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Current Status of the World's Research Reactors

Brian Dodd
International Atomic Energy Agency

Vienna, Austria

Each year the IAEA sends out questionnaires to the owners and operators of research reactors
requesting an update on information relating to each facility. This information is fed into the
IAEA's database and comprises the Research Reactor Database (RRDB). At the time of
writing, the database shows 291 operational research reactors (including critical assemblies),
247 shut down reactors, 106 decommissioned reactors, 15 under construction and 15 new
research reactors planned. These reactors are distributed among 58 countries.

There is a fairly even regional distribution of the operational reactors with 64 of them in
North America, 65 in Western Europe, 76 in Eastern Europe, 57 in Asia, 18 in Latin America
and 14 in Africa and the Middle East. Eighty-seven of the operational reactors are in 40
developing countries.

A review of the utilization data submitted to the IAEA shows that about 110 reactors are
engaged in neutron activation analysis, 60 in isotope production, and 35 in neutron scattering
work. In addition, some 20 are performing silicon doping and 15 are actively working in or
towards neutron capture therapy.

One of the important pieces of data is to note from the RRDB is that about 66% of the
reactors are over 30 years old, and over 80% are over 20 years old. On the other hand there
appear to be more new research reactors now under construction or planned than in recent
years.

Member States should be aware of some new initiatives that the IAEA has already
implemented and will be implementing in the near future. The first is that the RRDB is now
freely accessible on the Internet (http://www.iaea.or.at/worldatom/rrdb/). The Internet version
allows multiple types of searches and filters to find the information needed. In the near future,
the questionnaire will request more explicit research reactor utilization data. This will help
the IAEA and Member States in two ways. First, it will be possible to better evaluate the
effectiveness of the programmes designed to increase utilization, and second it will facilitate
RRDB searches to find out which facilities are performing each type of work. This will help
customers to better find appropriate facilities to perform their experiments or irradiations, as
well as to help place IAEA fellows and scientific visitors. Further improvements planned to
the RRDB include enabling the annual questionnaires to be completed on-line.

It should be noted that the research reactor web site also contains a calendar of research
reactor meeting's and activities. The site will also be expanded to include more information
such as that related to IAEA research reactor publications, including safety standards.

The second major new initiative is the establishment of a number of listservers to further
assist communication within the research reactor community. This enables owners and
operators to ask for help, share resources, to make announcements and generally help each
other to do a better job. Those wishing to subscribe to one of the regional listservers should
contact the author (B.Dodd@iaea.org).
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Current safety issues related to research reactor operation

F. Alcala-Ruiz
International Atomic Energy Agency

Vienna, Austria

This paper mainly discusses the following two subjects: (a) some of the key issues
related to the present status of the research reactor safety in the world as recognised by
various external review or advisory groups related to the International Atomic Energy
Agency (hereafter the Agency) and (b) the impact of their recommendations on the
preparation and implementation of the part of the Agency's Programme and Budget (P &
B) relating to the safety of research reactors.

Several individuals and groups involved in the use of the nuclear energy and its
applications have recently expressed their increased concern about some general aspects
of the safety of the research reactor in the world, and particularly about those related to
their safe continued operation.

To illustrate some of the above general aspects of concern, they have been
contrasted with corresponding issues related to nuclear power reactors. Examples of these
aspects of concern are:

• Of the about 600 research reactors that have been built to date in 60 Member States,
the current information in the Agency Research Reactor Database shows that 265 are
still in operation in 58 Member States and 344 have been shutdown. Of these, 238
remain in extended shutdown waiting for a decision on their decommissioning and 106
have undergone decommissioning;

• The median age of the research reactors is 30 years compared with 20 years for the
power reactors. Ageing problems in research reactors involve more than the
degradation of properties of the materials. Issues like obsolescence of equipment and
lack of spare parts, degradation of discipline and vigilance, outdating of the system of
documentation related to the reactor, and budgetary limitations affect also the safety of
some reactors;

• Many research reactors have large stocks of spent fuel, much of which contain HEU.
Serious safety problems concerning the condition of this fuel, particularly corrosions
and leakage, have been reported;

• All countries operating power reactors have at least a minimum acceptable regulatory
infrastructure whereas many countries operating only research reactors have
deficiencies in their regulatory framework. Several developing countries are now
building their first research reactor. As nuclear infrastructure is lacking, these
countries need appropriate technical and scientific advice;



• Public perception of nuclear incidents or accidents involving research reactors will not
be much different from those involving power reactors in spite of the real differences
of risk. However, any sort of incident or accident in research reactors would worsen
public attitudes towards nuclear energy.

Among the above groups that have expressed their concerns are groups composed
of high ranking officers nominated by leading Member States of the Agency that have
been requested to review the Agency's P & B related to the Department of Nuclear Safety
(NS) in 1997 and 1999. In addition, the standing International Nuclear Safety Advisory
Group (INSAG) to the Director General of the Agency received from the Secretariat an
account on the status of research reactor safety world-wide and wrote in 1998 a letter to
the Director General mentioning most of the issues listed above. The letter also noted that
these issues related to nuclear safety of research reactors required immediate attention in
an appropriate manner.

All the recommendations of 1997 peer review were taken into account in the
preparation of the Agency's P & B for the current biennium 1999-2000. However, one of
the review groups in 1999 continued to be of the opinion that more effort on research
reactor safety is a key need of Member States. In this regard, the group welcomed the
increased priority which is currently receiving research reactors in the first draft of the
programme for the next cycle, but was disappointed at the small extent of the new
anticipated activities. The group members believed that the proposed activities do not
sufficiently address the assessed needs or the recommendations from the 1997 review and
the considerations in the 1998 letter of INSAG. Therefore, the reviewers recommended
that the Agency should reconsider the allocation of effort in the area of research reactor
safety with a view to expanding the activities.

The group also recognized that different human resources are needed for research
reactors in general and that collaboration with other Departments is important for the
effectiveness of programmes. The group further recommended that the Agency should
consider what resources are needed to address the needs of Member States with regard to
research reactor safety, and what options or funding sources might be available, either
within the Nuclear Safety Department or through collaboration with other Departments,
to provide these resources. In this context, it should be recognized the effort made
recently by the NS management increasing (although on a short term contract basis) the
personnel of the Research Reactor Safety Unit from two to four persons.

