1/013 has improved neutron dosimetry, not only at the

CChEN but also in other institutions in Chile. The project has also had an

impact on radon detection studies and on the transfer of this technology to

other regions in Chile, through the training of scientists.

Staff: A core of trained staff has resulted from both expert missions and

fellowship training, however, the greatest benefit has been obtained from the

experimental work done by the experts in Chile. The increase in the amount of

service work has prompted the CChEN to add a new position to the group, and

a physicist is expected to be recruited shortly. No physicist within this group,

trained with a fellowship from the Agency, has left the CChEN.

Expert services: The IAEA-sponsored expert services have been appropriate

and these assignments contributed to the achievement of the project's

objectives.

Equipment: As indicated above, there were problems with the equipment

either because it was wrongly ordered or arrived in bad condition. In

particular, a smaller than required Am-Be neutron source was received, and this

has increased by a factor of three the time needed for calibration. The

Remmeter nad to be returned to factory, the BF3 tube, which was not properly

chosen, went back to the factory twice, and the borated-paraffin cylinder

needed to build the long counter has never arrived.

Implementation: Because of the above, Agency assistance may be judged

to have been only 80% efficient. However, through the implementation of the

Agency's technical co-operation activities in the field of neutron dosimetry

equipment was provided and technology was transferred. Criticality accident
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dosimetry and additional applications for the new type of detectors are among

the new areas of activities contemplated (see CHI/9/017).

Research contracts: None.

General: At the time of the evaluation mission, the counterpart was not aware

that a borated-paraffin cylinder had been ordered by the Agency.

CHl/1/014, Neutron Activation Analysis: Neutron activation analysis (NAA) techniques are

characterized by their high sensitivity and specificity, and offer the possibility of a simultaneous

multi-elemental analysis. As such, these methods require the analysis of many gamma ray

spectra that after acquisition need to be stored in an easily accessible fast computer. Prior

to 1987, the NAA group at the La Reina Nuclear Centre had a gamma ray spectrometer that

was inactive 65% of the time because of time needed to permanently store the data. An old

fashioned slow cassette drive was being used and this was creating a logistic problem,

because of the interest at the CChEN in nuclear material prospecting. The NAA method is one

of the best techniques for trace element analysis of elements such as those in the rare earth

group. The advantages of an automatic gamma ray spect. Dscopy system were experienced

by the counterpart, Ms. Gras, during her fellowship (CHI/3/007) in Finland. The implementation

of such a project was recommended by the expert, so that the CChEN would have an

adequate facility for the expected national demand in these activities. The approved project

included two expert missions and two fellowships (one to the counterpart to visit and establish

contacts at several European laboratories where NAA techniques are used, and one for the

second counterpart, Mr. Munoz. to spend three months at the Interfaculty Reactor Institute in

Delft, Holland). Mr. Mufraz learned the use of computers in the analysis and evaluation of

gamma ray spectra obtained with automated spectrometers. This was essential to establish

the daily procedures needed in the analyses of large volume of samples. Ms. Gras was able

to visit the following laboratories: a) Professor Grass's laboratory at the Atominstitut der

Õsterreichischen Universitâten (Austria); b) Prof. Dass's laboratory at the Netherlands Energy

Research Foundation (Holland); c) Professor Sansoni's laboratory at the Zentralabteilung für

Chemische Analysen, Julien, (Germany); and d) Professor Heydorn's laboratory at the National

Laboratory of Riso (Denmark). Also included in this project was the provision of equipment to

implement project activities. Two desk top computers with MCA cards, diskettes, a Ge detector

and an automatic sample changer were provided. The visit of the first expert was conducted

in time to advise the NAA group on the best equipment to be acquired. The visit of the
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second expert was very helpful in setting up the electronics and software needed for the

automatic sample changer.

The final result of the project is the establishment at the La Reina Nuclear Centre of a

completely automated and computerized NAA and data processing service to assist

government and private institutions as well as universities requiring these services. Scientists

of the NAA group have participated in two ARCAL projects. Since January 1991. the group

consists of six scientists. The automation of the procedures allows personnel to satisfy present

industrial needs, which at present are not too large. Among these there are projects such as

the determination of Cd contamination in canned sea food, which is being conducted by

FONDECYT in collaboration with a university in Valparaiso; heavy metal contamination

detected in human hair; anaiysis for gold in geological samples; and analysis of noble metals,

such as iridium, at a ppb level. It is estimated that less than 10% of industrial projects are

conducted at the CChEN. It seems that industry in Chile still prefers more classical and

traditional methods. The NAA conducted at the CChEN is generally free of charge, except for

private industrial projects. The group is allowed to charge for their services, but revenues are

anticipated in their approved operating budget. As such, these revenues do not get back

directly to them. The interaction with industry is good but probably not at an adequate level.

The NAA scientists are very active under ARCAL and are willing to conduct training at regional

and local levels.

The counterpart is the head of the NAA group and has also become since April 1991

head of the XRF group. She is also the coordinator of project ARCAL IV, Nuclear Analytical

Techniques, where she has been able to transfer some of her experience within the framework

of both national and regional activities. She has also been the coordinator of a course held

under ARCAL IV on Nuclear Analytical Techniques Applied to Geological Samples. The second

counterpart. Mr. Munoz, participated in an Agency workshop on Evaluation of Logical Supports

in Gamma Spectroscopy, which was held in Costa Rica. To summarize:

Impact: The NAA techniques available at the La Reina Nuclear Centre are

excellent. The group has increased and improved its analytical capacity and

increased the utilization of the La Reina reactor by about 100%. They provide

services to many institutions, have agreements with universities and industries

and have pioneered the automated analytical techniques with the use of PC

in Chile. The counterpart staff lecture at universities and they are helping to
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establish a laboratory at the University of Antofagasta. As indicated under

CHI/1/011, this group has acquired international stature.

Staff: The NAA staff feels proud to have achieved the international reputation

they enjoy at present. Only one of the original staff members have moved out

but she has been replaced. Both experts and fellowships have contributed to

the present success. Contacts with experts as well as with scientists at institutions

hosting the fellowships are still maintained. Some of the local staff have been

trained on-site and they have also participated in ARCAL.

Expert services: Both experts were excellent.

Equipment: The equipment was selected by members of the NAA group with

the assistance of the experts. They feel this is the best way to avoid errors. All

the equipment arrived in good condition.

Implementation: The contacts and assistance provided by the Agency have

been excellent.

Research contracts: Personnel of the NAA group have participated in three

research contracts, the last one just renewed. These have provided an

important contribution to the activities of the group. Also, through the research

contracts, contacts were established with other scientists and these have

resulted in several publications. The group will be involved in a co-ordinated

research programme on atmospheric aerosols in Santiago, which is sponsored

by the Gorman Government and co-ordinated by the Agency.

General: 'he counterpart strongly believes that the Agency's contribution has

been essential for the development of the NAA group and that has helped

them reach their present status. The contacts with the Agency are very good.

CHI/2/007, Chemical Analysis Laboratory: During the latter part of the 1970s, scientific

personnel of the CChEN was involved in research studies of hydrometallurgy and physical

metallurgy of uranium at the Lo Aguirre Nuclear Centre. As such, they wanted to implement

appropriate techniques to determine trace impurities in nuclear grade uranium compounds,

of which the technique of emission spectrometry is probably the most commonly used.

Assistance was requested from the Agency and project CHI/2/007 was approved with an in-

kind offer from Argentina. The project consisted of a visit by an expert from the CNEA-

Argentina and a six-month fellowship for O.A. Zaror at the JEN-Spain. Although in the original

project equipment had been requested, no funds were approved for this purpose. The expert
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was to assess the equipment requirements of the chemistry laboratory at the Nuclear Materials

Department. Lo Aguirre Nuclear Centre, and to train Chilean scientists in the appropriate

techniques. The counterpart proposed the names of two experts from CNEA- Argentina, who

are well versed in this subject, but none of them was selected. The one-month visit of a

scientist from the CNEA with experience in traditional analytical chemistry and electroanalysis

was not of great overall assistance to the project, according to the counterpart. He mainly

emphasized electroanalytical techniques and not the techniques of emission spectrometry.

Some of the latter techniques were acquired by Mr. Zaror during his six-month visit to the JEN-

Spain. However, no applications of these techniques were done upon his return, because of

the lack of adequate equipment. Mr. Zaror acquired knowledge in other techniques, such as

atomic absorption spectrometry and classical chemical analysis, that were of great help to

the Chemical Laboratory at the Lo Aguirre Nuclear Centre. To summarize this project:

\

t

Impact: The initial objectives of the project were only partially achieved. The

emission spectrometer requested was not granted and thus the knowledge

acquired on this subject during the Agency-sponsored fellowship was not totally

applied. However, the acquired expertise, together with that of other scientists

at the Chemistry Laboratory, was used to develop other analytical techniques

to determine trace impurities in uranium compounds of commercial grade.

Staff: The Agency provided a fellowship through which the fellow acquired

excellent training in the desired techniques. Upon his return, he and other

scientists at the Chemistry Laboratory were able to develop alternative means

for solutions to their problems. The same scientists that requested this project

are actively involved in present activities at the Chemical Laboratory. During

the last few years some of the project team members have participated in

ARCAL activities. They are able to provide training to their staff. They are also

working with chemists at the universities in Santiago and assist with the training

of analytical chemists.

Expert services: These were provided through an in-kind offer from Argentina.

The services were of a general nature and had little overlap with the described

project.

Equipment: None.

Project implementation: The Agency's assistance in the form of fellowship

training was useful, but unfortunately it was not complemented with the

experience supplied by the expert. Although the main emphasis of this team
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has been the provision of services, projects are being developed to improve

known technologies and to design new technologies in analytical chemistry that

are suited to the problems encountered in the Chilean activities. See CHI/3/008.

Research contracts: None.

General: The counterpart believes that it is very likely that a lack of clarity in

the original presentation of this project and the lack of the expert's background

in emission spectrometry are the main reasons why the original project

objectives were not achieved, namely to obtain a good understanding on

accepted methodologies for trace element impurities in nuclear grade

material. Since the main objectives of this group have been to provide services

to other units of the CChEN, no external publications have been reported.

CHI/2/009, Trace Element Analysis: The Neutron Activation Analysis (NAA) group at the La

Reina Nuclear Centre have a modern facility for analytical nuclear techniques in trace

element analysis. However, the lack of a proper environment in which to prepare and

manipulate the samples creates contamination problems that drastically increase the lower

percentage limit by which a given trace element may be characterized. The group has been

able to reduce the sample contamination problem by taking regular precautions such as

glove compartment, the use of quartz and teflon materials, etc. However, the need to use

analytical nuclear techniques in bio-medical and bio-environmental studies and to improve

the sensitivity of trace element analysis motivated the counterpart to request Agency assistance

under CHi/2/009.

The approved project consisted of two expert missions, two fellowships and equipment

to install and to set up a clean room facility in which samples can be prepared free of

contaminations. The first expert, from the National Institute of Standards and Technology (NIST)

in the USA, suggested that the counterpart visit his laboratory for three weeks. The expert

further suggested a two-week visit to the CChEN after the clean room has been set up at the

La Reina Nuclear Centre with the purpose of certifying it. The mission of the second expert,

one month in March 1991, was very productive. The expert, also from the NIST, held extended

discussions on the use of clean rooms for bio-environmental trace element studies at low

concentration levels and; introduced local staff to recent advances in radiochemical

separations. At the end of his visit the NAA group had a new semi-automated radiochemistry

facility to be used in trace elements such as Cd, Cu, Mn, Mo and W in biological samples. The

following studies were done: a) chemical yield recovery studies and analyses of secondary
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reference materials; b) homogeneity studies of lAEA/ARCAL soya bean flour and; c) studies to

minimize systematic errors in trace element analysis. The expert and the counterpart were able

to set up several discussion meetings with research groups from universities, hospitals and with

members of the Institute of Nutrition. The recommendations by the expert were followed by the

Chilean counterpart. The three-week visit by Ms. Gras at the NIST - the expert's home institute -

had among others, the objective of learning about the design and installation of c( in rooms,

and to gain experience in working in the clean laboratory. The expert was able to advise Ms.

Gras on an efficient design for a clean room within the economical limitations of the CChEN.

A fellowship that had been requested for Mr. Munoz, the second counterpart of the project,

was not granted by the Agency. The reason given was that he had previously been awarded

a fellowship under project CHI/1/014. A second fellowship that was requested for Ms. Gregory

of the Catholic University in Valparaiso, was also not granted by the Agency. The reason given

this time was that she was not involved in the project, However, the counterpart notes that Ms.

Gregory is involved because the University and the CChEN have signed an agreement to

develop the first bio-environmental study at a national level. Several pieces of equipment

needed in this project have been purchased, have arrived and are awaiting installation. At

the time of the evaluation mission (October 1991) work was about to start on the construction

of the clean room. This is a complex and rather specific project and as such has had some

delays. A major delay occurred in getting one of the requested experts to properly design the

clean room. This was solved by the visit of the counterpart to the NIST in April 1990. The

project is not yet finished and therefore it is not yet possible to speak about results. The

counterpart has just returned from an ARCALIV workshop in Sao Paulo, where she was asked

to give presentations on the design and use of clean rooms. Her group is planning to assist

the University of Antofagasta in setting up a Nuclear Analytical Techniques laboratory. The

NAA group is also involved in the Specimen Banking Programme. To summarize:

Impact: Although the project is not finished, the group has already acquired

expertise in the design and use of clean rooms and in the preparation of

samples for nuclear analytical techniques. Once the clean room laboratory is

finished, the scientists are planning to do bio-environmental studies in

collaboration with research groups at other institutions.

Staff: Only one expert mission has been completed; the visit of Dr. Moody to

the CChtN is expected as soon as the clean room laboratory is completed,

presumably during the next few months. No fellowships were approved
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although, as indicated above, two were granted. As of January 1991, the

group had increased by two persons, to a total of six scientists.

Expert services: These were excellent. Still one mission has not been

completed.

Equipment: All the requested equipment is in Chile and is waiting for the clean

room to be finished for its installation.

Implementation: The assistance provided by the Agency has been efficient.

Research contracts: None.

General: The contacts with the Agency are very good. For other general

comments see CHI/1/014.

CHI/2/010, Nuclear Analytical Techniques: The Nuclear Instrumentation Group at the La

Reina Nuclear Centre was established in 1981. It branched off from the Applications

Department, as did several other groups at that time. The group consisted then of three

scientists, and today it still has the same number. A physicist in the team, R. Elias, who was also

one of the counterparts of project CHI/2/010, resigned from the CChEN in early 1991 to join a

private non-technical enterprise. Some of the members of the group were trained by an

Agency expert in 1982, who also gave the initial push to the fluorescence spectroscopy

activities.

4V

1

The objectives of project CHI/2/010 were to improve the quality of analytical services with

the introduction of X-ray fluorescence (XRF) techniques and its applications in analytical

chemistry. The services of two experts were requested, the first at the beginning of the project

for two months; and the second expert at the end of the project for one month. Also, two

fellowships and several pieces of equipment were requested. The first expert was to debug

and calibrate the equipment, to assist in XRF techniques and to study a specific problem.

Fellowships were requested for training in computer software and in solid sample preparation

techniques, and in the preparation of biological samples. The second expert, scheduled to

arrive in November 1991. was to provide advice on the calibration, preparation of samples

and on dealing with data taken at the La Reina Nuclear Centre.

Problems associated with delays in equipment delivery and with poor shipping

containers (a cut-off crystal for the total reflection module arrived broken and had to be

replaced) have postponed the achievement of results. However, as of October 1991, all

equipment is on board and ready for the arrival of the second expert.
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Another problem was related to one of the fellowships. The person who was to be

trained in the preparation of biological samples, as described in the Agency's fellowship

application, was assigned to a laboratory with no major experience in such techniques.