In this connection, the Agency will welcome and look forward to having an
appropriate set of recommendations and suggestions from the Symposium on Research
Reactor Utilization, Safety and Management to be held in Sesimbra, near Lisbon,
Portugal, to be incorporated in its P & B for the next cycle.
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Current Status of Spent Fuel at Research Reactors

I. G. RITCHIE

Division of Nuclear Fuel Cycle and Waste Technology
International Atomic Energy Agency
Wagramer Strasse 5, P. O. Box 100

A-1400 Vienna, Austria

In recent years the problems of spent fuel from research reactors have received increasing
attention as concerns about ageing fuel storage facilities, their life extension and the ultimate
disposal of spent fuel loom larger. The overall scope of these problems can be gauged by
examination of the databases compiled and maintained by the IAEA. Data compiled in the
research reactor spent fuel database are used to assess the status of research reactor spent fuel
world-wide. Fuel assemblies, their types, enrichment, origin of enrichment and geological
distribution among the industrialised and developing countries of the world are discussed.
Some projections of spent fuel inventories to the year 2006 are presented and discussed.

Fuel management practices in wet and dry storage facilities and the concerns of reactor
operators about long-term storage of their spent fuel are presented and some of the activities
carried out by the International Atomic Energy Agency to address the issues associated with
research reactor spent fuel are outlined.

It is clear that more exposure of the problems and concerns and more international co-
operation will be necessary to resolve the outstanding issues. It is also clear that take-back
programmes of foreign research reactor fuels, if and when they are implemented, will not
continue indefinitely. At some stage in the not too distant future (in 2006 for foreign research
reactors with US-origin fuel), research reactor operators will be faced with having to find their
own solutions regarding the permanent disposal of their spent fuel. For countries with no
nuclear power programme, the construction of geological repositories for the relatively small
amounts of spent fuel from one or two research reactors is obviously not practicable. For such
countries, access to a regional interim storage facility and eventually a regional or
international repository for research reactor fuel would be an ideal solution. The time is ripe
for serious discussion of regional or international solutions and to begin planning for the day
when neither take-back programmes nor the reprocessing option might be available.
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FACTORS INFLUENCING RESEARCH REACTOR
UTILIZATION ACCROSS COUNTRIES

P. D. Hien
Vietnam Atomic Energy Advisory Board

In the face of the current declining trend in research reactor utilization worldwide a
question may arise as to whether and in what conditions investment in nuclear research
reactors (NRRs) is still justifiable. The problem becomes more challenging particularly for
countries with low levels of development where the lack of adequate budget for R&D and
the shortage of well trained manpower are typical factors greatly limiting the effectiveness
of the investment in NRRs.

A survey of NRR information [1] reveals strong variabilities in reactor utilization
accross countries in terms of installed reactor power, number of operating facilities,
operation records etc. This obviously reflects the diversity in the size and the level of
socio-economic development of reactor-owned countries [2, 3], Using simple statistical
analyses the paper intends to reveal relationships between the status of reactor utilization
and socio-economic conditions among countries that may provide a guidance for reactor
cost benefit evaluation.

Two reactor indicators are considered, namely the total installed power (POWER)
and the number of operation days per year, i.e. the load factor (LOAD) for country having
a single reactor. Concerning socio-economic indicators the most relevant are the gross
national product (GNP) and its per-capita (pcGNP), the country's expenditure for
research and development (R&D), the educated manpower resource as measured by the
number of students at the 3rd level per 100,000 inhabitants (EDUC) and the total
electricity consumption (ELEC), which may be among national long term goals of the
reactor utilization programme. While GNP, R&D and ELEC are much correlated with the
size of the economy (size indicators), pcGNP and EDUC characterize the level of socio-
economic development of the country (development indicators) . Table 1 shows that while
the reactor power (POWER) strongly correlates with size indicators, the reactor load
factor (LOAD) tends to have some medium correlations with development indicators
(pcGNP and EDUC) and have no relationships with size indicators. Fig. 1 illustrates the
linear regression relationship between Ln(POWER) and Ln(GNP) which can explain two
thirds of the variance among countries (R2 = 0.66). Such a highly statistically significant
relationship allows us to estimate the minimum GDP level that becomes appropriate for
establishing a NRR in a low income country. Assume that the reactor power should at
least be 1 MW (for radioisotope production becoming feasible and viable), then the GDP
level should not be below approximately 10 billion USD according to the worlwide trend.
At present, quite a few "non-reactor" countries in the developing world had achieved this
GDP level. Also from Fig. 1 it can be speculated for example that some countries such as



Thailand, Malaysia and Australia would have increased their reactor powers to keep pace
with their GNP levels and in compatibility with the worlwide trend.

Table 1 Correlation between socio-economic and NRR indicators

POWER
LOAD

GDP

0.81
0.11

R&D

0.82
0.28

ELEC

0.83
0.06

pcGDP

0.46
0.50

EDUC

0.43
0.34

POWER

1.00
0.01

LOAD

1.00

8 n

6 -

4 -

I
8. 2

o
<u 0

-2 -

-4

1 y=1.14x-2.67
1^=0.66

Romania • '

•
Poland *

Bulgaria ^ ^ " ^ * _ .
• ^ ^ • ' n a l

^*%^ • • xFinland
^ S ^ + Vietnam Malaysia

Jamaica G ^ a n a

Russia *

Ch£a# ^ ^ ^

^ r *UK

Australia

Argentina

x/Wex/co * ' f e

France ^ ^ . U S

Germany

3 4 5 6

LN(GNP, billion USD)

Fig. 1 Scatter plot of Ln(GNP) and Ln(POWER). Countries labelled in italic are not
included in the regression as NRRs were set up almost four decades ago.

Instead of GNP, other size indicators also have statistically significant relationships with
reactor POWER. Furthermore, a stepwise multiple regression applied to the data revealed
that electricity consumption (ELEC) and R&D expenditure are the most dominant factors
that taking together can explain 76% of the reactor POWER variability (note that the two
indicators are strongly correlated with GNP):

LnPOWER(MW) = (0.8 ± 0.2) LnELEC (106kWh) + (0.33 ± 0.12) LnR&D($109) -
(8.6 ±1.7), R2 = 0.76



Concerning the LOAD factor, linear relationships exist with R&D and pcGNP,
however, these can explain no more than 30% of its variability accross countries. Thus
the effectiveness of reactor utilization cannot be predicted based on macro socio-economic
indicators as this is the case of reactor POWER. Other determinants to the LOAD factor
may be associated with the programmes on nuclear power generation and nuclear
weapons. But for less developed countries more important are the market demand for
reactor related products and services, the capability of personnel in reactor maintenance
and in innovative indigenization of nuclear techniques. Quality assurance for reactor
products / services seems to play a deciding role in ensuring the competitiveness of
nuclear techniques in the market economy. These factors will be discussed and their roles
will be assessed in the paper.

References

[1] Directory of Nuclear Research Reactors, IAEA, Vienna (1989).
[2] Human Development Report United Nation Development Programme, Oxford
University Press (1993- 97).
[3] UNESCO Statistical Yearbook (1997)



IAEA-SM-360/S

The Portuguese Research Reactor: A tool for the next century1

Antonio J.G. Ramalho, Jose G. Marques, Fernando M. Cardeira
Instituto Tecnologico e Nuclear, Estrada Nacional 10, P-2686-953 Sacavem Codex, Portugal

The RPI reached its first criticality in April 25, 1961, being therefore a 38 years old
installation. In spite of its age one can say that the installation is still in a pretty good condition.
A review of the events that have marked its life and of the actions taken to avoid its degradation
will be done.

One of the first actions taken aimed at the replacement of the control system from tubes
to transistors and with this as an objective actions in the preparation of the staff for that effect
were initiated almost immediately after the first start up. At this time the control phylosophy was
modified to have the safety actions, both for period and power level, based on a 2 out of 3
coincidence mode. Originaly there was a log N and period channel, for period, and two power
safety channels for power level. Still in the control system, the B4C control-safety rods were
replaced by Cd SS lined ones with magnets out of water from the original under water ones.

The water piping of the purification and of the primary cooling system was all aluminium
and embeded in the concrete. It developed leakages and was replaced, respectively, by PVC,
running outside the pool, and by stainless steel installed inside the pool.

All the lining of the pool was replaced; in the larger section the tiles lining was maintained
but in the stall section (where the operation position of the reactor most frequently used is
located) a stainless steel lining was installed. The leakage of the SS lined section of the pool is
controlled through samples taken around the lining. To control the pool lekeage samples can be
taken from holes reaching the building foundations.

The fuel was changed from 20% to full enriched and will be returned to 20% in the
context of the RERTR programme. At this stage we have fuel that at the present consumption
rate will allow for operation until 2006.

We are recruiting new people and looking for the future changes which should, at least,
assure the same neutron flux and the continuation of the smooth operation so far enjoyed. This
will imply inter alia the upgrading of the control system to make it still less sensitive to human
error and most likely an increase of the reactor power.

It is to be noted that the RPI is the sole research reactor in the Iberian peninsula and that
it is expected that it will become more and more accessible particularly in this space.

1 We dedicate this paper to the memory of Eng° Joao Batista Menezes who was a major
driving force behind most of the work reported here. Eng° Menezes was a staff member of the
RPI since the begining and the Director of DEEN in the last part of his life.
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INCREASING UTILIZATION AT
LOW AND INTERMEDIATE POWER LEVEL

RESEARCH REACTORS
by

A. Francis DiMeglio
Consultant - USA

Many low and intermediate power research reactors which were constructed in the period
of the 60's, 70's and 80 's are underutilized. While lack of financial resources is often a
reason for this under-utilization, operating organizations have not always been able to
initiate utilization programs using existing capabilities because they lacks the necessary
knowledge or experience. In addition, operating organizations have often sought the
capability for utilization in disciplines which are beyond the reasonable capabilities of
their reactor, for which there is no infrastructure or market in their area and for which the
finances are beyond reach.

The purpose of this presentation is threefold:

(1) To provide suggestions on how to identify the potential user groups and how to
encourage their utilization of the reactor;
(2) To provide assistance for increasing the utilization of low and intermediate power
research reactors by evaluating reactor applications with potential at these reactors; and
(3) To provide assistance in prioritizing projects which may be initiated by the
operating organization and by prioritizing technology exchanges that may be available
for increasing utilization.

The reactor applications that are addressed are:

(1) Education and training;
(2) Neutron activation analysis;
(3) Isotope production;
(4) Neutron radiography; and
(5) Boron neutron capture therapy.

For each of these areas, the presentation will evaluate requirements for the reactor
organization for the implementation of the technology (e.g., feasibility analysis, market
analysis1) and benefits resulting from implementation (e.g., service to community and
researchers, income). In addition, the presentation will evaluate potential training that
can be provided by national and international organizations in support of the reactor
application. Finally, evaluation criteria for the feasibility and desirability for new
experiments and reactor upgrades based on new experiments will be discussed.

' Market analysis as used in this presentation means the efforts of the operating organization to
determine the near term and potential users of a specific application of the research reactor. Since this
market analysis is accomplished through discussions between the technical reactor staff and the potential
users, it is a continuous process requiring a sustained, long term effort.
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THE UTILIZATION OF IEA-R1 BRAZILIAN RESEARCH REACTOR

J.R.MAIORINO
Instituto de Pesquisas Energeticas e Nucleares (IPEN), Sao Paulo, Brazil

The IEA-Rlm RR(1) is a pool type, light water cooled and moderated, graphite reflected,
using LEU (U3O8-AI) fuel elements, and presently operating at 5 MW, continuously^. Since its
first start up (September 16th, 1957) it had been used for basic and applied research in nuclear
neutron and solid physics, radiochemistry, radiobiology, etc.; in training; in material testing; non-
commercial radioisotope production, neutrongraphy; neutron activation analysis (NAA).

In Research, the IEA-Rlm is used as neutron source, mainly though the use of the beam
holes, BH (Neutron Scattering), and the Rabbit Irradiation System (NAA). In the BH's, the main
research lines are in the study of the crystalline state of matter (texture analysis; order-disorder in
metallic alloys; magnetic structure, etc.) using a Neutron Diffractometer; a Tripe Axis
Spectrometer used in hydrogen vibrations in materials, solids and liquids, Atomic/Molecular
Diffusion; and electronic excitation in molecules; and the study of photonuclear reactions with
gamma rays from thermal neutron capture in targets located in the tangential BH. Besides Basic
research, the BH is used for Neutron Radiography Studies; and an experimental facility for NCT
(Neutron Capture Therapy) is being installed for irradiation of "in vitro", and "in vivo" of
biological samples. This samples will be placed in the "irradiation cell" inside the BH which can
be inserted just after a set of removable filters. Besides biological studies, the facilities will allow
simulation of filters and phantoms to select suitable neutron spectrum for NCT application.