During the mission of the first expert, the experimental set-up for the XRF tube was

completed. The expert also assisted with the design of a new collimator and sample changer,

calibrated the system with radioactive sources and compared the results using the software

packages QXAS and COREX. The expert noted the lack of a CChEN policy to stimulate the

staff to continue their studies toward a higher degree (M.Sc. or Ph.D.). The present lack of

financial and human resources may be the reason for this problem. Furthermore, the

publication of finished results is left only to the initiative of the scientist. With regard to future

plans, the expert suggested that the XRF equipment be calibrated, which he could not do

because of the damage of the crystal during transportation. The equipment has now been

installed (the crystal arrived during the first week of October 1991). and will soon be calibrated

using QXAS and COREX. Further, the expert suggested that the applications and development

of on-stream systems in Cu mining industries be pursued.

A training course in XRF spectroscopy for scientists of the Universidad de la Frontera,

Temuco, will be held as soon as they are ready to establish their XRF Laboratory, presumably

at the beginning of 1992. This course was also delayed because of the arrival of damaged

equipment.

1
Staff of the laboratory have a good relationship with their counterparts at the Lo

Aguirre Nuclear Centre and have helped them in the determination of uranium concentration

in geological samples. In an excellent move, this group has administratively joined the neutron

activation group. It is expected that activities will increase and that some of the problems

mentioned before will be avoided in the future.

Impact: The group has helped scientists from CChEN or from other institutions,

although not directly, with the results obtained through project CHI/2/010. This

project is not yet completed. With the support of the Agency, they should be

able to soon have an excellent XRF laboratory.

Staff: During the last ten years, the Agency has contributed towards the

creation of a core group consisting of three persons with XRF expertise. The

mixing of fellowships and expert advice is considered ideal for training
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purposes. One person, trained through an IAEA fellowship, has left the CChEN

and his field of expertise. The group feels capable of training others in XRF

techniques.

Expert services: These have been very good.

Equipment: The equipment provided by the Agency has been appropriate.

However, and because of improper ship oing containers, some items arrived

damaged. This caused unnecessary delays and several problems that could

have been avoided. Some of the equipment items have been repaired at the

CChEN, as they have adequate mechanics and electronic shops for equipment

maintenance and repair.

Implementation: The Agency's assistance has been effective. However, more

direct involvement between the expert and counterpart should be aimed at.

Research contracts: Members of the group will try' to participate in a Co-

ordinated Research Programme under ARCAL which is scheduled to start in

1992 when the equipment is fully operational. Efforts will be made to obtain

contracts from Chilean mining industries.

General: The contacts with the Agency are satisfactory. The group has not

published any of their results.

CHI/3/007, Analysis of Uranium by the Delayed Neutron counting Techniques: In

connection with identifying natural resources in Chile, the CChEN has been involved since the

late 1970s in several uranium prospecting projects. An efficient and reliable method was

needed to evaluate the uranium content in mineral samples. The chemical wet method is

time-consuming and requires a large staff and appropriate equipment. Neutron delayed

emission after neutron activation of the samples, however, is a much cleaner and faster

method that requires a minimum number of both personnel and equipment. Project CHI/3/007

was approved as a logical consequence of project CHI/1/011, under which Chilean personnel

had acquired the expertise in this method through a fellowship. Expert services, fellowship

training and equipment were requested under this project. The required equipment consisted

mainly of BF3 detectors and associated electronics, and a microprocessor. The counting

station, including moderator, shielding and BF3 detectors, was planned and built locally. An

automatic sample changer with pneumatic transfer (rabbit system] was also designed and

made locally. The first visit of the expert lasted 1.5 months; he assisted with the technical

construction and testing of the uranium analyser unit, as well as with advising on research

programmes after the mission. He also assisted members of the group in the application of
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neutron activation techniques, especially in geology and exploration of minerals. A one-month

follow-up mission took place four months later. The expert continued work initiated previously,

checked on the performance of the set-up and started a new project on the analysis of

thorium and lithium with the same techniques. It was found that samples with large

concentration of thorium gave good signals, but no good results were obtained for lithium.

However, a parallel method to detect gamma radiation after Li activation with neutrons was

quite successful. A six-month fellowship was given to Ms. Gras at the Technical Research

Centre of Finland. There she worked in the expert's laboratory in the neutron activation

analysis of geologi Jl samples, using gamma spectroscopy with automatic sample changer.

This is a very efficient method for a large volume of samples, and the acquired expertise was

essential for Ms. Gras to develop project CHI/1/014. Although there were no problems with the

electronics components, there were quite a number of problems with the BF3 detectors. A

similar experience was realized in project CHI/1/013 and it seems that these detectors were not

properly packed for marine shipping. The first set of BF3 detectors was received damaged.

The Agency was informed, a new shipment was ordered but again the detectors were

received in bad condition. In the third shipment only an empty box arrived at the CChEN. In

order not to delay the project any further, the CChEN decided to place a direct order for BF3

detectors to the US.

4V

1

As a result of CHI/3/007, the CChEN developed a fast, reliable and efficient method to

analyse the uranium content in geological samples. The system has been working since 1982

and about 20 000 samples have been analysed, providing data for a geological map of Chile

that shows uranium deposits. The original Commodore computer and cassette tape storage

system is still in working condition and there are plans to upgrade it to a PC with the proper

interface. The group has published eight papers on the use of neutron activation methods in

geological applications. To summarize:

Impact: The results of this project have been excellent. An efficient technique

to determine the uranium content in samples has been implemented at the La

Reina Nuclear Centre. This has been used in mineral prospecting projects and

in the evaluation of mineral deposits with nuclear interest, particularly uranium,

and to a lesser extent, thorium.

Staff: Both expert missions and the fellowship provided by the Agency were

instrumental in the success of this project. The expert helped with the set-up

and calibration of the system and proposed additional research activities. Ms.
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Gras's fellowship training was carried out at the expert's laboratory in Finland

which contributed not only to consolidate the training, but also to acquire

experience with new techniques which were subsequently used in developing

project CHI/1/014. Today the same number of scientists as in 1981 constitute the

neutron activation analysis group. Only Mr. Cortes, now at the Agency, has

been replaced (see CHI/1/011).

Expert services: The two missions of Dr. Rosenberg in Chile were excellent.

Besides his contribution to the project itself, he made time to visit several other

research groups in Chile dealing with mining and geology. At these institutions,

he provided detailed descriptions of the activities of the neutron activation

analysis group and capabilities available at the CChEN.

Equipment: Except for problems associated with the BF3 detectors, the rest of

the equipment was well received and is operating satisfactorily. Personnel of

the electronics shop at the CChEN are able to maintain and provide repair

services for all the components.

Implementation: The assistance provided by the Agency was very timely,

efficient and effective. The facility for the analysis of uranium has been used

periodically since 1982, with the original detectors and electronics. The

automatic pneumatic transfer system designed and built at the CChEN is

working without problems.

Research contracts: None.

General: See remarks to CHI/1/011.

1 CHI/3/008, Impurities in Uranium Compounds: Project CHI/3/008, which is being implemented

at the Chemical Laboratory of the Lo Aguirre Nuclear Centre, may be considered an extension

of project CHl/2/007. Assistance was requested in the form of equipment - an inductively

coupled plasma atomic emission spectrometer (ICP-AES) - and expert services to assist with

the installation of the facility, to train Chilean personnel and to establish research areas. The

objectives of the project are to measure trace impurities in nuclear grade uranium

compounds.

The counterparts originally requested ICP-AES equipment from either Perkin-Elmer or

Jarrel-Ash, which are companies with representatives in Santiago. The ICP-AES system that was

received in 1987 is a JY38 model from Instruments SA Division of Jobin Yvon (France) with no

representation in Chile. According to the counterpart, this has caused serious problems. Two
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Chilean scientists visited the company in France prior to shipment to get to know the

equipment, to gain basic knowledge on its operation and maintenance and to establish

personal contacts with Jobin Yvon personnel. In 1988, the equipment was installed at the Lo

Aguirre Nuclear Centre by a company expert in a room specially designed for this purpose

which now has its own temperature regulation and no direct light.

The two-month mission in 1987 of the first expert (CNEA-Argentina), sought to introduce

the application of electroanalytical techniques in the metallurgy of uranium with the purpose

of obtaining nuclear grade compounds and analysing trace impurities in these compounds.

The technology transferred by the expert gave the Chilean counterparts knowledge on how

to improve the use of the available equipment and a much broader knowledge on

electroanalytical techniques. The contacts with the expert have been maintained and one

of the subsequent fellowships took place at the laboratories of the CNEA-Argentina. The

second expert, an ICP specialist, visited the Lo Aguirre Nuclear Centre for 1wo weeks in March

1989, and for three weeks in August 1989. The purpose of his mission was to establish research

lines using the ICP unit, to optimize the instrumental parameters, to set up the software needed

in the multi-element analysis of samples, and to advise on corrections for the sample matrix

background. Another fellowship was granted for five months to Mr. Zaror who is presently

visiting the Agency's Laboratory in Seibersdorf (Austria) and the GSF Neuherberg Laboratory

(Germany). The objective is to gain experience with ICP-AES equipment.

4V

1

Some of the expert's recommendations are being implemented. In particular, the JY38

unit is being upgraded by replacing the original computer. The Agency had requested that

Chile provide S10 000 as funds-in-trust to acquire the required system. This has been done.

The high cost of a new nebulizer system and a random access autosampler to upgrade the

JY38 has made it impossible for the CChEN to implement this suggestion of the expert.

Similarly, the installation of a special microwave-assisted sample digestion to improve sample

preparation has been deferred until next year because of its high cost. The last

recommendation, to establish a stable isotope and ultratrace analysis ICP-MS facility (mass

spectrometer) is also quite expensive and there are no means to have it implemented.

This project has moved rather slowly in the last two years, largely because of problems

experienced with the JY38 unit. The counterpart has contacted the manufacturer, but this

being a long distance interaction, communication has been rather slow. These delays could
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have been averted if the firm had had a representative in Chile, and this should be a priority

for future large equipment items to be supplied by the IAEA.

1

Impact: The Lo Aguirre Nuclear Centre has an Agency-supplied ICP-AES unit

of excellent resolution, sensitivity and versatility, Although originally planned for

the study of trace impurities in nuclear grade uranium compounds, it has

extended its use to studies in other fields such as geology, biology and

environmental studies. It provides an excellent analytical tool in the uranium

cycle studies that are being conducted at the CChEN. Scientists at the

Chemistry Laboratory are associated with some faculty members of the

universities in Santiago. In particular, they are collaborating in a study of Li for

its use in commercial batteries. During 1991, there has been a total of four

research projects that students have chosen as dissertation studies. The team

is also associated with colleagues from the CNEA-Argentina under bilateral

agreements on specific projects based on emission spectrometry and

voltametry.

Staff: The training of local staff by visiting experts and through the Agency's

fellowship programme has been extremely important in this project. Those

trained are now able to train other scientists and in fact they are doing so with

university-based personnel, specially in electroanalysis. A core of four people

form this group, and the one person that left the CChEN has been replaced.

Expert services: These have been excellent. Contacts with the experts have

been maintained, and co-ordinated projects have been initiated.

Equipment: The JY38 unit seems to be a high quality piece of equipment.

However, the long distance between Chile and France has prevented fast

solutions to some maintenance problems that have been encountered since

1989. Sometimes solutions offered by fax are found difficult to implement. Basic

expendables needed in the daily operation of the unit are available in

Santiago.

Project implementation: The assistance provided by the Agency has been

effective.

Research contracts: None.

General: The project team has been involved in one of the ARCAL courses

concerned with the application of nuclear techniques to geological resources.

The team is finalizing work to determine B, V and Mo in high purity uranium
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compounds. They participate with BAPMON (Background Air Pollution

Monitoring Network) in the analysis of rain water samples collected on Easter

Island, and they are also involved with intercomparisons of analysis of water

samples provided by the Environmental Protection Agency (EPA) of the United

States. This team has acquired international standards and has made excellent

contacts with similar laboratories in other countries.

NUCLEAR RAW MATERIALS

The necessary infrastructure for uranium exploration was established at the CChEN:

geochemical and mineralogical-petrographical laboratories were set up, equipment

for field and laboratory survey was provided and installed, and staff were trained in

the various techniques used for the exploration of radioactive minerals.

The results of the projects dealing with minerals prospection were instrumental for

increasing the knowledge on the geology of uranium in Chile.

\

The petrographical and geochemical information of the samples collected during the

projects' activities constitute an important part of the geological, geochemical and

radiometric data bank, which has been set up by the Geology and Mines Laboratory

of the CChEN.

The information and results obtained through these projects, together with additional

exploration activities conducted by the CChEN and other Chilean and internaiional

organizations, led to the preparation of a Uranium Prognostic Map in 1986. which

allowed the reorientation of present exploration activities of the CChEN, conducted

through the national programme on the prospection of minerals of nuclear interest.

1

The information obtained through these projects was transmitted to the National

Geology and Mines Service (SERNAGEOMIN), a national governmental organization that

is mainly concerned with basic geology. This information is available to public and

private institutions.

-55

ИЗ&з**

L



í
At present, there is an agreement between the CChEN and SERNAGEOMIN, whereby

the samples collected by the latter are analysed by the Geology and Mines Laboratory

(LGM) of the former, with the purpose of determining the content of uranium, copper,

gold, rare earths and other elements in these samples. The results obtained have

contributed to updating the metallogenetic chart produced by SERNAGEOMIN.

The equipment supplied through projects implemented in this sector is being used by

the CChEN and other institutions by means of agreement. As an example, it should be

mentioned that the Chilean Magnetic Map was surveyed by SERNAGEOMIN, using

equipment owned by the CChEN and supplied through Agency projects.

Through the application of radiornetric techniques during implementation of the

prospecting projects, a phosphorite deposit was discovered, which is now being

exploited by a private enterprise on a commercial basis.

Most of the personnel trained under the projects have left the CChEN and are now

working in universities or private enterprises. For example, a group of professionals who

used to work at the CChEN have set up a geophysical service company which has

national and international reputation.

At the Geology and Mines Laboratory in Lo Aguirre Nuclear Centre, there are three

geologists, two engineers, two technicians, one draftsman and one secretary. This

team constitutes the minimum number of staff necessary to maintain the main activities

of the CChEN in this field, which can be summarized as follows:

Maintain an updated knowledge, as well as the personnel and equipment

structure;

Develop basic geological and rnetallogenetic research on uranium and other

materials of nuclear interest, as well as their relation with basic metals of

national interest (Си. Аи. Zn, Fe);

Develop, according to available resources, the geological prospection of

materials of nuclear interest.

Facilities for solvent extraction and ion exchange studies were set up at the Lo Aguirre

Nuclear Centre and staff were trained on the job, and through their interaction with

Agency experts.

-56-

I.



- ТСГ"

\

The above mentioned facilities were used for purifying uranium concentrate was

obtained from the Chuquicamata Pilot Plant. These facilities have also been used to

determine the uranium content of the copper-leach solutions; to produce yellow-cake

with nuclear purity at the laboratory scale as well as a controlled precipitation of

yellow-cake, to obtain concentrate with suitable granulometry in order to produce

pellets.

Until 1990, the great majority of the personnel (90% of the staff, composed of five

scientists and three technicians) were working on the processing of uranium ore. This

area has now been discontinued, and the personnel has been allocated to the areas

of waste management, electro-metallurgy and nuclear materials.