In NAA, the main research lines are in the determination of Inorganic Compounds in
Medical Plants, determination of Radioactive Dentine Abrasion; Trace Elements Analysis
Geological Samples, Environmental Science (Analysis of Rain Water, Heavy Metal in River
Sediments, Pollution, Mercury in human hair), and in food, agronomy and animal sciences.

The IEA-Rlm was not used as commercial radioisotope producer, but had produced many
radioisotopes (RI) for research and industrial applications (203Hg, 82Br, 110Ag, etc.). For medical
application, in the past the Reactor produced 131I, and presently are starting a commercial
production of 133Sm, 35S, 24Na and 45Ca. Also wires of Ir-192 for braquitheraphy and small
activities of Co-60 plates are produced. The expansion of Nuclear Medicine in Brazil, mainly
using 99mTc generators, the Institute start since the 80"s the production of this generators with
imported 99Mo from fission. With the upgrade of power of IEA-R1, fluxes of the order of
5 x 1013 n/cm2/s are obtained, which will allow start the commercial production of 99Mo by
capture and using a gel generator of 99mTc. Besides 99Mo the new operational condition as will
provide possibility to produce commercially RI which at the present are imported, such as 131I,
32P and h% as well new RI such as 166Ho, 165Dq and 186Re (cancer therapy). Besides RI
production, "in core" irradiation of the RR IEA-Rlm are used for Neutron doping (NDT), and a
program is starting for gems irradiation. Material and Fuel Irradiation are also underway using
pressurized loops, and irradiation devices. The in core irradiation of IEA-Rlm is illustrated in
Figure 1.

Finally, since the IEA-Rlm is the only brazilian reactor suitable for multipurpose
utilization a continuous modernization program is under way (aging management, I&C, etc.) in
order to enhance the optimal utilization of the Reactor.

12
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KAMINI REACTOR: - COMMISSIONING AND OPERATING EXPERIENCE ;
RESEARCH FACILITIES AND THEIR UTILIZATION
RRRamanaryanan, V.Anandkumar, Dr. P.Mohanakrishnan, C.P.Pillai, P.V. Kumar and
R.P.Kapoor
Indira Gandhi Centre For Atomic Research, Kalpakkam, India

KAMINI reactor is neutron source facility housed in a vault below hot cells at a radio
metallurgy laboratories of Indira Gandhi Centre For Atomic Research. This is a U233 -
aluminium alloy fuelled, light water moderated, beryllium oxide reflected reactor with a
thermal power of 30 kW, The reactor has a low fuel inventory of - 590 g of! I233. The
core average flux is about 1012 n/cm2/s, The core reflector assembly, cadmium safety
control plates, detector assemblies and other reactor components are located in a stainless
steel reactor lank filled with DM water. Core cooling is achieved by natural convection

and primary / secondary heat transport systems help in maintaining steady core inlet
temperature during prolonged operation. Long term burn-up reactivity compensation is
achieved by addition / adjustment of reflectors.

Commissioning of KAMINI reactor was started in 1995 by final installation of all
reactor components, meticulous positioning of all reflector blocks with suitable gaps for
beam tubes. Parallelly water systems and control panels were made operational. After
filling water In The reawui Uuilv, fuel was loaded and the reactor achieved critiraiity in
October '96 with 9 fuel elements and one adjustable reflector. Subsequently after
completion of important physics experiments viz., Control rod calibration, void worth

14



measurements, absolute power calibration and installation of beam tube shielding, reactor
power was raised to its nominal power of 30 kW in Sep. '97. Since then KAM1NI
reactor has been operated at various powers for irradiation purposes. Reactor operation
has been very stable and performance of all systems has been satisfactory. Radiation
levels and tank water activity were maintained within permissible limits. Problems
related to non-reproducibility in critical heights were resolved by installation of a fuel
movement restraining structure. Measurement of moderator temperature coefficient has
been carried out. Overall KAMINI reactor operation has given valuable experience with
regard to U233 fuelled reactor characteristics.

There are 3 beam tubes having a flux level of 108 n/cmVs, predominantly epithermal for
carrying out neutron radiography of highly radioactive fast reactor fiiel pins, control rods,
experimental subasscmblies, non radioactive objects and radiation physics experiments.
Trial neutron radiography was carried out using one of ihe beam tubes for standardising
exposure parameters and to evaluate ratio of epitbeimal / thermal flux in the beam.
Radiography of a sample PHWR fuel pin has shown good images.

A pneumatic fast transfer facility with irradiation location at the core periphery with a
flux of 1010 n/cm2 s is available for carrying out activation analysis and other short time
irradiations. Experiments have been carried out to obtain epithermal / thermal ratio, the
deviation from 1/v spectrum, and parameters required for carrying out activation
analysis.

Two irradiation thimbles for longer duration irradiation outside reflector zone with
motorised drive arrangement for loading samples up to 50 cc are available in reactor.

15
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ON THE UTILIZATION OF THE ETRR2 NEUTRON BEAMS IN RESEARCH AND APPLICATIONS
M.KHORSHID.FAYEK and A. MOHAMMED. SHOKR
Atomic Energy Authority Cairo., Egypt.

"The cold neutron research facility (CNRF) at the Egyptian Atomic Energy Authority Research Reactor
(ETRR-2) is now coming on line with first five experimental stations operational. The present article provides
an introduction of the facility"
Nuclear reactors are the most widely available neutron sources, and they are capable of producing very high fluxes
of neutrons having a considerable range of energies, from a few meV to 10 Mev. Therefore, these neutrons can be
used in many fields of basic research and for applications in physics, chemistry, medicine, biology, etc. Experiments
with research reactors over the last 50 years have laid the foundations of today's nuclear technology. In addition,
research reactors continue to be utilized as facilities for testing materials and in training manpower for nuclear
programs, because basic training on a research reactor provides an essential understanding of the nuclear process,
and personnel become accustomed to work under the special conditions resulting from irradiation and contamination
risks.
The Atomic Energy Authority of Egypt (AEA) has since its establishment 40 years ago developed into holding the
national leading role in the nuclear research and development. The first research reactor ETRR-1 commissioned in
1961, is one of the first reactors in the African content. The ETRR-1 is a 2 MWu, WWRS Russian type with
maximum thermal flux in core of 2 x 1013 n/cm2.s. the reactor was used for solid state, nuclear and reactor physics,
studies for chemical research, for isotopes production and for biological irradiation. Although the reactor operation
stopped for many times due to different reasons; hundreds of papers and reports concerned works connected directly
with the reactor were published. Due to the request of the Egyptian scientists in different fields and to meet the
increasing demands of neutron users in addition to the continued development of the different neutron experimental
techniques there was a decision to have a new reactor ETRR-2 with better technical facilities.[l]
The ETRR-2 project started in 1992, the reactor went critical for the first time on Nov. 1997 and reached its
designed maximum power in Mar. 1998. The reactor now is under the stage of experimental facilities commissioning
. The ETRR-2 design objectives are oriented to meet the basic nuclear requirements taking into account the
utilization group requirements. Such design objectives were adapted by (AEA) in order to use the reactor for
radioisotope production, medical and industrial purposes, basic and applied research in different disciplines (reactor
and neutron physics, nuclear solid state, condensed matter, nuclear engineering, material fuel tests and activation
analysis) for training the scientific and technical personnel.
Major specifications of ETRR-2
Reactor type
Thermal power
Thermal neutron flux
Fuel

open pool multipurpose reactor (MPR) light water moderated and Beryllium reflector.
22 MW
2.7 x 1014n/cm2sec.
19.75% enriched uranium

Experimental facilities : Horizontal beam tubes 2 -Tangential 3-Radial
1 cold neutron source-2 neutron guides(*'

A decision has been taken to install a cold neutron source based on liquid hydrogen, on account of its great capability
to supply a copious flux of long wavelength neutrons. The following is a brief report which describes the
characteristics design of the research facilities of neutron scattering to be installed. Some parts of the description are
contributed by the representatives of the users groups. The proposal for neutron scattering instruments were reviewed
and compared with existing facilities around the world, including those at leading laboratories in West Europe, East
Europe, Asia, and America. The recommendations that emerged from the discussions [2] imply the installation of five
instruments, which are considered most useful for present and prospective research fields, as well as appropriate to
the MPR characteristics.One instrument, the high resolution powder diffractometer (HRPD), will be installed in the
reactor hall, in front of the tangential tube and looking at a thermal (Beryllium) source in opposite side of the cold
source.
The principal experimental facilities for scattering experiments using thermal and cold neutrons are followed.
I. SMALL ANGLE NEUTRON SCATTERING FACILITY (SANS)
Monochromator
Wave length resolution
Q range
Detector

Distances collimators
Distances sample detector

' ' tobe installed

mechanical speed selector
10% <_&UX < 18% (FWHM)
5 x 10"3 A1 < Q < 1 A4

2D - position sensitive detector XY type with
64 x 64 elements each 10 x 10mm2

1 m, 2 m, 4 m, 8 m, 12 m
1 to 12 m continuously (horizontally) at 1 m : 0.3 m vertically
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II.TRTPLE-AXIS SPECTROMETER
Monochromator
Angular range
Wavelength range
Range of scattering angle

Analyzer
Range of scattering angle

Collimators

Polarization Analaysis
Monochromator
Analyzer
Guide fields
Spin flipper
Polarization

WITH POLARIZATION ANALYSIS (TAS)
Pyrolytic Graphite (002), with variable vertical curvature
30" < 29 < 150'
1.9meV<E<27meV . . • ^

-155 '<0<155 '

Pyrolytic Garaphite (002), with variable vertical curvature
-130' < 26 < 130" at analyzer

Gadolinium coated soller collimators before
sample, analyzer and detector divergences 20'. 40'. 60'

: Heusler III with variable vertical curvature
: Heusler III
: Vertical, various lengths, permanent magnets
: Mazei type with correction coils
: > 93%, R > 30 with 20 mm circular diaphragm

collimation : open - 20% - open - open
III. PROMPT GAMMA-RAY ACTIVATION ANALYSIS (PGAA] USING CN
Pair spectrometer : 25-30 cm3 (H.P. Ge.) detector placed inside the central hole of a cylindrical Nal (TI)

scintillators of 254 mm <j> and 254 mm L divided optically into 6 slices.
Compton-Suppression Spectrometer
IV- REFLECTOMETER
Monochromator
distance chopper to detector
Distance sample to detector
Wavelength resolution
Angular range
Angular resolution

Position of the surface
Typical accessible reflectivities
Detection
2 neutron guides
Number of cells
V- HIGH RESOLUTION POWDER

: Central H.P. (Ge) in a 240 mm <|> and 250 mmL Nal (TI)/BGO scintillator.

Chopper
«7.5m

«7.5m
fixd delta-lambda = 0.2 A A7JK

from 0 deg. to 2 deg.
0.003' - 0.01' (depending on collimation)

Horizontal
4 x 10"5 (with sample size 10 x 40 mm)
3He-XYtype
30% at 5 A
128 x128
DIFFRACTOMETER (HRPD)

Monochromator Bragg angle

Remote monochromator selection
Incident wavelength
Beam size at specimen
Resolution
Angular ranges

Collimation
Detection system

29M > 90'

Ge (511), focussing + additional monochromators
X> 1.54 A

: 25 x 50 mm2

: A d/d = 0.003
: 5" < 28 < 160' (Tandem configuration)

61< 26 < 61 + 50" (Butterfly configuration)
: down to T - 201 - T or cti = a3 = 10'
: Two banks each with 15 He3 (5* apart, 10 atm., 150 mm height)

The performance,^ each facility therfore is expected to be reported in detail after completion of installation and
operation.In conclusion the operation of large scale facilities is an important task of (AEA). These facilities are also
made available to scientists from universities other non university research institutes and industry, needless to say ,
foreign research groups will have opportunities for access to these facilities. With this context AEA operates its new
second research reactor for a neutron source to supply a variety ofmoderen instruments with thermal and cold
neutrons.
REFERENCES
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UTILIZATION OF LOW POWER REACTORS ON THERAPEUTIC
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Alan J. Blocky Research Reactor Facility, V.A. Medical Center, Omaha, NB, USA

Low power nuclear reactors play a key role in industrial, agricultural and
education, but the most relevant are the medical applications as radiopharmaceuticals
for diagnostic and therapy. Radiopharmaceuticals have a key component - a
radioisotope. Radiopharmaceuticals demand several specifications in order to fulfill
clinical uses. Consequently, the radionuclidic purity, specific activity and the total
activity of the radioisotope set the criteria as to if the radiopharmaceutical will be
useful. Specific activity is particular important in development of radiopharma-
ceuticals for therapy, because sufficient high lesion/non-lesion ratios should be
achieved. Radioisotopes produced by low neutron flux are of low to medium specific
activity. This problem can be overcome using enriched targets and via radioisotope
generators.