NUCLEAR ENGINEERING AND TECHNOLOGY

4V

1

CHI/4/003, Computer Services: An electronic and computer service department was

established at the CChEN during the decade of the 1970s to provide in-house services. Since

then, two independent units have been formed, one for electronics and the other one for

computer services. The main objective of project CHI/4/003 was to provide assistance, both

in hardware and software, for the electronics computer control of the experimental data

acquisition at the La Reina Nuclear Centre, using the CAMAC systems. Research activities,

such as neutron diffraction, activation analysis and spectrometry were contemplated with the

available equipment. Assistance was requested from the Agency in 1974, and project

CHI/4/003 was approved in 1976. However, it was only in February-March 1979 that the

Agency-sponsored expert conducted his first mission. His second mission was carried out one

year later. During the five-year interval, between the presentation of the project to the Agency

and the arrival of the expert, the Chilean counterparts studied thoroughly the CAMAC system

which had been used for the control of experiments and for data collection in neutron

diffraction experiments. For these reasons and considering the selected expert's field of work,

the terms of reference of his mission to Santiago were slightly changed and the following

activities were conducted:

Development of a multi-channel analyser (MCA) based on the 8080

microprocessor;
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Basic discussions on the use of an autonomous CAMAC crate controller with a

microprocessor,-

Construction of a stretcner NIM;

Various software solutions for real time display as well as programmes for a

multi-scale mode of operations.

During the year between his two assignments in Chile, the expert maintained contact

with the counterparts at the La Reina Nuclear Centre.

Project CHI/4/003 was quite successful. The design and construction of the different

elements of the MCA resulted in an operational MCA during the following year. This MCA is

used in the Secondary Standard Dosimetry Laboratory. With the arrival of PCs and ADC cards,

the construction of MCAs at the La Reina Nuclear Centre was stopped. However, the

experience gained by the CChEN personnel involved in this project was extremely valuable

for the future maintenance of similar equipment. The recommendations of the expert as listed

in his report have been followed. Both the Electronics Division and the Information Division play

an important role in the training of university students at the rate of one per year. These

students write their dissertation on topics related to electronics and are guided by CChEN

personnel. Because of the heavy load on maintaining and servicing the Nuclear Centre's

instruments and interfacing new equipment with the available facilities, they cannot absorb

more than one student per year. For the same reasons, development work on new circuits and

the design of instruments is not a common task. Personnel are also involved in teaching formal

courses at universities on electronics and computation.

Members of the Electronics and Information Divisions have attended international

workshops and their contributions, about one per year during the last ten years, have been

published in conference proceedings.

Impact: Excellent impact, primarily because the experience gained by CChEN

personnel has been used in maintaining ADCs and MCAs at the La Reina

Nuclear Centre.

Staff: The Electronics Division consists of four persons, the same number as in

1980. One of them has left the CChEN, but continues working in the same field

in a private company, and has been replaced.

Expert services: Extremely adequate.
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Equipment: None acqrred under this project.

Implementation: The major implementation issue under this project was the

long delay between approval of the project and arrival of the expert.

Research contracts: None.

General: Contacts with the Agency are very good and the counterparts are

very satisfied with the present situation.

CHI/4/014, Nuclear Instrumentation: Staff of the Electronics and Computer Service

Department of the CChEN felt the need to have expertise in microprocessors and it was

therefore decided to train some of their technical personnel in this field. A special room within

the laboratory has been designated as a microprocessors laboratory. Assistance was

requested from the Agency under project CHI/4/014, and a one-month expert mission and

several pieces of equipment were requested. At the time of the expert's visit in 1990, three

scientists and a technician constituted the group. An engineer has been recently hired, as

suggested by the expert. Unfortunately, one of the three scientists has requested a leave of

absence to work privately in a similar field. The group has also been using the help of

graduate students who are working on their dissertations. At present, one student is designing

an interface board for a project at the Lo Aguirre Nuclear Centre. These students are

supervised by the engineers of the group or by the Director of the La Reina Nuclear Centre,

who has a thorough background in electronics and microprocessors.

The main task of staff of the Electronics Laboratory is to maintain and repair equipment

within the CChEN. With the new microprocessors laboratory, they are in a position to design

PC boards as interface cards for specific jobs. They maintain a limited stock of chips and

boards, and some may be also obtained locally in Sqntiago. Because of the heavy work load

staff of the Electronics and Computer Service Department, there is little time to write up results

for publication. Only those projects that are conducted within the framework of a dissertation

are written up. The priority of the jobs to be done is assessed by the head of the group, and

о average there are about 15 jobs pending at any given time.

Impact: The assistance provided by the Agency under project CHI/4/014 has

been very timely to satisfy the obvious needs of the CChEN to train some of its

personnel in microprocessors. The beneficiaries of this are not only the CChEN

groups but also other institutions such as universities in Chile which already have

requested technical help.
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Staff: A minimum core of 4-5 engineers and technical personnel are needed

to maintain existing equipment at the CChEN. Some of them have knowledge

in microprocessors, which are considered essential in a modern electronics

laboratory- The expertise of the Chilean scientists has been achieved mainly

through project CHI/4/014 and the Agency-sponsored expert visits.

Expert services: Excellent. The expert had not only the theoretical expertise,

but also the know-how to design and assemble the boards with the respective

chips.

Equipment: The list of equipment originally suggested by the Chilean

counterpart was discussed with the Agency. The equipment arrived in good

shape and it is presently in use. It has helped in the following projects: (a)

making a board for automatic data acquisition in the mass spectrometer (now

functioning); (b) a board was implemented for the DELILAH neutron

diffractometer, now in operation; (cj five PCs have been repaired in the new

laboratory; (d) the laboratory has been implemented with additional electronic

equipment.

Implementation: Agency assistance has been efficient and effective and no

problems have been encountered.

Research contracts: None.

General: The contacts with the Agency seem to be very satisfactory.

No definite plans exist regarding nuclear power in Chile. Even so, growing

demand and a lack of hydraulic potential in the Northern part of the country

could conceivably cause a review of energy policies.

As a consequence of the uncertainties for nuclear power, personnel turnover

is becoming an increasingly frequent occurrence. Most of the staff who

participated in the project for a nuclear power station in Chile have left the

CChEN. Nevertheless, that undertaking left benefits for the country since the

very important concepts and approaches that were so introduced have

reached out to the local industry.

The production of isotopes is being systematically explored by CChEN in terms

of expanding the present capabilities and determining the country's

anticipated demand. Steps will be taken to determine the possibilities for
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Mo-99 production as a fission product. Some unforeseeable setbacks caused

a significant slow down of activities in this area, including the reassignment of

personnel to other groups. The group consisted originally of eight professionals

of which only three remained, although another person has been added. The

Agency-supplied equipment is in good operating order and the installation of

production cells and manipulators is in process.

Neutron noise techniques are not being applied at present and their utilization

is not planned in the near future. This is not considered a hindrance for the

utilization or for the characterization studies of the La Reina research reactor.

Lack of proper instrumentation and equipment resulted in limiting the scope of

the work of the Agency expert. Some capability has been maintained through

the participation of personnel in regional courses (ARCAL V).

Fuel fabrication is an important activity within CChEN since present projections

indicate that new fuel elements will be needed after 1996. The staff is

competent and qualified for most of the tasks involved in the fabrication

procedure. The Agency's assistance was instrumental for the training of this

staff. Repair of fuel elements, comprising practically the whole core of the Lo

Aguirre research reactor, has been satisfactorily completed. Work on a burn-up

determination facility is proceeding, although personnel qualified to perform

the required measurements is not yet available. With regard to the irradiation

tests of the fuel to be fabricated and its post-irradiation examination, present

plans are for these activities to be undertaken in a suitable facility abroad, with

the active participation of Chilean personnel. Use of dispersion fuel

technology, to which the staff was introduced through the expertise made

available by the Agency, has been extended to obtain and sinterize materials

for applications in the local industry. Loss of personnel has also been

experienced (three in total). Two joint research projects with the University of

Chile are under way.

Research reactor thermal hydraulic studies have been undertaken with success.

It is worth noting that two years elapsed before the staff knew that the project

had obtained the Agency's support. The Agency's decision regarding an

application for a research contract that was submitted recently had not yet
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been communicated to the counterparts. The capability of the staff is

recognized within other groups at the CChEN and requests from abroad

concerning the computer code developed by the staff have been received.

The laboratory for corrosion studies has enabled the staff to prescribe water

chemistry specifications to halt the corrosion experienced in some structural

parts of the La Reina reactor facility. A suggestion was made that the Agency

examine the continued availability of experts for consultation after the mission

is completed, since in one case the retirement of the expert precluded further

communication. Also, some time was spent by the counterpart trying to obtain

the operating manual for a small piece of equipment provided by the Agency;

it was finally found that such document was inexistent.

Timely assistance was provided by the Agency in the approach to criticality of

the La Reina reactor with medium enriched uranium (MEU) fuel. Routine

reactivity measurements, as required by the operating procedures, have since

been performed. The facility has also served educational purposes exemplified

by its use during an ARCAL V (Research reactors) course on research reactor

parameter determination. The equipment provided has been integrated into

a system for neutron flux determination by foil activation. The reactor operation

staff consists of five licensed operators, two of whom formed part of the initial

group, and two reactor supervisors. Reactor utilization mainly consists of a 24-

hour continuous shift at the end of each week. During the course of the

evaluation mission some concern was generated by the seemingly explosive

mixture of a bubble known to form in the coolant delay tank. The reactor

committee was convened to analyse the problem and provide guidelines.

Activities related to fuel materials, burnable poisons and reflectors are just

beginning. A proposal for reorientation of some aspects of the project has

been submitted to the Agency's technical officer.
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NUCLEAR TECHNIQUES IN AGRICULTURE

Food Irradiation

Project objectives in this area were only partially accomplished, since economic and

technological feasibility studies on the radiation preservation of fishery products were

conducted only with fish meal. However, other related activities were aeveloped

during the project cr after its completion. These are:

A National Committee was established in 1982 to set up legislative measures

on the use of irradiated food As a result, the Ministry of Health authorized in

December 1982 the use of radiation for food preservation according to the

recommendations of the 1980 Joint FAO/WHO/IAEA Expert Committee on

Irradiated Food. Chile cleared unconditionally 13 food items, including some

fish products. The technical officer's participation in meetings and discussions

held with staff of several institutions, government agents and the private sector,

was instrumental.

The National Institute of Standards is working on a project on the

standardization of labels on packaged food, including irradiated food. The

CChEN is participating in this work through its Food Irradiation Department.

Agency-sponsored training, although limited to one person, and only for a six-month

period, was effective. The techniques learned and the general knowledge acquired

during the training period are being applied in studies involving several food products

other than fishery products. The researcher trained has headed the Food Irradiation

Department of the CChEN since 1981. She has been responsible for training fellows

from other Latin American countries (Peru and Costa Rica) in food irradiation processes,

and during the past three years, has organized regional workshops on this subject.

Also, she has worked as an Agency expert on several occasions, and has been the

Latin American counterpart for technical and economic feasibility studies on food

irradiation conducted for the region during 1980 - 1990.

The economic studies conducted prior to the completion of the project did not result

in any specific possibilities for the commercial application of irradiation for the

preservation of fish products. However, feasibility studies have recently been

-63-



- TE"

conducted on the use of irradiation for the preservation of highly valued "prime fish-

meal", showing economic viability, and the technological knowledge developed with

the Agency's assistance may prove useful in the future. The private sector is directly

involved in this feasibility study, thus increasing the possibilities to expand the

application of irradiation techniques to commercial levels.

Research contracts were very effective in the development of specific research

activities. This is essentially due to: (a) the positive technical links between the project

officers and the chief investigators; and (b) the possibility of using small amounts of

money to overcome practical or bureaucratic local limitations, that would otherwise

hamper the implementation of research activities. As a result of both these and project

activities, technical results were published either at the national or at the international

level.

Soil fertility and plant nutrition

Studieson phosphate fertilizer use efficiency conducted under project CHI/5/010 sought

to incorporate the use of P-32 techniques in soil-fertilizer phosphorus relationship studies

for the most important agricultural soils of Chile. Thanks to the excellent work

conducted by both national counterparts and Agency experts, additional results were

obtained:

Nuclear techniques using P-32 were incorporated into soil-plant-fertilizer

relationship studies.

Quantitative information was obtained on phosphate retention by

volcanic soils. The relative availability of several P sources, including

some non-traditional sources, was determined. This work also provided

information on the required acidulation and fineness of a northern

Chilean rock phosphate to be usea as a fertilizer, which is of obvious

economic importance, since P fertilizer in Chile is 100% imported.

The evaluation of P fertilizer sources, which was originally done at the greenhouse level,

was then conducted at field levels, thus providing definite practical applications to the

experimental results.

As a result of the project, a study was conducted using P-32 to characterize root activity

and the distribution of clover and fruit trees in various soils. As a consequence,
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changes were made on the recommendations concerning the placement of fertilizer,

which improved the efficiency of P use by these crops.

The technical information that resulted from these studies was published at the national

or regional level. Also, results were disseminated through conferences, workshops, and

at a regional training course on "Nuclear Techniques in Soil-Plant-Water Relationship

Studies", conducted in Chile in 1989.

\

Two professionals were trained under this project. One of them is actively working in

the area and heads the Soil Fertility Laboratory of the CChEN. The other was trained

late, as far as project requirements were concerned, and resigned very shortly upon

her return.

With the Agency's assistance, isotope-aided studies are also being conducted under

project CHI/5/014, on soil-water-fertilizer-plant relationships in the most important soils

of Chile to improve soil, water and fertilizer management practices, and thus increase

crop production. The positive results obtained through project CHI/5/010 and the

incorporation of INIA as an additional counterpart institution, have contributed to the

application of nuclear techniques under field conditions.

4

1

Some specific technical objectives of the project have been fully accomplished.

Information was obtained on the relative efficiency of various N fertilizer sources for

different wheat varieties in different agricultural regions. In some cases, oats and

barley were also used as test crops. The analysis of the experimental and analytical

results has been completed and a publication is being prepared ("Evaluation of N

sources for wheat varieties using N-15").

The quantification of direct and residual effects of P fertilization with triple

superphosphate and rock phosphates (including a national rock phosphate) was done

for cropping systems, including wheat, oat and rape, and pastures in three agricultural

regions of Chile. The data are being analysed.

Nuclear techniques have continued to be applied to study root activity and distribution,

and to characterize N absorption patterns in fruit trees (peaches). The results obtained

are of real practical importance to adjust the rate and time of N application. In
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addition, this work has provided original information on methodological aspects such

as: a) composite leaf sampling procedures, and b) destructive whole tree sampling.

This work will result in a better understanding of N absorption, storage and translocation

within the whole plant, and from one year to the next.

1

Other activities have been delayed ?nd are now in their early stages. This is the case

of the biological nitrogen fixation (BNF) studies in conventional pastures. Since there

were no technical staff trained in the use of either conventional or isotopic techniques

to evaluate BNF, the training activity had to be undertaken first, which postponed until

1990 the initiation of the experimental work. Similarly, soil water studies in different

cropping systems and agricultural regions of Chile started only recently because of

delays related to the reception of an N-15 fertilizer, which postponed the arrival of the

experts. Despite these minor problems, however, a large proportion of the original

project objectives has been achieved and significant practical results have been

obtained during the period for which the project was planned.

In addition to the technical results, other types of achievements should be highlighted

as a consequence of project implementation. It is neither common nor easy to set up

in developing countries inter-institutional work aimed at a common objective. In this

case, however, progressive collaboration was developed between the CChEN and the

National Agriculture and Livestock Research Institute (INIA), and in August 1989, a

formal agreement was signed between both institutions. The efficient participation of

the Agency's technical officer in this endeavour was pointed out by counterparts in

both institutions.

As a result of project activities, and of the inter-institutional and interdisciplinary work

that has developed, the possibilities of using nuclear techniques in soil fertility and plant

nutrition studies, have been disseminated at the national level.

Several scientists from the CChEN and from other institutions were trained under this

project or through regular courses. All trained personnel continue to participate at

various degrees in activities involving the use of nuclear techniques.

The participation of Agency experts in soil fertility projects was very positive not only

because of the specific technical recommendations they made, but also because of
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their assistance with the establishment of inter-institutional links. It was only mentioned

once that the report containing the expert's recommendations had not yet been

received, and that this had caused some problems.

Equipment provided through this project was necessary to establish the analytical

capability to handle the large number of samples that are analysed as a result of the

many field experiments conducted in different regions of Chile. The laboratory is now

adequately equipped and is functioning with a reasonable rate of sample processing

and analysis.

Animal reproduction

No major problems were encountered during the implementation of the project

(CHI/5/012) on the reproductive behaviour of ruminants at the Southern University of

Chile in Valdivia. This is due to a large extent to the dedicated and efficient national

counterpart and to the CChEN which showed strong interest in the project and assisted

the counterpart institution and the Agency in solving arising problems.

Initial technical difficulties were mainly related to the introduction of the FAO/IAEA1-125

assay kit, first because of the non-availability of essential equipment, and then because

of laboratory contamination. The Agency's expert participation at this stage was

fundamental. Once these difficulties had been overcome by the end of 1987, no other

major problems were encountered and the project was satisfactorily conducted to

completion.

Facilities were set up and staff trained to use radioimmunoassay (RIA) methods to

determine the causes of reproductive failure in dairy cattle and during embryo transfer.

Research work was also conducted to characterize basic reproductive parameters of

imported breeds of cattle. The facilities are being used to train undergraduate and

postgraduate veterinarian students, participants in an annual training course on animal

reproduction for Latin American veterinarians, and Agency fellows. In addition, the

laboratory facilities are also used by private veterinarian and dairy cooperatives, and

services are being provided to individual farmers, to the Ministry of Agriculture's

extension service, and for the training of inseminators. All this indicates that Agency

assistance has contributed significantly to the establishment of a centre of excellence

in Latin America for teaching and studying animal reproduction.
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A total of 5000 samples of milk or blood are being analysed per year for progesterone

by solid phase RIA. The analysis of LH can also be performed.

The project concerned with the reproductive physiology of the vicufia, CHI/5/013,

implemented by the Faculty of Veterinary Science of the University of Chile, was

affected by a number of factors during the first two years: poor facilities at the Lauca

Park for capturing and handling vicunas,- lack of a vehicle to mobilize personnel,

equipment and feeds within the park; technical problems to set up RIA methods at the

University of Chile. With the Agency's assistance, national counterparts succeeded in

overcoming these difficulties, and ihe main objectives of the project could be

accomplished:

Information was obtained on the reproductive behaviour of

these camelids under captivity;

The feasibility of applying RIA techniques to study the

reproductive physiology of a wild animal was demonstrated;

and

Plasmatic concentration profiles of reproductive hormones were

obtained both on male and female, and correlated with

behaviour and seasonal variations.

Facilities for handling vicunas at the Lauca National Park were built and are

operational. Methods for anaesthetizing, catheterizing and blood sampling the animals

were set up. Laparoscopy for examining ovarian structures was also established. The

laboratory equipment provided under the project is well installed in suitable

laboratories at the University of Chile, and is in good operating condition.

Through the project, the services of several experts were provided. With very minor

exceptions, the experts were able to work effectively with the counterparts. Overall, the

expert missions were very important to help establish laboratory and field procedures,

as well as to keep the Agency and counterparts informed about the progress made,

the problems encountered and further requirements.

The training provided under this project was initially affected by some implementation

difficulties, which resulted in delays. Overall, however, the training has proved to be

highly relevant as shown by the project's results. One of the trained scientists continues
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to be actively involved in research, and she is leading in the area. The second one.

who worked full-time at the Lauca Park and was responsible for the day-to-day

operation at the field station, has resigned to the University. His present work remains

related to the management and breeding of domestic cameiids.

RlA techniques are being used in thesis research work by veterinary students, which is

indicative of the development of a local capability in the subject.

The radioimmunoassay techniques are being used by the same group to conduct

studies on other species (goats, bovines). The group receives partial financial support

(special research funds) from other sources, such as the University of Chile, the National

Science and Technology Fund (FONDECYT). and the inter-American Development Bank

(IDB). The results obtained through project activities have been essential for the

technical recognition of the research team.

The technical information derived from these studies is being published either at the

national or at the international level. Also a video on the behaviour of the vicuna has

been recently prepared, thus offering an efficient mechanism of public dissemination

of the existing knowledge.

NUCLEAR MEDICINE

Nuclear cardiology

The counterpart institution for activities in nuclear cardiology, the University of Chile's

JJ. Aguirre Hospital, с the only teaching institution in Chile which trains physicians in

nuclear medicine. As such, the improved expertise in computer applications is passed

directly to physiciens and technologists in training, in addition, the counterpart

institution is an active organizer and participant in regional professional meetings.

A position for a nuclear medicine physicist has been approved under the 1992 budget.

This is a significant commit.Tient on the part of the counterpart institution to maintain the

progress achieved under this project and to fully take advantage of a continuation

project which is currently operational- CHl/6/01 V
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The equipment supplied under the project (computers and minor electronic equipment)

is functioning, well maintained, and in daily clinical use. With the help of project

experts, software has been developed and implemented for the following computer-

aided studies:

Renal function based on glomerular filtration rate of Cr-51 EDTA.

Left/right relative renal function based on differential uptake of Tc-99m

DMSA.

Renal function based on relative blood flow, glomerular filtration rate

and parenchymal transit time of Tc-99m DTPA.

Parathyroid imaging using a subtraction technique of Tc-99m and

dynamic Tl-201 images.

Cardiac equilibrium gated ventriculography. including phase and

amplitude imaging.

Cardiac first pass analysis of right ventricular function based on gated

list mode acquisition.

Myocardial perfusion analysis.

A computer-aided gamma camera quality control programme is in place and it is

used to ensure the optimum performance of existing equipment. The theory and

implementation of the quality control programme is disseminated to physicians in

training and to other nuclear medicine departments by two means. First, the University

of Chile trains physicians in nuclear medicine, and after approximately three years of

training offers a title of Nuclear Physician. Secondly, lhe counterpart institution has an

operational research project under which technologists from J.J. Aguirre Hospital visit

other nuclear medicine departments to review gamma camera quality control

procedures.

Staff from the counterpart institution and other regional nuclear medicine departments

were trained in the fundamentals of computer science and specific applications of

computers in nuclear medicine. Two physicians and one technologist received

fellowships under this projec?. One of the physicians has moved to another institution

(Catholic University Hospital), the others are still working at the counterpart institution.

IV

A project to implement computer-aided quality control of gamma cameras is

operational. Significant result,- have been observed at the counterpart institution. Part

-70-

L



- тег--

• *1"fJíWS»*

\

of the same research project supports technologists to visit other hospitals and

implement similar computer-aided quality control programmes at those hospitals. The

other hospitals contacted expressed satisfaction with the programme, but felt that more

support (more visits) was necessary.

Computerized technology in nuclear medicine

The counterpart institution is the Institute of Neurosurgery. which is operated by the

Ministry of Health, with a relatively lower level of support and a higher demand for

service, as compared to other institutions in Chile. Resources are carefully and

efficiently used to demonstrate the value of nuclear medicine studies within the

national health care system.

At the Neurosurgery Institute, the GE StarCam system is installed and producing clinical

studies of the brain, kidney, and vascular system, including very good quality SPECT

studies of the brain and other organs.

Two physicians received fellowships under this project; both are still working at the

counterpart institution. There is only one fully qualified technologist, who has not

received training through the Agency's fellowship programme, but is highly skilled,

motivated and contributes greatly to the success of the institution.

Apparent uniformity artefacts in some patient studies and in some phantom studies

were evaluated. Operating procedures were verified to be correct, and the artefacts

were concluded to be probably due to an intermittent hardware failure. This type of

failure can only be resolved with a knowledgeable and determined effort by the

counterpart staff and with capable factory service.

Development of radiopharmaceuticals

Techniques for labelling blood cells were perfected at the La Reina Nuclear Centre,

and this made possible new diagnostic nuclear studies. An active

radiopharmaceutical development group was able to refine and improve techniques

for separating, handling, and labelling blood cells with stannous reducing agents,

including red cells, white cells, and platelets. The skills and sophistication of this group

were increased, making future developments possible. The success demonstrated by

the radiopharmaceutical group has resulted in increased local support for new
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facilities and staff. In particular, local funding was obtained for the construction and

maintenance of a vivarium to house animal models needed to evaluate new

radiopharmaceuticals. Also, a position has been locally funded to add another

chemist to the radiopharmaceuticai development group.

Through the project, practice was gained in the use of new techniques (bifunctional

chelating agents) for labelling biologically significant proteins, and of

autoradiographic techniques to evaluate the biodistribution of new

radiopharmaceuticals.

Two fellowships and one scientific visit were awarded to Chilean staff in relation to this

project. All trained persons are still working at the counterpart institution, one, however,

was away on a three-month leave of absence.

An inappropriate cryomicrotome was supplied under this project, probably due to

communication problems between the counterpart institution and the Agency. This was

later replaced with a fully satisfactory instrument. Other Agency-supplied equipment,

such as computers and accessories, automated volumetric equipment, and radiation

detectors, are in use and integrated with other existing equipment.

The radiopharmaceuticai development group at the La Reina Nuclear Centre are very

successfully reproducing a number of newly developed radiopharmaceuticals which

have recently been released by commercial radiopharmaceuticai companies.

Commercial versions of these products are extremely expensive, and thus practically

unavailable. The local product is of excellent quality, it will permit new diagnostic

studies and will have a significant impact on the practice of nuclear medicine.

The radiopharmaceuticai development group is well established. This group supplies

both routine and newly developed radiopharmaceuticals to the national nuclear

medicine industry. It is currently producing and distributing the new renal agent,

Tc-99m MAG3, and the relatively new adrenal agent, 1-131 MIBG. Patient images from

these locally-produced Pharmaceuticals are of equal or better quality than images

produced from the commercially distributed Pharmaceuticals in North America. The

group is in the final stages of reproducing two other newly developed
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radiopharmaceuticals. ECD for brain scans, and HMPAO for blood labelling (and brain

scans).

The radiopharmaceutical development group is very active in training other

professionals. For example, seminars were given on labelling white cells in 1986,1989,

and 1991. A course on radiopharmacy is given for physicians every other year as part

of the nuclear medicine training programme administered by the University of Chile.

Topical seminars are given occasionally for nuclear medicine professionals. The most

recent was on radiopharmaceutical quality control in 1990. Another seminar is

planned for November 1991 on cell labelling and monoclonal antibodies. The leader

of the radiopharmaceutical development group has worked for the Agency as a

technical co-operation expert.

NUCLEAR TECHNIQUES IN INDUSTRY AND HYDROLOGY

The laboratory for the measurement of environmental isotopes in natural waters was

consolidated. It is at present being used by various institutions, such as the CChEN, the

General Water Directorate and ENDESA. The emphasis of the work that is being

conducted at the laboratory is directed at studies of ground water contamination,

groundwater resources evaluation and leakage from lakes and reservoirs.

Environmental isotope techniques were fundamental for a better comprehension of the

hydrological systems of the Chilean desert areas, especially in the Province of Iquique.

Following these activities, conducted under technical co-operation project CHI/8/013,

the General Water Directorate and the CChEN undertook more detailed studies under

Agency research contracts, particularly on isotope hydrology of the Salar de Llamara

area, and on evaporation in the Bellavista Salt Mine, and on contamination in the San

Jose River (Azapa Valley, I Region). These studies resulted in a better understanding

of some issues identified during previous research work, including floods and infiltration

in the Pampa region, evaporation in salt mines, and snow measurements in the Andes.

Artificial radioactive tracer techniques were also introduced to measure the dispersion

of liquid waste in the sea. As a side effect, and taking advantage of the knowledge

\
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obtained during the evaluation of environmental impact and marine contamination,

the Chilean legislation on this subject was improved.

A sound technology for the study of seepage in lakes and reservoirs, using tracer and

conventional techniques, was transferred to the National Electricity Company (ENDESA)

and to the CChEN. Adequate field and laboratory equipment, as well as radioactive

isotopes were supplied. A better knowledge was obtained of leaks both in El Colorado

dam and in Lake Laja. The staff who were trained through the project are still

conducting studies on rivers and reservoirs.

CChEN staff who work with nuclear techniques in metallurgy and industry have

developed a simple system for in-line process control to be used in the processing of

ores.

Radioactive tracer techniques were introduced to determine operational plant

parameters and experimental daia processing in mining and industry, as well as to

optimize ore concentration processes.

Radioactive tracer techniques and mathematical models are being used to study the

flow of water or leaching solutions through porous medic with the main objective of

optimizing in situ lixiviation work for recovering copper from copper dumps at the

Chuquicamata mine.

The mass spectrometer was repaired and modernized with the installation of the

computer-controlled data acquisition system. Nevertheless, the performance should

be improved by changing the small source magnet assembly, and a thorough

cleaning of the disassembled ion source should be undertaken. The equipment is also

being used for nutrition studies that use deuterium as the tracer.
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NUCLEAR SAFETY

In the area of regulatory assessment of safety analysis reports, the Agency's assistance

has been timely and efficient. Although there has been some personnel turnover, a

reduced core of well prepared staff is able to undertake the assigned duties, except

for the areas of meteorology and civil engineering where no personnel exists. Plans to

apply the probabilistic safety assessment methodology are under way and the

activities will include the participation of the operation staff of the La Reina and the Lo

Aguirre reactors. Enough authority has been delegated to the Regulatory Unit and

direct communication between the Unit's Head and the Executive Director of CChEN

has been established. At present, the licensing of a conversion plant at the Lo Aguirre

nuclear centre is being undertaken. Emergency plan exercises have taken place at

La Reina, and the unit receives technical support from an analysis group located in

that centre. It seems convenient that, in order to further their qualifications some of the

staff should take courses in nuclear engineering, perhaps in Argentina, since such

courses are not offered in the local universities.

It is considered that the Agency's assistance in establishing a telemetered

seismographic network in Chile has not only helped in the study of the country's

seismology but has also facilitated access to other financing sources and prompted

scientific exchange with other countries. Four new stations will be purchased and

approval of a budget for the operation and maintenance of the network, not included

as part of the University of Chile budget, is being sought.

The enactment of legislation for the navigation of nuclear-propelled ships and the sea

transport of radioactive materials has made it necessary for the General Directorate

for Maritime Territories and the Merchant Navy (DIRECTEMAR) to develop the capability

for verifying compliance with the regulations. The equipment required is not available;

however, in view of the fact that some equipment is readily available at some CChEN

facilities, it is possible that an agreement for co-operation between both institutions will

be signed, including further training of DlRECTEMAR's personnel. No use was made of

the fellowships granted by the Agency, and the report of an expert who undertook a

one-week mission in 1987 never reached Chile.

\ II'
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A unit of radioactive waste management has been established within the Department

of Nuclear and Radiological Safety. This unit is in charge of waste characterization,

engineered barriers, and site characterization, among other functions. It is manned by

six professional staff members and one technician. Alpha spectrometry activities have

been temporarily suspended due to problems with a survey barrier detector (received

through the Agency). Effluents from the research work on uranium hydrometallurgy

have been stored in an ad-hoc facility until they are neutralized in another installation

which is being built for that purpose. Four experts assisted in the project and their work

contributed substantially to the planning and identification of relevant activities.

A facility for waste treatment is being built at Lo Aguirre, the engineering design of a

cementation plant which is part of the facility has been completed and the contract

for construction is expected to be granted soon. This part of the facility is expected to

be completed in February 1992. A small storage facility at La Reina has been

thoroughly organized so that information about the activity, location and composition

of low level waste package in the facility is readily available. Only rough estimates of

the volume of generated waste are known and the storage facility at Lo Aguirre will

have a modular design that permits enlargement when required. This facility will store

wastes for periods of less than ten years. Some standards have been drafted,

including one for containers and a general one for radioactive waste treatment. All

of the Agency-supplied equipment has been received, except for an analog digital

converter. Training and experts have been particularly useful.