The TRIGA and open-core swimming-pool type reactors as the Portuguese
(RPI) and others with a thermal neutron fluxes in the range of 10u - 2x1013 n.cm^.s"1

have limited capacity for radioisotope production. It is crucial to evaluate if the
available neutron flux provides, or not, the suitable conditions to produce radio-
isotopes needed in biomedicine. In the case of RPI the operation cycle of 12 hr a day
operation for 5 days per week, and the possibility of 36 hr continuous irradiation
using a neutron flux of 1.6xlO13 n.cm'2.s'! was evaluated. Optimisation considers also
the cooling time using natural and enriched targets. Activation of samples in order to
test the theoretical studies was performed. Besides optimisation of reactor conditions,
the production of radioisotopes for therapeutic purposes with a half life in the range of
>2 hours to < 7 days requires the minimisation of targets deliver time from end-of-
bombardment, chemical processing and delivery to the hospitals for patient
administration. Several medical radioisotopes (^Cu, *Y, 109Pd, J"Sm, 165Dy, 166Ho,
169Er, 177Lu, 186Re and 198Au) are typically being produced at low power reactors. For
example, a natural target of Re metal yields >ll lMBq/mg of 186Re which is
appropriate for research and evaluation of labelled compounds. The specific activity is
doubled if the 185Re target is >96% isotopic enrichment. In the case of enriched
samarium targets, is possible to achieve a specific activity value 20 times higher than
natural.

The generator systems 199Pt -» 199Au and the n i Pd —» m A g are convenient
sources of high specific activity, to provide no-carrier-added radioisotopes in useful
quantities using natural > 99.99% chemical purity Pt and Pd foils.
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Seeking by new radiopharmaceuticals for bone palliation, we are engaged in a
molecular mechanics study using 13 bisphosphonates and 5 radiolanthanides (153Sm,
165Dy, 166Ho, 170Tm and Lu), /. e. 65 complexes aiming to find structure-activity
relationships, and the influence of the metal within the same bisphosphonate ligand.
Both in vitro and in vivo studies will be carried out in order to validate these
computational studies -

This study illustrates opportunities to enhance the utilization of low power
reactor facilities for cooperative investigations in biomedicine, and the provision of
therapeutic radioisotopes for research, radiopharmaceutical development and clinical
applications.
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STUDIES FOR PRODUCTION OF 99Mo IN THE IEA-Rlm REACTOR USING A
BERYLLIUM IRRADIATION ELEMENT
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Centra Tecnologico da Marinha em Sao Paulo (CTMSP), Sao Paulo, Brazil

This work is part a research program for obtaining radioisotopes not available in the
country and sought by the medical community. In this program the IEA-Rlm reactor
underwent a reform aiming at attending that purpose in which its power increased from 2 to
5 MW, and has been acquired a Beryllium Irradiation Element (EIBe) for producing 99Mo.
The method for 99Mo production chosen in IPEN is the neutron capture in the 99Mo when
irradiated in the reactor under the form of natural molybdenum oxide (MOO3) [1]. The
EIBe, occupying the space of a fuel element in the reactor support plate, consists of a Be
cube with two holes of 3,3 cm, aligned in diagonal in diagonal, which are denominated
irradiation channels.

This work seeks to study this irradiation element by comparing it with the other
irradiation elements currently in the IEA-Rlm reactor, namely the Water Irradiation
Element (EIA) and the Graphite Irradiation Element (EIGRA). The paper starts presenting
the basic ideas and methods which were used for comparing the three irradiation elements.
The measurements required by the analysis, namely, reaction rates and reactivities, are then
presented, followed by the results and the conclusions.

The beryllium irradiation element, EIBe, has the dimensions of the standard fuel
element, 60 x 8 x 8 cm3, and the two irradiation channels can each accommodate up to 8
capsules in the vertical position. The order irradiation elements also occupy a similar
volume of in the vertical direction, and in the EIGRA, the same capsules are positioned in
the horizontal direction and amounts to 24.

Table 1 outlines the experiments performed the reactor. In the experiments labeled
A were measured reaction rates along the irradiation elements, and in the experiments
labeled R were reaction rates inside the irradiation capsules. It was considered two
irradiation locations: position 45 nearer to the core reflector and position 65 in the center of
the core. For the measurements labeled A the activation foils or wires were mounted inside
the capsules on an aluminum support; the capsules which were not sealed, were filled with
water. For the experiments labeled R the procedure was the same except that three foils
were placed inside the irradiation capsule and one outside the capsule. The capsule was
filled with MOO3 powder in order to emulate more closely the actual irradiation
environment for the production of 99Mo, and positioned from top to bottom in the sixth of
the irradiation elements. The irradiation time was 60 minutes with the IEA-Rlm reactor
operating at 20 kW. The counting system was based on a Nal(Tl) detector, model 905
EG&G Ortec, and a multichannel analyzer, model Seiko 7800 EG&G Ortec.
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Table 1 Experiments performed for analyzing the irradiation elements for production
of "Mo in IEA-Rlm Reactor

Al

A2

A3

Rl

A4

A5

A6

R2

A7

A8

A9

R3

R4

R5

LOCATION
EIBe in
position 45
EIBe in
position 45
EIBe in
position 45

EIBe in
position 45

EIBe in
position 65
EIBe in
position 65
EIBe in
position 65
EIBe in
position 65

EIBe in
position 65
EIAin
position 65
EIGRA in
position 65
EIBe in
position 65

EIAin
position 65

EIGRA in
position 65

EXPERIMENT DESCRIPTION
Irradiation of 8 Au foils in channel A
Irradiation fo 8 Au foils covered with Cd in channel A
Irradiation of 8 Au foils in channel B
Irradiation fo 8 Au foils covered with Cd in channel B
Irradiation of 8 In foils covered with Cd in channel A
Irradiation fo 8 In foils covered with Cd in channel B