The Radiation Medicine Service of the La Reina Nuclear Centre is the only national

resource with the capability to evaluate and prescribe corrective action in cases of

radioactive contamination. Through the Agency's assistance, it has become better

established as a national resource, with capabilities to assay and evaluate cases of

internal contamination with alpha, beta, and gamma emitters. Analytical methods

were improved, personnel were trained, and local support was increased in the form

of facilities, space and equipment. A programme of collaboration was established

between the Radiation Medicine Service and a similar institute in Belgium. Co-

ordinated research experiments on the use of chromosome damage to estimate

absorbed dose are in progress and are expected to lead to a joint publication.
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An environmental radiation measurements programme at the CChEN provides data for

the scientific evaluation of local and global patterns of radiation contamination. Also,

radiation exposure of workers and the public is to be controlled at safe levels. This

programme was evaluated and activities were expanded or curtailed as appropriate.

It now includes foodstuffs and potential local sources of contamination, such as hot

springs and mine tailings.

The Agency provided advice and support for the development of a national policy,

written regulations, and the administrative organization to control radiation exposure.

In addition, organizational changes were made at the counterpart institution, CChEN,

to separate the Department of Licensing and Inspection from the Department of

Nuclear Services, in order to avoid self-regulation.

A national emergency plan for radiation accidents is in place, including guidelines,

lists of resources, and contacts. The plan was activated in September 1991, when an

industrial radiography Cs-137 source (8 mCi) was stolen from a truck. The source was

recovered within a few days.

The CChEN is producing radon detectors of two types: activated charcoal detectors,

and nuclear track detectors. These are being used in a systematic program to

evaluate radon levels in buildings throughout the country.

The CChEN maintains licenses for 50 installations in "category 1 " (high levels of radiation

risk), including approximately 15 medical installations. An attempt is made to visit each

licensee once per year by means of two inspectors who are full time in the field, and

several others who may go into the field, as needed. The organized inspection

programme has been in place for five months, and has not yet imposed any fines or

sanctions.

\
j

Z 1

Two committees are in place, one meeting weekly, and the other meeting monthly, to

review and establish a set of joint radiation protection standards, intended to be

adopted by both the Ministry of Health and CChEN. The standards currently being

prepared will address licensing, radiation protection, and waste management. In the

future, the same committees will address standards for transportation of radioactive

material, and security of nuclear installations.
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The CChEN is active in training personnel in radiation safety from other institutions. The

national central agency for large scale emergencies is ONEMI. and at least two

persons from ONEMI have been formally trained by CChEN. A total of eight persons

have been trained through the Agency's fellowship programme, and all are still

working at their respective institutions.

All equipment is in place and efficiently used. This includes various radiation detectors,

spectrometers, associated electronics, sample collection equipment, and optical

equipment.

The CChEN provides dosimetry services to radiation workers throughout the country.

Through the Agency's technical co-operation programme, the technology of TLD-based

personal dosimetry was reviewed and refined, including various methods of preparing,

calibrating, and reading the detectors. The level of the services provided has

improved, in particular through personnel training and the provision of equipment. An

automatic sample changing TLD reader valued at $44 000 was obtained as part of the

project. This equipment, however, has not been able to maintain calibration, and all

possible avenues are being explored by the counterpart to bring this instrument into

reliable service.

4^

1

The counterpart has worked for the Agency as a technical cooperation expert.

Participants from eleven different Latin American countries attended a one-week course

hosted by the counterpart institution in March 1991 under the auspices of ARCAL. At

the end of 1991 a professional from a Latin American country is scheduled to come for

one month of training at the counterpart institution.

78

i. I



- ТЕГ.

> * ^ П < 1 ^

\

IV.

CONCLUSIONS AND FINDINGS

The mission was favourably impressed by the successes achieved under the Agency's

technical co-operation programme with Chile, and also by the enthusiasm and the ambition that

characterize much of what is being done at present in the nuclear sector in the country. It was

able to examine nuclear science activities of a high scientific standard being carried out in

research institutes and universities, in addition to very practical examples of nuclear applications,

particularly in agriculture and medicine. Th,- effort is in general well supported by national

priorities and programmes, and this support, together with the Agency's assistance, has played

a major role in the achievement of results under this programme.

In this section of the report, an attempt is made to assess the effectiveness of the Agency's

co-operation with Chile during the period under review, as well as the impact, achievements and

constraints that are affecting the programme, and the extent to which this co-operation has

catalysed the transfer of self-sustaining technology and the development of manpower capability

for the peaceful uses of atomic energy.

The following general observations can be made:

Adequate radiological protection procedures were observed during all the field and

laboratory activities.

The training provided through the Agency's fellowship and scientific visit programmes

proved to be beneficial.

- 7 9 -

i



It was observed that those who were trained have the capability to pass on their

knowledge to others in Chile. Even some of those who have left their home institute are

still collaborating with their former employers as private consultants.

It may be concluded that the Agency's support to Chile during the last ten years, as seen

through the projects evaluated here, was instrumental in the development of peaceful

applications of nuclear energy in that country.

This goal could not have been achieved without the serious and dedicated work of the

CChEN staff. The good administration provided by the CChEN has played a major role

in the efficient channelling of Agency assistance: the CChEN deals with all aspects of the

Agency's programme, such as the co-ordination of project applications with the various

other national institutions involved in the programme, the ordering and receipt of

equipment and the organization of expert visits. The arrangements work extremely well

in most cases, and bureaucracy appears to be less severe in Chile than in other Latin

American countries. Also, common constraints that are normally found in other countries,

such as insufficient counterpart commitment or lack of continuity of trained personnel, are

less acute in Chile.

1

in the general atomic energy development sector, the Agency's assistance is considered

to have been appropriate and to have contributed to the implementation of a regulatory unit

within CChEN, which demonstrates the country's commitment to safety. On the other hand,

CChEN's involvement with regard to small- and medium-size power reactors was almost

perfunctory and could not result in any significant advance in this field.

Projects approved in the nuclear physics and chemistry sector during the period under

review may be grouped into projects aimed at establishing adequate facilities and training

qualified personnel to provide services, and into projects directed towards basic nuclear physics

and nuclear chemistry research. A large part of these activities were motivated by the presence

of the 5-MW research reactor at the La Reina Nuclear Centre.

In projects related to the provision of services, the major achievements have been:

The establishment of an internationally known metrology laboratory;

The establishment of an internationally known group in neutron activation and

trace element analysis activities,-
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The implementation of a rather complete sot of nuclear analytical techniques such

as:

Neutron activation analysis.

X-ray fluorescence.

Inductively-coupled plasma atomic emission spectrometry.

Trace element analysis (utilization of clean rooms);

The implementation of a personnel dosimetry laboratory,

An active radiopharmaceutical development group.

\

Two projects related to basic research helped to set up:

Neutron diffraction facilities at the 5-MW research reactor; ana

Mõssbauer spectroscopy techniques as a tool in the solution of basic problems in

solid state physics, chemistry and metallurgy.

in all of these projects, the Agency contributed to the establishment of the necessary

facilities and to the training of qualified personnel

The impact of these activities has been great, not only for Chile, but also for the region.

A number of the qualified staff participate in regional, ARCAL-sponsored activities. Although a

large proportion of the Agency's approved projects has involved CChEN personnel, the benefits

have been extended to other Chilean institutions, such as universities, through training, co-

operative efforts and services.

1 With regard to the nuclear raw materials sector, the Agency's assistance contributed to

the establishment at the CChEN of the necessary infrastructure for uranium exploration:

laboratories were set up, equipment was provided, and staff were trained in the various

techniques used for the exploration of radioactive minerals. As a result, valuable information was

obtained on the geology of uranium in Chile. This information has been transmitted to the

National Geology and Mines Service and is available to public and private institutions.

One of the greater impacts of prospecting activities in Chile was the discovery, through

the application of radiometric techniques during project implementation, of a phosphorite

deposit, which is now being exploited by a private enterprise on a commercial basis.

Most of the personnel trained under the projects have left the CChEN, but are now working

in universities or private enterprises in Chile. For example, a group of professionals, who used to
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work at the CChEN. have set up a geophysical service company which has national and

international reputation.

Through the Agency's assistance, facilities for solvent extraction and ion exchange studies

were set up at the Lo Aguirre Nuclear Centre and staff were trained in these procedures. These

facilities were used for purifying raw uranium from the Chuquicamata Pilot Plant and to determine

the uranium content of the copper-leach solutions; to produce yellow-cake with nuclear purity at

the laboratory scale, as well as a controlled precipitation of yellow-cake; and to obtain

concentrate with suitable granulometry for the production of pellets.

Other achievements in this sector are related to the establishment of a reliable technique

to analyse the uranium content in geological samples (delayed neutron counting technique) and

to set up a facility (an inductively coupled plasma atomic emission spectrometer, ICP-AES) to

measure trace impurities in nuclear grade uranium compounds.

The Agency's assistance has been extremely valuable in providing the necessary support

both for equipment and for the training of the personnel. The group associated with the ICP-AES

unit collaborates with Chilean university scientists and also with other regional scientists.

The Agency's contribution to the nuclear engineering and technology sector has been

equally significant. Projects related to computer services and nuclear electronics instrumentation

were essential to establish a nuclear instrumentation maintenance and repair service and to

specialize some of the technical personnel at the CChEN in the area of microprocessors.

The Agency's assistance was instrumental in the training of staff in fuel fabrication

techniques. This is an important activity for the CChEN, since present projections indicate that new

fuel elements will be needed after 1996. As a result, the repair of fuel elements consisting of the

whole core of the Lo Aguirre research reactor has been satisfactorily completed, and work on

a burn-up determination facility is proceeding. Another positive result of the Agency's research

reactor activities in Chile is that staff of the laboratory for corrosion studies has been able to

prescribe water chemistry specifications to halt the corrosion experienced in some structural parts

of the La Reina reactor facility.

Timely assistance was provided by the Agency in the approach to criticality of the La

Reina reactor with medium enriched uranium fuel. Routine reactivity measurements, as required

by the operating procedures, have since been performed. The facility has also served
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educational purposes exemplified by its use in an ARCAL V course on research reactor

parameter determination.

The impact of the Agency's activities with regard to the application of nuclear techniques

in agriculture has been significant in several sub-sectors, not only with regard to the

establishment of various laboratories and the training of local staff, but also because of the

scientific results obtained.

In activities related to soil fertility and plant nutrition, the Agency's assistance

contributed to incorporating nuclear techniques using P-32 into soil-plant-fertilizer relationship

studies. Quantitative information was obtained on phosphate retention by volcanic soils, and on

the relative availability of several P sourcos. Information was also obtained on the required

acidulation and fineness of a northern Chilean rock phosphate to be used as a fertilizer, which

is of obvious economic importance, since Chile imports the totality of its P fertilizer. The fact that

a P fertilizer source evaluation was conducted at field level further ensures the applicability of the

findings. Also, the quantification of direct and residual effects of P fertilization with triple

superphosphate and rock phosphate was obtained for different cropping systems in three

agricultural regions of Chile. The use of P-32 techniques to characterize root activities and

distribution on clover and fruit trees was instrumental to adjust recommendations concerning

fertilizer placement for these crops.

Another set of important results of the Agency's assistance in the area of soil fertility and

plant nutrition relates to the use of N-15 in some important practical soil and/or N fertilizer

management aspects. In particular, the relative efficiency of various N fertilizer sources for

different wheat varieties in different agricultural regions was determined. Further, the rate and

time of N application for fruit trees was adjusted, based on the results of studies with N-15 related

to N absorption patterns in peaches. Also, original information was obtained on methodological

aspects related to composite leaf sampling and destructive whole tree sampling.

With regard to animal production activities, the Agency's assistance contributed to setting

up laboratory facilities at the University of Valdivia, and to training staff in the use of

radioimmunoassay (RIA) methods to determine the causes of reproductive failure in dairy cattle.

These facilities are being used not only to train undergraduate and postgraduate veterinarian

students, regional training course participants, and Agency fellows, but they are also used by

private veterinarian and dairy co-operatives. In addition, staff of the laboratory provide services

to individual farmers and to the Ministry of Agriculture's extension service. All this indicates that
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Agency assistance has contributed significantly to the establishment of a centre of excellence

in Latin America for teaching and studying animal reproduction.

Through the Agency's assistance it was possible, by applying RIA techniques to study the

reproductive physiology of wild animals, to learn more about the reproductive behaviour of the

vicufias under captivity. In particular, plasmatic concentration profiles of reproductive hormones

were obtained on both the male and the female, and correlated with behaviour and seasonal

variations. Facilities for handling vicunas at the Lauca National Park are now available and

methods for anaesthetizing, catheterizing and blood sampling the animals, and examining their

ovarian structures through laparoscopy are well established. The technical information derived

from the research conducted is being published both at the national and at the international

level, and a video on the behaviour of the vicuna was recently prepared, thus offering an

efficient mechanism of public dissemination of the existing knowledge.

In the area of nuclear medicine, all of the counterpart institutions that have participated

in projects currently have, or will have, a modern SPECT system, access to reliable, high quality

radiopharmaceuticals, and well trained staff (if limited in number). Nuclear medicine technology

is rather expensive, and restricted funds result in a mixture of old and new equipment being used

and a limited number of studies being performed. However, studies performed on the newer

equipment are technologically advanced and of excellent quality.

Through the Agency's assistance it was possible to install, at the Neurosurgery Institute, a

GE StarCam system, which is now producing clinical studies of the brain, kidney, and vascular

system, including very good quality SPECT studies of the brain and other organs.

The Agency's collaboration with Chile further contributed to increasing the expertise of the

J.J. Aguirre Hospital in computer applications. A programme of computer-aided gamma camera

quality control is in place and is used to ensure the optimum performance of existing equipment.

Software has been developed and applied in several computer-aided studies.

In the radiopharmaceutical area, a very active group has strongly benefitted from the

Agency's assistance. It has been able to refine and improve techniques for separating, handling,

and labelling blood cells with stannous reducing agents, including red cells, white cells, and

platelets using Tc-99m-labelled HMPAO, In addition, staff acquired practice in the utilization of

techniques for labelling biologically significant proteins (bifunctional chelating agents) and of
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autoradiographic techniques for the evaluation of the biodistribution of new

radiopharmaceuticals.

The radiopharmaceutical development group is very successfully reproducing a number

of newly developed radiopharmaceuticals which are being released by commercial

radiopharmaceutical companies. This is indicative of the level of expertise reached by this

group. The local product is of excellent quality, and will have a significant impact on the

practice of nuclear medicine. Patient images from these locally-produced Pharmaceuticals are

of equal or better quality than images produced from the commercially distributed

Pharmaceuticals in North America. The supply of radiopharmaceuticals is a partlculalry

noteworthy achievement in view of the quality, reasonable price, and variety of the newest

Pharmaceuticals available. This should be compared to other Latin American countries where

the supply of radiopharmaceuticals is unreliable, subject to delay, and expensive.

The availability of trained service engineers, computer programmers, medical physicists,

and equipment spare parts is perhaps better than in other Latin American countries, but still weak

and substandard when compared with the level of sophistication achieved in equipment,

physician training and availability of Pharmaceuticals.

1

With regard to the application of nuclear techniques in industry and hydrology, the

Agency's contribution has been instrumental in the establishment of a local capability in this

sector. Environmental isotope techniques were introduced and isotopic and geochemical data

were interpreted. This was fundamental for a better comprehension of the hydrological systems

of the Chilean desert areas, especially in the Province of iquique. As a result, the CChEN and the

General Water Directorate were able to undertake more detailed studies on isotope hydrology

and on evaporation in different parts of the country, which contributed to a better understanding

of some specific issues, such as floods and infiltration in the Pampa region, evaporation in salt

mines, and snow measurements in the Andes.

Through the Agency's assistance, the technology for the study of seepage in lakes and

reservoirs, using tracer and conventional techniques, was transferred to the National Electricity

Company (ENDESAj and to the CChEN. As a result, Chileans have more experience with regard

to leaks in El Colorado dike and about the seepage in Lake Laja.

Radioactive tracer techniques are being used to determine operational plant parameters

and for experimental data processing in mining and industry, as well as to optimize ore
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concentration processes. Such techniques are also being used in the mining industry to study the

flow of water or leaching solutions through porous media, with the objective of optimizing in situ

lixiviation work for recovering copper from copper dumps at the Chuquicamata mine.

Radioactive tracer techniques were also used to measure the dispersion of liquid waste in the

sea. As a side effect, and taking advantage of the knowledge obtained during the evaluation

of environmental impact and marine contamination studies, the Chilean legislation on this subject

was improved.

The Agency's assistance in the nuclear safety sector has been instrumental in improving

safety in several sectors that deal with nuclear energy in the country. In the area of regulatory

assessment of safety analysis reports, for example, the Agency's assistance was timely and

efficient, and resulted in the establishment of a small group of well trained staff. The Regulatory

Unit has sufficient authority and there is direct communication between the Unit's Head and the

Executive Director of the CChEN.

The Agency's assistance in establishing a telemetered seismographic network in Chile has

not only helped in the study of the country's seismology but has also facilitated access to other

financial sources and prompted scientific exchange with other countries.

1

A Radioactive Waste Management Unit has been established within the Department of

Nuclear and Radiological Safety at the La Reina Nuclear Centre. This unit is responsible for waste

characterization, engineered barriers, and site characterization. Effluents from the research work

on uranium hydrometallurgy have been stored in an ad-hoc facility until they can be neutralized

in another installation which is being built for that purpose. In addition, a facility for waste

treatment is being built at Lo Aguirre. The engineering design of the cementation plant has been

completed and the contract for construction is expected to be granted soon. This part of the

facility is expected to be completed in February 1992.

Through the Agency's assistance, the Radiation Medicine Service of the La Reina Nuclear

Centre, the only national resource with the capability to take corrective action in cases of

radioactive contamination, has become better established and has developed the capability

to assay and evaluate cases of internal contamination with alpha, beta, and gamma emitters.

An environmental radiation measurements programme at the CChEN provides data for the

scientific evaluation of local and global patterns of radiation contamination, including foodstuffs

and potential locoi sources of contamination, such as hot springs and mine tailings. A national

policy, written regulations, and the administrative organization to control radiation exposure have
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been developed, and organizational changes have been made at the counterpart institution,

CChEN, to separate the Department of Licencing and Inspection from the Department of Nuclear

Services, in order to avoid self-regulation.

A national emergency plan for radiation accidents is in place, including guidelines, lists

of resources, and contacts. The plan was activated in September 1991, when an industrial

radiography Cs-137 source (8 mCi) was stolen from a truck. The source was recovered within a

few days.

Another result of the collaboration with the Agency is CChEN's capability to produce two

types of radon detectors: activated charcoal detectors, and nuclear track detectors. These are

being used in a systematic programme to evaluate radon levels in buildings throughout the

country.

The CChEN provides dosimetry services to radiation workers throughout the country.

Through the Agency's technical co-operation programme, the technology of TLD-based personal

dosimetry was reviewed and refined, including various methods of preparing, calibrating, and

reading the detectors. The levei of the services provided has improved, in particular through

personnel training and the provision of equipment.

Constraints affecting the programme

Despite the numerous achievements listed above, a number of constraints were identified

that are affecting the programme and may be restricting the full utilization of the Agency's

assistance. Some of these are noted below.

Basic research activities in the nuclear physics and chemistry sector, specifically in

neutron scattering experiments, are non-existent. The neutron diffractometers located at the 5-MW

research reactor at the La Reina Nuclear Centre are practically not in use. This has been the

situation since early 1982, when, in a sudden decision, the CChEN administration at the time

terminated the services of three experienced physicists involved in this project.

The Agency's cooperation with Chile in the agricultural sector has in general met with

few problems. However, some existing and some potential problems should be mentioned:

к
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Some of the counterpart institutions at times have to request the Agency to purchase small

items of equipment or materials (glassware, pipettes, chemicals, or refrigerators) that do

not cost large amounts of money, but cannot be purchased locally. Also, often some

institutions are not in a position to buy a vehicle, or radioactive or labelled materials. This

may result in the reduced capability of such institutions to function effectively and to

develop research activities or provide services.

There seems to be a potential risk of losing trained personnel because of low salaries at

some public institutions, even though the situation is far less severe than in other countries.

The training possibilities for CChEN personnel are restricted to non-degree training, such

as short courses, in-service training, and workshops. Chile is undergoing rapid economic

growth, and has a leading position in Latin America in terms of the application of

technology for exporting food, and therefore the continuous scientific and technological

development of staff is vital. Consequently, efforts should be made, whenever possible,

to enlarge the scientific basis of professionals.

In nuclear medicine, given that the JJ. Aguirre Hospital of the University of Chile is the

main teaching hospital for nuclear medicine in the country, the lack of an up-to-date camera

with modern performance standards has been a hindrance. This constraint is being addressed

by the currently operational project CHl/6/011. which includes a new gamma camera with SPECT

capabilities and an associated computer. At the Institute of Neurosurgery the technical staff

consists mostly of auxiliary personnel with only one trained technologist. This is below the staffing

level required, and also below the staffing levels encountered at other institutions in the country.

Although the radiopharmaceutical development group has been quite successful,

routinely produced radiopharmaceuticals do not always satisfy the needs of local nuclear

medicine departments. Some hospitals feel that the daily delivery schedule is timely and reliable,

while other hospitals feel that deliveries are slow and not available when needed. There are

concerns about the quality of some of the most commonly used radiopharmaceutical kits.

In the nuclear safety area, mention should be made of the existing inherent weakness

in the assignment of authority for radiation protection. In 1988, CChEN was given the authority

to licence and regulate installations that fall into category 1. In turn, the Ministry of Health

retained authority to licence and regulate installations that fall into categories 2 and 3. In

general, category 1 includes higher levels of radiation and higher risk than category 2 and 3

installations. The involvement of two regulatory agencies is likely to lead to a duplication of

efforts, to a lack of agreement between the agencies, and to confusion on the part of the
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regulated institutions (for example, an institution may have equipment that falls in all three

categories). The distinction in responsibility becomes further blurred by the fact that the Ministry

of Health considers itself responsible for the quality control of category 1 installations, even though

it does not regulate them.

1
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V.

RECOMMENDATIONS

On the basis of its findings and conclusions, the evaluation team prepared a list of

recommendations which seek to contribute to the alleviation of the constraints identified during

the mission on the one hand, and on the other to suggest ways to maintain and. where

necessary, increase the level of national support provided to activities that have received or are

receiving Agency assistance; to maintain and upgrade the level of training provided through the

Agency's assistance; to ensure the sustainability of such Agency-supported activities; and to

ensure that these activities continue to be in line with national priorities concerning lhe peaceful

applications of nuclear energy.

GENERAL

The CChEN should encourage the publication of papers compiling the results of itw own

research, with a view to introducing other institutions in Chile, and in other Latin American

countries, to the research work that is conducted by the CChEN staff. This would lead to

more awareness at the national and at the international level of the country's capabilities

in the area of nuclear energy.

The CChEN should support and encourage individuals who wish to continue their higher

education with the purpose of obtaining an M.Sc. or a Ph.D. degree.
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The time reauired from the moment that a project idea is conceived until the project is

approved by the Agency and implementation is started, could be up to four years.

Certain projects must be initiated and implemented in a shorter time, and therefore a

mechanism should be established that would allow the reduction of this time-spGn.

1
5.

Communication, or rather the lack of it, is an issue that at times has represented a serious

constraint during the implementation of project activities. It is therefore imperative that

ways and means be found to improve communication at different levels, be it between

scientists within the recipient country, between project counterparts and Agency staff, or

between counterparts and Agency experts. It is suggested, for example, that direct

communication between the Agency's staff and 4he project counterpart (or contract

holder) be encouraged. Another helpful step would be to encourage experts to send the

counterpart, on an informal basis, a copy of their final report, as this would avoid

unnecessary delays that may be caused by translation. It is also suggested that

counterparts and experts communicate directly on technical issues, both prior to the start

of an expert mission, and following the mission. In this last regard, the Agency should take

steps to ensure, as much as possible, the availability of those former experts that are

already retired or that are expected to retire shortly after the mission, so as to enable

continued communication with the counterparts when the mission is completed. Direct

and early communication might also prove useful between institutions which host Agency

fellows and the fellows themselves. This would be important, for example, to establish and

agree upon the training requirements of the fellow and the work plan that will be used

during the fellowship.

It is urged that, whenever equipment is supplied by the Agency under its technical co-

operation and research contract programmes, the technical information concerning the

equipment be specified in advance to the recipient institution. This would avoid problems

such as incompatibility with the electric supply and the lack of operating manuals, which

the vendors judge not to be necessary.
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PROGRAMME SPECIFIC

GENERAL ATOMC ENERGY DEVELOPMENT

6. The Regulatory Unit of the CChEN is in need of additional personnel trained in the conduct

of inspections. Additional staff should therefore be recruited and trained. Lack of

qualified personnel in the areas of civil engineering and meteorology could be

temporarily circumvented by securing the assistance of other Chilean organizations

(universities, research institutes) and of private consultants. Decisions regarding the

permanent assignment of personnel ю these areas should be based on the frequency

and extent of existing requirements. The Unit's activities are of the utmost importance and

should continue to be strongly supported by the CChEN.

7. At present, only a small effort is required for the CChEN to integrate safety analysis reports

into single documents. Correspondingly, the licences issued up to now should be based

on the safety evaluation report written for each facility and the licence should be

appended to the Technical Specifications for Operation.

4V

1

8. With regard to power reactors, it is recommended that a small group (2 or 3 persons) be

assigned the task of keeping abreast of the developments in the area of power reactors

of advanced design, including those of relatively low power and passive safety features.

This would allow for an active participation of CChEN, should the present energy policy

be changed.

NUCLEAR PHYSICS AND CHEMISTRY

9. In this sector, almost all of CChEN's present activities are service-related activities. Some

basic research activities are urgently needed to avoid that CChEN personnel become

"technicians". This may be overcome by encouraging the establishment of research

teanr'5 with scientific personnel from the CChEN and from Chilean universities that could

take ^.i the study of original projects using facilities available at the CChEN, as well as in

the universities. For this to work, strong guidance and encouragement are required from

the administration of the CChEN.
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NUCLEAR ENGINEERING AND TECHNOLOGY

10. The low utilization of research reactors is a concern not only in Chile but also in other Latin

American Member States. It is recommended that the Agency assist in alleviating this

situation by encouraging the organization of seminars and meetings with the participation

of speakers from organizations where efficient use is made of such facilities.

11. In order to increase the CChEN's capabilities in the field of reactor physics calculations,

it is rocommended that studies in fuel management be undertaken. This effort should be

linked to the project for the experimental determination of fuel burn-up. In this manner,

a practical validation of the computer codes now in use could be achieved.

12. The systematic investigation of the potential market for radioisotopes to be produced by

CChEN should be continued. In particular, given the relatively large investment that the

production of Mo-99 as a fission product would imply, the anticipated national demand

should be estimated as precisely as possible, and the possibilities for exportation should

be explored.

NUCLEAR RAW MATERIALS

13. Despite the present national and international lack of concern with regard to uranium

prospecting and exploitation, the infrastructure (personnel and equipment) achieved by

CChEN in this field with the Agency's assistance should be preserved and in some cases

updated. However, this will be dependent upon a national decision regarding a national

nuclear power programme for the generation of electricity.

14. One specific area which should be updated is the geological-geochemical-radiometric

data base. This would allow the full utilization of the enoimous geological-geochemical

and metallogenetic information available in computer files. The CChEN has neither the

hardware, the software, nor the trained personne! ю handle this information in an

adequate manner. This updating would creale an infrastructure which would allow

access to data bases in universities and other institutions that have large amounts of

analytical geological information. These procedures would integrate the national efforts

for the development of the country's mineral resources, including uranium.
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NUClfAR TECHNIQUES IN AGRICULTURE

Animal production

15. In general terms, the Agency's technical co-operation programme in Chile during this ten-

year period has been very positive and many good results have been achieved. The

evaluation team believes that Chile's experience could be put to use for the benefit of the

entire region and that Chile could become a regional centre, where selected regional

activities could be carried out with the Agency's support. Such activities could include

both training and research conducted on a network basis. This approach could already

be taken in two areas, namely:

Nuclear techniques in animal production and health, and

Nuclear techniques in crop production (soil-plant-water-fertilizer relationships).

16. Continuous support should be provided to the recently initiated project concerned with

the eradication of the Mediterranean fruit fly, since this project is related to one of the

cojntry's most important activities in the agricultural sector. It is expected that, upon

completion, activities implemented through this project will show a positive rate of return

in relation to the investment made.

17. With regard to soil fertility and plant nutrition, the Agency should continue to provide

assistance as planned. Particular emphasis should be placed on the project which is

being conducted by both INIA and the CChEN. The participation of INIA in this work is

essential as it will eventually lead to activities at the field level in different cropping

systems and regions of Chile.

18. As indicated in this report, the research conducted until now on vicunas and other

camelids was aimed at characterizing the reproductive cycle of these animals, with a

view to improving management practices and reducing their risk of extinction.

Furthermore, the research conducted has become all the more important in view of the

commercial value of the vicuna's fiber, and should therefore be continued. Under this

broad research umbrella, nuclear techniques for measuring nutritive and/or physiological

parameters might prove useful. The Agency should thus provide support to a

national/regional programme on animal production, which will involve the simultaneous

study of the various factors determining production (health, nutrition and physiology).
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19. Radioimmunoassay (RIA) techniques are being used for reproductive physiology studies

on other camelids besides the v; jurïa, and on other species, such as bovines and goats.

Despite the already existing capability to conduct this work, the Agency should continue

to give technical support and, within the framework of existing possibilities, should

continue to supply the specific reagents and kits that are developed at the Agency's

Laboratories in Seibersdorf.

20. Some of the institutes that receive Agency assistance sometimes request the Agency to

purchase small items of equipment or materials which do not cost large amounts of

money, but cannot be purchased using local currency. Such is the case of glassware,

pipettes, chemicals or electrical appliances, like refrigerators. Some of these institutes are

also unable to buy radioactive or labelled materials. This situation reduces the capacity

of the institution to operate effectively and to fully develop research or services in the

absence of foreign assistance. The evaluation team is aware of the problems that may

be at the outset of such a situation, but it is nevertheless of the opinion that special efforts

should be made within the affected institutions to ensure that such purchases can in future

be made out of their allocated budget, as their counterpart contribution to the Agency's

technical co-operation programme.

4V
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21. There seems to be a potential risk of significant loss of trained personnel because of low

salaries in some institutions. Some mechanism should be worked out to avoid brain drain

and to keep the high level of technical skill that has been developed by the country.

22. The training possibilities for CChEN staff appear to be restricted to non-degree training,

i.e. short courses, in-service training workshops, etc. Chile being a country that is

undergoing rapid economic growth and has a leading position in Latin America,

particularly with regard to the development and the application of technology for

exporting foodstuffs, it is important that the continuous scientific and technological

progress of its staff be supported, and that efforts be made to enlarge the scientific basis

of skilled professionals.

NUClfAR MEDICINE

23. A voluntary accreditation programme that would be available to individual nuclear

medicine departments should be established. In addition to the radiation safety
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regulations imposed by Government agencies, it is useful for the nuclear medicine

community to establish "standards of practice" for itself in an "accreditation programme".