Irradiation of Al foils doped with Au inside a standard
irradiation capsule filled with MoO3

Irradiation of 8 Au foils in channel A
Irradiation fo 8 Au foils covered with Cd in channel A
Irradiation of Mo wires in channel A
Irradiation of Mo wires in channel B
Irradiation of Mo wires covered with Cd in channel A
Irradiation of Mo wires covered with Cd in channel B
Irradiation of Al foils doped with Au inside a standard
irradiation capsule filled with Mo03

Irradiation of 8 Au foils in channel A
Irradiation of 8 Au foils covered with Cd in channel A
Irradiation of 8 Au foils in channel A
Irradiation of 8 Au foils covered with Cd in channel A
Irradiation of 8 Au foils in channel A
Irradiation of 8 Au foils covered with Cd in channel A
Irradiation of Mo wires inside a standard capsule filled
with MoO3 - positions 5, 6 and 7

Irradiation of Mo wires inside a standard capsule filled
with M0O3 - positions 5, 6 and 7

Irradiation of Mo wires inside a standard capsule filled
with MoOs - positions 5, 6 and 7

OBJECTIVE
Distribution of thermal and epithermal
reaction rates along the EIBe channel A
Distribution of thermal and epithermal
reaction rates along the EIBe channel B
Distribution of fast neutron energy
reaction rates along the EIBe channel A
andB
Distribution of reaction rates inside the
standard irradiation capsule filled with
MoO3

Distribution of thermal and epithermal
reaction rates along the EIBe channel A
Distribution of Mo reaction rates along
the EIBe
Distribution of Mo reaction rates along
the EIBe.
Distribution of reaction rate inside the
standard irradiation capsule filled with
MoO,
Distribution of thermal and epithermal
reaction rates along the EIBe channel A
Distribution of thermal and epithermal
reaction rates along the EIBe channel A
Distribution of thermal and epithermal
reaction rates along the EIBe channel A
Distribution of reaction rate inside the
standard irradiation capsule filled with
MOO3 in the EIBe.
Distribution of reaction rate inside the
standard irradiation capsule filled with
MOO3 in the EIA
Distribution of reaction rate inside the
standard irradiation capsule filled with
MoOj in the EIGRA.

The results show some advantages of the Be irradiation element for producing
"tvlo: the epithermal neutron flux in the Be irradiation element approximately 15 % greater
than those in the water and graphite irradiation elements; the negative reactivity introduced
in the reactor by Be irradiation element is substantially samller than the those introduced by
the other elements: -1636 pcm for the Be element, -2568 pcm for graphite element and
-2977 pcm for the water element.
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The New Two-Axis Diffractometer, DIDE, at the
RPI Research Reactor Facility
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Physics Dept, Nuclear and Technological Institute (ITN),

E.N.10, 2686-95 3-Sacavem Codex, Portugal

A two-axis diffractometer (DIDE) to carry out structural studies in crystalline powder
samples is being constructed at ITN. The project to install the diffractometer was
launched following the offer of a neutron multidetector, formerly installed at the reactor
Siloe, in Grenoble, France, by the DSM of the French CEA in the framework of a co-
operation agreement with ITN. The instrument is being installed at one of the 6 inch
radial beam ports of the Portuguese 1 MW swimming pool type Research Reactor RPI —
a low thermal neutron flux facility (max. Oth=2xl01 cmV).

DIDE was designed to be a flexible instrument providing accessibility to various ^-ranges
and experimental resolutions, and allowing for set-up settings suitable for different kinds
of studies. The initial set-up favours intensity over resolution, and is optimised for the
investigation of magnetic structures.

SHIELDING

Figure 1 - Schematic view of the two-axis diffractometer DIDE and of its
beam-line. 1 - high order filter; 2 - collimator; 3 -focusing monochromator;
4 — collimator; 5 - sample chamber; 6 - beam-stop; 7 - detector.

The incoming beam cross-section at the monochromator position is 15x4 cm2 and its
divergence, oci, is defined by interchangeable Soller collimators. The instrument is
equipped with a vertically focusing monochromator placed in a fixed position, 1.5 m
away from the reactor wall, allowing for the installation of two different sets of
monochromating crystals. At start only one set of HOPG (002) crystals will be used.
Monochromator take-off angles can be chosen in the ranges 25°-65°; 85°-105°. The
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sample to monochromator distance can be varied from 1.4 m to 2 m. The divergence of
the beam impinging on the sample can also be defined by interchangeable Soller
collimators. The FWHM beam reference height at the sample position is 5 cm. The
detector is a BF3 filled multi-wire detector covering an angular range of 80° with an
angular resolution of 0.1°. A furnace and a cryostat are expected to be available by the
end of this year.
Beam profiles at the monochromator and sample positions were calculated by means of
Monte-Carlo simulation codes. Both shielding composition and neutron background level
at the detector were optimised by Monte-Carlo codes'-1-1 as well.
Calculated values of the neutron flux at the sample are shown in Figure 2.

£o

Q.
£
to
t/3

Figure 2 - Neutron flux at the sample in
open beam geometry.
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Compared performance with that of an existing time-of-flight diffractometer (ETV)
shows a considerable gain in intensity for the same experimental resolution. Upon
installation of the two-axis instrument, the use of ETV will be devoted to training and
experimental tests.
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Figure 3 - Compared performance of the new two-axis diffractometer, DIDE (full lines),
with that of an existing time-of-flight difractometer(fdled squares): a) resolution; b)
intensity.

REFERENCE
[l]Briemeister, J. F. (Ed.), MCNP - A general Monte-Carlo n-particle transport code, Version
4A,LA-12625-M,(1993).