These standards usually include requirements for personnel training, continuing education,

quality control of equipment, quality control of Pharmaceuticals, availability of resources

inside and outside the nuclear medicine clinic, indications for appropriateness of specific

nuclear studies, etc. Hospitals and clinics could participate in the programme on a

voluntary basis and, upon request, an inspector could come from outside the institution

to review the nuclear medicine service, if merited, a certificate of accreditation would

be granted. The programme could be sponsored by regional professional organizations,

such as the Latin American Association of Biology and Nuclear Medicine Societies

(ALASBIMN) and might also include sponsorship by the Ministry of Health and the CChEN.

24. The new medical physicist planned for next year at the J.J. Aguirre Hospital should be

specifically trained in the operation of the GE StarCam system, and in the use of available

software development tools, in order to be able to more easily translate existing clinical

software from the Gamma-11 system to the new Star II system.

25. The J.J. Aguirre Hospital has developed a high level of computer implementation in

diagnostic nuclear medicine studies, including a large amount of clinical software running

on their Gamma-11 system. The transition from the existing Gamma-11 system to the new

Star II computer system, which will arrive under CHI/6/011, will be difficult and time

consuming. The counterpart institution has made an important contribution to expedite

the transition by committing to fund a position for a nuclear medicine physicist. Support

from the Agency to facilitate this transition could be very significant.

26. Counterpart staff at the J.J. Aguirre Hospital have submitted a proposal for a research

contract to evaluate myocardial perfusion using SPECT and the new Tc-99m-labelled

imaging agents. The proposed contract, which co-ordinates well with the capabilities of

the counterpart staff and with new equipment expected to arrive under project CHI/6/011.

should be supported. It is noted that, based on previously submitted proposals for

research contracts, counterparts have the impression that individual research contracts

are only supported if they fall within an Agency-sponsored co-ordinated research

programme. This should not be an imposed limitation, and proposals should also be

approved outside of co-ordinated research programmes, if the proposal has merit.
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27. The assistance of a physicist or engineer is highly recommended at the Institute of

Neurosurgery for support in programming the computer, maintaining an optimum system

performance, and overseeing quality control.

28. Support for the single technologist at the Institute of Neurosurgery should be maintained

and increased if possible. For example, she should be given a competitive salary to

prevent her from leaving.

29. If the counterpart hospital can identify a medical physicist or an engineering support

person, the Agency should support the training of this person.

30. The current levels of local support for personnel, facilities and operating budget for the

radiopharmaceutical development group at the La Reina Nuclear Centre should be

maintained and increased.

NUCLEAR TECHNIQUES IN INDUSTRY AND HYDROLOGY

31. The peaks of the mass spectrometer should be improved by changing the small source

magnet assembly, and by thoroughly cleaning the disassembled ion source.

32. Staff from CChEN and also from other institutions, such as universities, the General Water

Directorate, and ENDESA, should be trained in the area of environmental contamination,

with emphasis on ground wate contamination and on the interpretation of the results.

33. The capability for the measurement of H-3 and C-14 at the Laboratory of Environmental

Isotopes at La Reina Nuclear Centre should be recovered.

34. It is suggested to the CChEN to recruit at least one hydrologist with background in nuclear

techniques in hydrology or, alternatively, to have personnel of CChEN undergo training

in this field, in order to replace people who have left the CChEN.

35. Personnel should be trained, mainly through scientific visits, in the area of application of

XRF techniques to the in-line systems in industry. For the development of the control of in-

line systems using XRF techniques, expert advice on instrumentation issues is suggested

to assist with optimizing the design of the systems developed by the CChEN.
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36. Selected staff of the CChEN should be trained in the area of operational plant

parameters, such as mills, particularly in experimental methodology, including the

application of tracers, and also in data processing, to be able to deal properly with the

new requests of mining and industry.

37. In the area of dispersion of effluents there should be both a multi-institutional and a multi-

disciplinary approach. This would allow for improved measurements of liquid waste

dispersion, for a better basic design of outfalls, and studies on the environmental impact

of these systems could be more easily and more efficiently conducted. The CChEN has

expertise in the application of tracers in radiation measurements, and has laboratories

where both nuclear and conventional techniques are used for the determination of

elements and substances at the trace level. CChEN's expertise and infrastructure,

together with the expertise and facilities of the hydraulic and biology departments of

universities, as well as of public and private enterprises -- which could cover the

hydrodynamical and biological aspects, and could provide support to conduct field

studies -- could lead to the optimization of the country's capabilities in this important field

of the environmental sciences.

38. Additional training should be provided to CChEN staff in the modelling of phenomena

(application of mathematical models) related with the in situ lixiviafion as a process for

recovering copper from copper dumps.

4V
NUCLEAR SAFETY AND RADIATION PROTECTION

39. Current numbers of staff, staff salaries and operating budget for radiation medicine

should be maintained. A modest amount of funds should be budgeted for equipment,

including a small liquid scintillation counter.

40.

41.

The Ministry of Health supplies film badge dosimeters to approximately 4000 workers, but

calibration facilities for the dosimeters at diagnostic X-ray energies are sub- standard. To

remedy this situation, an agreement should be negotiated to make the calibration

resources of CChEN available to the Ministry of Health.

Ministry of Health inspectors who will be inspecting licenced facilities are located at 27

local health service offices throughout the 13 regions of the country. They generally lack
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formal training and are not well paid. If the Ministry of Health and CChEN are to continue

sharing responsibility for radiation protection, the CChEN should undertake a programme

to train local Ministry of Health inspectors.

42. It would be most efficient for a single agency to be responsible for radiation protection

at the national level. If this is not possible, and both the Ministry of Health and CChEN are

to retain shared responsibility, it should be avoided that a single institution be regulated

by both agencies. This might well be the case at a hospital or other institution that has

some equipment that falls into category 1 (higher levels of radiation risk), and other

equipment that falls into category 2 or 3 [lower risks). In order to avoid regulation by both

agencies, such an institution should be regulated completely by the institution responsible

for category 1.

43. The automatic sample changing TLD reader (Harshaw 2000D) has not been stable for a

usable period of time since it was received and installed. As the equipment is now more

than four years old, the manufacturer may well be unwilling to take any action. However,

the value of the equipment is sufficient that any opportunity to bring the equipment into

service should be given consideration.

\
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44. The licencing of a conversion plant at the Lo Aguirre Nuclear Centre is in process.

Emergency plan exercises have taken place at La Reina, and the unit receives technical

support from an analysis group located in that centre. In order to improve their

qualifications, some of the staff should take courses in nuclear engineering, perhaps in

Argentina, since such courses are not offered in the local universities.

45. The requested re-orientation of activitie? pertaining to fuel and reflector materials and

burnable poisons is based on a thorough appraisal by the counterpart of the needs and

of present status of the project. It is recommended that the Agency comply with this

request.

46. It is not possible, at present, to monitor sea water for radioactivity when nuclear-propelled

ships or vessels carrying radioactive materials arrive at Chilean ports, due to the lack of

equipment and qualified personnel at DIRECTEMAR. The CChEN could assist in both

aspects, and a co-operation agreement between these two organizations should be

established with the objective of increasing DlRECTEMAR's capability in this area in a

relatively short time.

I
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OPPORTUNITES FOR FUTURE CO-OPERATION WITH CHILE

NUCLEAR RAW MATERIALS

At the present time and in this particular sector, the only area which should receive

support from the Agency is that related to the geological-geochemical-radiometric data base,

which should be updated with hardware, software and training of personnel to handle the

existing information in an adequate manner. For this purpose, the Agency should approve the

project requested by the CChEN for the 1993/1994 programme, Geological-Geochemical-

Radiometric Data Base (priority number 10 in the list sent to the IAEA.)

NUCLEAR TECHNIQUES IN AGRICULTURE

Chile is a food-exporting country, specially in terms of fruits and vegetables. At present,

chemicals are being used to treat most fruits exported to USA and Europe against residual insect

contamination in or on fruits; this is the case of methyl bromide (MB) fumigation on table grapes.

However, it is likely that the use of these chemicals will be prohibited in the near future in the USA.

Therefore, alternative procedures need to be developed. As a result of this situation, priorities

in terms of research and services at the CChEN in the area of food irradiation have been

established for two areas: (a) irradiation as quarantine treatment, and (b) identification of

irradiated food.

The private sector interacts strongly with governmental agencies and institutes concerned

with the transfer of technology. At present, the Chilean Export Association is requesting that

alternatives to the use of methyl bromide as a fumigant be investigated, and it is supporting the

continuation of earlier research conducted on the use of irradiation to sterilize insects that affect

table grapes.

Also, there seems to be quite a remarkable interaction between the CChEN and the

Division of Agricultural and Livestock Services (SAG) of the Ministry of Agriculture, which is

responsible for inspecting agricultural products, livestock and meat products going out of and

into Chile.
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The Agency has not actively participated in the area of food irradiation in Chile durin^

the past 5-6 years, except through research contracts and within the framework of the

FAO/IAEA/ARCAL regional network when it was still operational. The clear identification by Chile

of possible future areas of research and services offers the Agency an opportunity to complement

the initial positive effects of the assistance provided in this area, both under project CHI/5/009 and

through the Agency's research contract programme.

Additional training is required for the present group of scientists who are working in food

irradiation at the CChEN in topics such as: (a) economic and technical feasibility studies in

irradiation plants and machine sources of radiation; (b) analytical techniques related to the

identification of irradiated food; and (c) dosimetry. The scientific staff of the CChEN are not

allowed to undertake formal long-term degree training, and therefore any possibility which would

enable them to enlarge their basic scientific background should be supported.

The experimental Co-60 irradiator at the La Reina Nuclear Centre, originally of 8000 curies,

is at a very low level of activity. The replenishment of this source would allow staff to efficiently

conduct research or demonstration activities. It was not until very recently that the Co-60 source

at Lo Aguirre could be replenished, thus improving the efficiency of the gamma irradiator in the

pilot plant.

Food irradiation is a sensitive issue. However, even though experimental results show that

the application of irradiation for the preservation of sea food (i.e. elimination of salmonella in fish

meal, shelf-life extension of refrigerated fish filets] is an adequate procedure, the market response

is still not positive.

The Agency could assist the food industry ana governmental institutions with the

establishment of information mechanisms on the benefits of food irradiation. For example, expert

services could be provided to give selected lectures or conferences on the subject. Also, local

experts could use co-ordinated research programmes to obtain and demonstrate results.

NUCLEAR SAFETY

Some site-related studies for the characterization of the Lo Aguirre site as a repository for

radioactive waste were completed. Further studies might be required for a more detailed

determination of aspects such as site geology, hydrology, meteorology, demography, soil
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characteristics and stratigraphy. The Agency's ossistance in providing experts to del irmine the

scope of the required studies, and to participate in general in these developments, should be

sought by the CChEN.

With regard to probabilistic safety ossessments. the Agency's involvement on a world-wide

basis has been considerable. If the CChEN's plans to enter this area materialize and a project

is established, the Agency could play an important role as a source of valuable information and

expertise.

1
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ANNEX A

COUNTRY EVALUATION REVIEW - CHILE

TERMS OF REFERENCE

I. Background

As part of its comprehensive evaluation coverage of the Agency's technical cooperation

programme, each year one or two country evaluation reviews are conducted covering all

Agency assistance to a given Member State during the previous ten years.

II. Main Objectives and Methods of the Evaluation

The main purposes of this evaluation are to:

i. Assess the impact of Agency assistance in supporting national priorities and

programmes in the peaceful applications of nuclear energy;

ii. Assess the impact of previous Agency assistance in developing the scientific

infrastructure required for the effective peaceful applications of nuclear energy,

including the level of exceiience of the technical and scientific staff; and

iii. Identify new programme directions that offer significant opportunities to further

enhance nuclear applications and the transfer of technology.

Particular attention is to be paid to developing detailed information on:

i. The degree of effectiveness of the Agency's assistance to the Member State,

including its major impact, achievements, beneficiaries, weaknesses and shortfalls;

ii. The contribution made by Agency assistance towards expanding the base of

trained manpower in the Member State;

iii. The contribution made by Agency assistance to encourage the development of

self-sustaining programmes and institutions that continue to function after the

conclusion of international assistance;

iv. The persistent obstacles or bottlenecks that influence the effectiveness of

international assistance, including steps that might be taken to lessen their impact;

and

vii. The major nuclear application areas where additional international assistance

appears to be required.
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This country evaluation review will make use of background material to be collected by

the Evaluation Section, TC, from all available sources in the Agency, and of additional information

gathered in the field through interviews and visits to project sites and other appropriate methods.

Every effort will be made to involve national personnel in the preparation and field phase of the

evaluation, including entry and exit meetings with national officials and the provision in advance

of specific questions to be addressed in the field phase. The field mission will involve a team of

3-4 external experts -- who have not been involved previously with the Agency's programme in

Chile -- covering the fields of nuclear safety and radiation protection and waste management,

research reactors and fuel cycle, agriculture and biological sciences, and industrial applications

and hydrology; and 1-2 members of the Evaluation Section, Department of Technical Co-

operation.

III. Evaluation Timetable

• Field mission 7 -18 October 1991

• Duration 2 weeks

• Report due six weeks after the end of the mission.

IV. Evaluation Resources

The cost of this evaluation will be covered by IAEA administrative funds.

V. Reporting and Revision Requirements

A draft report will be due no later than six weeks after completion of the field phase of the

evaluation. The Evaluation Section, TC, will be responsible for organizing the internal review of

this draft report, and a final draft will be due no later than two weeks after receipt of these

comments.

The final report will be transmitted to the Deputy Director General, TC, who is responsible

for its internal distribution within the IAEA, as well as any subsequent distribution to the Member

State concerned.

All material developed through this evaluation will become the property of the Agency,

and all decisions concerning publication and the form of publication remain the right of the

Agency.
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ANNEX В

DESCRIPTION OF THE EVALUATION

I. Design of the Evaluation

This evaluation consisted of two parts:

1. Preparation of background information on the programme

A review of the programme, which covers approximately 10 years of Agency assistance

and comprises 62 projects, was conducted at IAEA Headquarters using the material available

in the Latin America Section, TCPM, in other sections of the Department of Technical Co-operation,

and in the relevant technical sections in the Departments of Research and Isotopes and Nuclear

Energy and Safety. Also, interviews were conducted with Agency staff members who had been

or are involved with the programme in Chile. The information collected was compiled into a

document titled "The Agency's Technical Co-operation Programme with Chile, 1980 -1990." This

document contains both general and detailed information on the Agency's technical co-

operation activities in Chile, including inputs (equipment, expert services and fellowships),

statistical data on the provision of expert services and equipment, and on fellowships and the

participation of Chilean nationals in Agency training courses and research contract programmes.

This briefing material was sent to the members of the evaluation team with ample time prior to

commencement of the mission, together with a number of other documents, including expert and

other relevant reports.

2. Field evaluation

Following the study of the programme material compiled at Headquarters, a visit to Chile

was undertaken by five outside experts and a member of the Evaluation Section, TC.

The field mission was to examine facilities and conduct interviews with staff of institutions

which have been or are involved with the Agency's technical co-operation programme in Chile,

with a view to collecting first-hand information on the development, the present status and the

resuits obtained through particular technical co-operation projects and other Agency-supported

activities. Discussions were therefore conducted with technical co-operation counterparts,

research contract holders, directors of the relevant institutes, with representatives of various

ministries, and with UNDP and FAO officials.
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The field evaluation was planned to last two weeks. To achieve the evaluation objectives,

the evaluation team carried out the following tasks:

Discussions were held with representatives of the following institutions:

Chilean Nuclear Energy Commission (CChEN);

La Reina Nuclear Centre;

Lo Aguirre Nuclear Centre;

Ministry of Foreign Affairs;

Min'-stry of Health;

Ministry of Agriculture;

University of Chile;

University of Santiago;

National Electricity Company (ENDESA);

National Institute for Agricultural Research (INIA);

J.J. Aguirre Hospital;

Neurosurgery Institute;

General Water Directorate;

General Diractorate for Maritime Territories and the Merchant Navy;

Chile Foundation;

National Geology and Mines Service;

UNDP Office; and

FAO Office.

Interviews were conducted with project counterparts, in particular from:

Chilean Nuclear Energy Commission (CChEN);

Department of Safety, Control and Licensing, CChEN;

Solid State Physics and Materials Science Department, CChEN;

Directorate of Nuclear Materials, Division of Geology, Lo Aguirre Nuclear

Centre;

Nuclear Instruments Laboratory, La Reina Nuclear Centre;

Nuclear Reactor Physics Project, CChEN;

Division of Nuclear Research, CChEN;

Department of Hydrology, La Reina Nuclear Centre;

Department of Nuclear Safety and Radiation Protection, CChEN;

Activation Analysis Department, La Reina Nuclear Centre;

Personnel Dosimetry Laboratory, La Reina Nuclear Centre;
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Irradiation Department, La Reina Nuclear Centre;

Industrial Applications Department, La Reina Nuclear Centre;

Department of Dosimetry, La Reina Nuclear Centre;

Human Toxicology Laboratory, La Reina Nuclear Centre;

Ionizing Radiation Metrology Laboratory, La Reina Nuclear Centre;

Radioisotopes Division, Lo Aguirre Nuclear Centre;

Reactor Team, Lo Aguirre Nuclear Centre;

Agriculture and Livestock Service, Ministry of Agriculture,-

General Directorate for Maritime Territories and the Merchant Navy;

Directorate General for Water,-

Research Institute for Agriculture and Livestock;

Institute of Neurosurgery, Department of Nuclear Medicine;

University of Chile, Faculty of Agricultural, Veterinary and Forestal Sciences,

School of Veterinary Sciences;

University of Chile, Faculty of Agricultural, Veterinary and Forestal Sciences,

Department of Animal Preventive Medicine;

University of Chile, J.J. Aguirre Hospital, Nuclear Medicine Centre;

University of Chile, Faculty of Medicine, Department of Biochemistry; and

University of Chile, Faculty of Physical Sciences and Mathematics.

The interviews were conducted using a questionnaire that had been prepared

prior to the field trip, and included, among others, questions concerning the

provision of assistance through technical co-operation projects and through the

research contract programme; the results achieved through the provision of

Agency assistance; the availability of qualified staff,- and questions on the scientific

activities that are being carried out within the context of the programme.

Visits were undertaken to laboratories and other facilities at the various

counterpart institutions. During these visits it was possible to make first-hand

observations regarding the adequacy of existing facilities, and to talk to the

people working in these laboratories.
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II. Composition of the evaluation team

J

The evaluation team was composed of five outside experts and one Agency staff

member:

Dr. Jacobo Rapaport. Distinguished Professor at the Physics Department of Ohio

University, Athens, Ohio, USA.

Dr. Julian Sanchez, Director, Division of Research and Development, National

Institute for Nuclear Research, Mexico City, Mexico.

Dr. Armando Rabuffetti, Senior Soil Science Researcher and Director General of the

National Institute of Agricultural Research (INIA), Uruguay.

Dr. Wesley W. Wooten, Assistant Clinical Professor of Radiology at School of

Medicine of the University of California; and Technical Director, Department of

Nuclear Medicine, Saint Agnes Medical Centre, Fresno, California, USA.

Dr. Jefferson Vianna Bandeira, Senior Engineer at the Division of Environmental

Engineering of the Nuclear Technology Research and Development Centre (CDTN),

Belo Horizonte, Brazil.

Ms. Maria E. Bermúdez, staff member of the Evaluation Section of the Agency's

Department of Technical Co-operation.

III. Limitations of the evaluation

4V The evaluation of the Agency's technical co-operation programme in Chile during the

period 1981-1991 was the fifth such country evaluation review to be conducted by the Evaluation

Section of the Department of Technical Co-operation, and the second in Latin America, following

similar reviews in Peru (1987], Thailand (1988), Hungary (1989] and Morocco (1991).

The scheduled duration of the mission was two weeks, which appeared to be a

reasonable time to cover the evaluation team's planned activities, but on a few occasions, time

was found to be too short to allow for in-depth discussions, particularly for those team members

who had a larger number of projects under their responsibility. It was generally felt that more

time at each institution and with each counterpart would have been useful to allow for more

detailed discussions with the counterparts and other people involved with the programme, as well

as for visits to field stations.
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The language factor has sometimes been a limitation in evaluation missions of this type,

and therefore special care was taken to select experts who were fluent in Spanish. This allowed

for a much smoother evaluation than in previous cases and certainly contributed to easier

communication throughout the mission.

In general, the team members feel that this mission was not affected by any serious

limitations and that their assignment was carried out in excellent conditions.

Ч̂
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ANNEX С

TIMETABLE FOR THE EVALUATION OF THE
AGENCY'S TECHNICAL CO-OPERATION PROGRAMME IN CHILE, 1981 • 1991

\

1

Monday,
7 October

Tuesday,
8 Oct^oer

Wednesday,
9 October

Thursday,
10 October

Friday,
11 October

Monday,
14 October

Tuesday,
15 October

Wednesday,
16 October

Thursday,
17 October

Mr. Sanchez Mr. Rapaport Mr. Rabuffettl Mr Wooten Mr. Bandeira

9:30 Official welcoming meeting at the Chilean Nuclear Energy Commission Headquarters with Mr. Eduardo
Bobadilla, President of the Commission, Mr. German Piderlt, Executive Director of the Commission, Mr.
Luis Frangini, Head, Legal Division, Mr. Álvaro Guzman, Head, Planning Office of the Commission, and
Mr. Claudio Silva, of the Office of International Affairs of the CChEN.

10:30 Working session with staff of the Planning Office and of the International Affairs Office of the
Commission.

15:30 General meeting with all counterparts of TC projects that have been Implemented in Chile during the
period under review.

16:30 Meeting with the UNDP Resident Representative In Chile, Mr. Luis Thais, and with Ms. Evelyn Nielsen,
Programme Officer.

CChEN
CHI/0/006. P. Ferruz
CHI/9/008, E. Andalaf

LO AGUIRRE
CHI/4/004,
J. Carvajal

LA REINA
CHI/4/009 &
CHI/4/013, A. Poblete
CHI/4/011, J.Klein
CHI/4/012, С Silva

LO AGUIRRE
CHI/4/015 &
CHI/4/010, J. Marin

LO AGUIRRE
CHI/4/007,
R. Schraeder

LO AGUIRRE/LA REINA
CHI/9/010 &
CHI/9/016,
A.Sanhueza

CChEN
CHI/9/012, J. Riesle

UNIV. DE CHILE
CHI/9/011, J. Riesle

LA REINA
CHI/1/009,
С Oyarzun

LA REINA
CHI/1/010, G. Zelada
CHI/4/003, G. Parada

LA REINA
CHI/1/013,
E. Stuardo

LA REINA
CHI/2/010, P. Castillo
CHI/4/014, J. Garcia

UNIV. d e SANTIAGO
CHI/1/012, G. Zelada

LO AGUIRRE
CHI/2/007 &
CHI/3/008, S. Marin

LA REINA
CHI/1/014, CHI/3/007,
CHI/1/011 &
CHI/2/009, N. Gras

LO AGUIRRE/LA
REINA
CHI/5/009.
T. Rublo

LA REINA
CHI/5/009,
T. Rubio

FUNDACION CHILE
Pablo Herrera

UNIV. DE CHILE
CHI/5/013,B.Urquleta
CHI/5/012, G. Mille
CHI/5/016, G.Montes

LA REINA
CHI/5/010,1. Pino

Meeting at FAO

Meeting at the Min.
of Agric.(SAG)

NAT.AGRIC.RES.
INSTITUTE (INIA)
CHI/5/014,1. Pino

LA REINA
CHI/2/008,
M.C. Gil

LA REINA
CHI/6/010,
M.C. Gil

J.J. AGUIRRE
HOSPITAL
CHI/6/008,
S. Sanhueza

NEUROSUR.INST.
CHI/6/009,
S. Sanhueza

LA REINA
CHI/9/009,
S. Sanhueza

INSTITUTE FOR
NEUROSURGERY
CHI/6/009,
S. Sanhueza

LA REINA
CHI/9/007.
E. Stuardo
CHI/9/013,
P. Ferruz

LO AGUIRRE
CHI/3/003 &
CHI/3/006, LPérez

LO AGUIRRE
CHI/3/005, L.Pérez
CHI/3/004,
E. Andalaf

LA REINA
CHI/8/015, F. Diaz

LA REINA
CHI/8/014 &
CHI/8/018, F. Diaz

LA REINA
CHI/8/011.
J. Magnasco
CHI/8/012, F. Diaz

GEN.WATER DIR.
CHI/8/013

LA REINA
CHI/4/016 &
CHI/8/009,
A. Pollastri

ENDESA
CHI/8/016. F. Diaz

Meeting at the
Nat. Geology &
Mines Service

Final wrap-up meeting with the authorities of CChEN

г.»
•;»
J
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ANNEX D

LIST OF PEOPLE MET

Chilean Nuclear Energy Commission (CChEN)

Mr. Eduardo Bobadilla. President

Mr. German Pfderit. Executive Director

Mr. Luis Frangini. Head, Legal Division

Mr. Emilio Tlmmermann, Head, Division of International Affairs

Mr. Claudio Silva, Division of International Affairs

Mr. Nicolas Andalaft, Head, Training Division

Ms. Gladys Milic, Training Division

Mr. Álvaro Guzman, Head, Planning Division

Mr. Juan Magnasco, Planning Division

Mr. Luis Celaya, Planning Division

Ms. Hilde Rohland, Planning Division

Mr. Rosamel Munoz, Head, Public Relations Division

Mr. Héctor Basáez Pizarro, Head, Licensing Division

Mr. Jaime Riesle, Licensing Division

Mr. Paulo Ferruz, Head, Department of Radiation Protection, and co-ordinator ARCAL I

Mr. Malien Gajardo, Director, La Reina Nuclear Centre, Head, Department of

Applications and co-ordinator ARCAL II

Ms. Lila Trujillo, Head, Library, and co-ordinator ARCAL X, La Reina Nuclear Centre

Mr. Enrico Stuardo, Head, Department of Personnel Dosimetry, La Reina Nuclear Centre

Mr. Igor Tomicic, La Reina Nuclear Centre

Mr. Carlos Oyarzún, Head, SSDL, La Reina Nuclear Centre

Ms. Sylvia Sanhueza, Head, Radiation Medicine, La Reina Nuclear Centre

Mr. José Suárez, La Reina Nuclear Centre

Mr. Alejandro Poblete, RECH-1, La Reina Nuclear Centre

Mr. Francisco Diaz, Radioactive tracers laboratory, La Reina Nuclear Centre

Ms. Yudy Castillo, Nuclear Instrumentation, La Reina Nuclear Centre

Ms. Nuri Gras, Head. Neutron activation analysis, La Reina Nuclear Centre, and co-ordinator

ARCAL IV

Ms. Olga Pino, Head, Nuclear techniques in agriculture, La Reina Nuclear Centre

-1 -
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Ms. Tatiana Rubio, Head, Irradiation laboratory. La Reina Nuclear Centre, and coordinator

ARCAL VI

Ms. Maria Cecilia Gil. Radiopharmaceuticals. La Reina Nuclear Centre

Ms. Gisela Araya Bravo. La Reina Nuclear Centre

Mr. Juan Spinoza Berdichevsky, Irradiation Laboratory, La Reina Nuclear Centre

Mr. Alberto Pollastri, Environmental Isotopes Laboratory, La Reina Nuclear Centre

Ms. Patricia Castillo, La Reina Nuclear Centre

Mr. Juan Galves, La Reina Nuclear Centre

Ms. Nélida Heresi Milad. Consultant to CChEN at the La Reina Nuclear Centre

Mr. Juan Carvajal, Director, Lo Aguirre Nuclear Centre, Head, Nuclear Materials Department

Mr. Elfas Andalft, Lo Aguirre Nuclear Centre, Nuclear Materials Department

Ms. Rosemarie Schroder. Lo Aguirre Nuclear Centre, Nuclear Materials Department

Mr. Luis Ernesto Perez, Head, Geology Laboratory. Lo Aguirre Nuclear Centre

Mr. Heriberto Fortin, Geology Laboratory, Lo Aguirre Nuclear Centre

Mr. Gonzalo Torres, Head, RECH-2 reactor, Lo Aguirre Nuclear Centre, and coordinator

ARCAL V

Mr. Juan Klein, Lo Aguirre Nuclear Centre, Head, Reactor Physics Division

Ms. Azucena Sanhueza, Waste management. Lo Aguirre Nuclear Centre

Mr. Luis Urrutia Silva, Chief, Irradiation Plant, Lo Aguirre Nuclear Centre

4^

1

Pontifícia Universidad Católica de Chile

Mr. Enrique Olea Garcia

Mr. Arnaldo Foradori, Head, Nuclear Medicine laboratory. Faculty of Medicine

ENDESA (National Electricity Company)

Mr. Orlando Moreno. Planning Office

Mr. Emilio Iraguen, Department of Engineering, INGENDESA

Mr. Francisco Verni. Department of Engineering. INGENDESA

Servido Agrícola y Ganadero (SAG)

Mr. Orlando Morales, Director, Department of Crop Protection

Mr. Carlos Lobos Aguirre. Department of Crop Protection

Ms. Patricia Lopetegui, Planning Unit, Department of Animal F otection

Ï'
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Institute of Agricultural Research (INIA)

Mr. Sergio Bonilla, International Co-operation

Mr. Rafael Novoa, Director, La Platina Experimental Station

Mr. Pedro Baherle, Soil Fertility, La Platina Experimental Station

Mr. Carlos Mufioz, Mutation breeding, ARCAL VII

National Geology and Mines Service (SERNAGEOMIN)

Mr. Arturo Hauser Jung, Head, Department of Applied Geology

University of Chile

Mr. Francisco Brieva, Department of Physics, Faculty of Physical and Mathematical Sciences

Mr. E. Kaussler, Department of Seismology

Mr. inigo Diaz, Dean, Faculty of Veterinary Science

Ms. Bessie Urquieta. Faculty of Veterinary Science

Mr. Lautaro Pinochet, Faculty of Veterinary Science

Mr. Gustavo Montes, Faculty of Veterinary Science

Ms. Gladys Villouta, Faculty of Veterinary Science

University of Santiago

Mr. Rafael Venegas, Department of Physics, Faculty of Science

National Forestry Corporation

Mr. Gonzalo Gonzalez, Wildlife Conservation, Lauca National Park

Fundación Chile

Mr. Pablo Herrera, Marine Resources

J.J. Aguirre Hospital

Mr, Patricio Gonzalez Espinoza

Mr. Ricardo Lillo Ganter

Ms. Teresa Masardo Vega

• 3 -



Neurosurgery Institute

Mr. Álvaro Palma Fellenberg

Ms. Gilda Guzman Moebis

Ms. Maria Isabel Robinson

Ms. Katia Salazar

Ministry of Health

Mr. Christan Grandón

Ms. Nella Marchetti Pareto

General Directorate for Maritime Territories and the Merchant Navy

Mr. A. Hossner

Mr. Juan Orellana. Division of Preservation of the Water Environment

UNDP Office « Santiago

Mr. Luis Thais, Resident Representative

Ms. Evelyn Nielsen, Programme Officer

Mr. Michael Nebelung, Programme Officer

1

FAO Office - Santiago

Mr. Rafael Moreno, Regional FAO Director

Mr. Mario Vaughn, Regional Office for Crop Protection

Mr. Juan Izquierdo, Regional Office for Crop Protection

Ministry of Foreign Affairs

Mr. Esteban Cordova, Head, Department of International Technical Co-operation

i
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