23



XA9952338
IAEA-SM-360/13

DEVELOPMENT OF A METHODOLOGY FOR ANALYSIS OF
THE CRYSTALLINE QUALITY OF SINGLE CRYSTALS
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T. J. LEMAIRE
Universidade Estadual de Feira de Santana (UEFS), Feira de Santana, Brazil

Recently, a study of the crystalline quality of Czochralski grown BaLiF3 single
crystals has been published [1]. In the study, certain characteristics of intensity curves
(rocking curves), obtained by neutron diffraction, are correlated to several parameters
involved in the growth method. As pointed out by authors, neutrons are better than x-
rays for this purpose since they give information about the bulk of the crystal. A neutron
beam has, in general, a large cross-sectional area and a sample can be completely
immersed in it. Since neutrons are high-penetrating particles, for most materials, it is
possible to observe all crystalline domains of a sample simultaneously. An x-ray beam,
on the other hand, is infinitely less penetrating than a neutron beam and has, in general,
a small cross-sectional area. In this case, if the crystal is large, the x-ray diffraction
gives information about a very small portion of the crystal [1]. Unless the beam
impinges upon a domain boundary, a single domain is observed in a rocking curve.

Although the methodology employed in the above study led to useful results, it
is not suitable for a complete characterization of the crystalline domains of a sample.
This present work establishes a better methodology for the analysis of the crystalline
quality of single crystals, by using tridimensional rocking curves measured by neutron
diffraction. Tridimensional Intensity (I)xoxx plots, measured as Ixo rocking curves for
X stepping in a convenient interval, show, in general, several domains located at
different positions in the ox grid- In principle, it is possible to determine the number of
such domains, their relative intensities, mean breadth of each one and angular dispersion
between them. From a macroscopic point of view, determination of these characteristics
corresponds to an evaluation of the crystalline quality of the crystal under study.

For the development of the method, a tridimensional rocking curve Ixcoxx was
constructed with data obtained with an aluminum (single) crystal, shaped as a square
plate 8x8x1.5 cm3 and oriented with (111) planes parallel to the 8x8 cm2 face. Data
were collected on the IPEN neutron diffractometer, installed at the 2-MW IEA-Rlm
research reactor. In the beginning of the data analysis, the individual Ixo and Ixx
rocking curves, which constitute the tridimensional rocking curve, were fitted by
Gaussians. In continuation of the analysis, the instrumental broadenings in both
directions o and x were deconvolved from the individual Gaussians found in the fitting
procedure applied for each rocking curve Ixo and Ixx, respectively. The instrumental
broadenings were determined with a (perfect) lithium fluoride (LiF) single crystal as the
full widths at half maximum (FWHM) of the rocking curves measured around the o and
X axes. Owing to an enhanced Lorentz factor in direction %, the scale in this direction
had to be "shrunk" by a correction factor. This was done in order to make the FWHM of
domains in direction % equivalent to those found in direction o. The final step of the
analysis was carried out by using contour maps. The construction of contour maps, on
the bases of the tridimensional rocking curves, turns easier the characterization of

24



domains. A contour map for the aluminum crystal was constructed. In this map, the five
domains found in the analysis appear individualized. Individualization of domains
facilitates the determination of the breadth of each one, as well as the angular distances
between them. Table 1 lists the results found for the breadth of the domains, represented
by the FWHM in both directions, and their relative intensities (Ir) Table 2 lists the
angular distances A between each domain and all others.

Table 1:FWHM, for both directions co andx,,
relative intensities of the domains in the aluminum
crystal.

Domain
1
2
3
4
5

FWHMLO
0.1228
0.1173
0.2236
0.2061
0.0953

FWHM, (°)
0.1248
0.1678
0.2692
0.2497
0.1756

Ir(%)
16.70
38.26
100.00
77.16
11.71

Table 2:Angular distances between domains in the
aluminum crystal.

Combination

1-2
1-3
1-4
1-5
2-3
2-4
2-5
3-4
3-5
4-5

Angular
distance A (°)

0.1510
0.2655
0.4083
0.5628
0.1379
0.2864
0.4373
0.1487
0.3011
0.1544

The authors acknowledge the support of the Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico (CNPq) under contracts Nos. 400397/93-5
and 300136/94-3 (RN), and the International Atomic Energy Agency (IAEA) under
research contract No. 6974/RB.
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A NDP FACILITY TO PERFORM NON-DESTRUCTIVE SURFACE ANALYSIS
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NDP (Neutron Depth Profiling), born on 1972, is commonly used to perform non destructive
analysis of surfaces . The technique is conditioned on some specific isotopes such us 3He, ^Li, ?Be, 1UB,
14N, 1 7O, 22Na, 3 3 S , 3 5C1, 4 0 K and 59Ni, and it is used to determine the atomic concentration and
distribution of these elements in the near surface of solids as a function of depth. It makes use of those
neutron induced nuclear reactions with alpha particles or protons as reaction products that, when emerging
from the surface of the sample, will be properly counted and measured their energies. As a product of
each nuclear absorption reaction, a recoil nucleus will always be produced. Depending on the target
specific isotope, the proton, the alpha particle and recoil nucleus will have a characteristic energy. For
instance, Boron has the following reaction:

lOB + n -> 4He(1472keV) +7Li(840 keV)

NDP technique can probe non destructively the first microns of almost any condensed matter.
Depth profiles of all materials containing the isotopes listed above can be obtained; nevertheless those
materials not containing such isotopes could be doped with anyone of them.

The most relevant characteristics of NDP as an analytical technique are : (1) It is nondestructive.
(2) The isotopic concentrations are determined quantitatively. (3) Profiling measurements can be
performed in essentially all solid materials, being its depth resolution and depth of analysis dependent on
the material. (4) It is able to perform profiles across interfacial boundaries; and (5) There are few
interferences. [1]

Many are the uses of this technique. Hundreds of purely scientific, material science or
technological development publications bucks up this extensive utilization. The most common and
important applications of this nondestructive surface analysis are:

• Implantations
• Pre and post Irradiation Damage
• Interfacial Profiling

A lithium ceramic compound is studied here, with the purpose of seeing how the Li distribution in
the homogeneous powder would be affected after the high compression that it would receive to make the
pellet. A spectra and its correspondent depth profile are shown in Figures 1. and 2.

These mixed oxides are used as guests for the lithium in solutions as far as in solid state for
secondary lithium battery electrodes. The depth profile, Fig. 2, was extracted from the tritium spectrum,
the recoil nucleus, of the ^Li(n,a)3H reaction as shown in Fig. 1. And it shows that the atomic
concentration is just affected within the first 1.5 \im. The experimental error is ~ 10 %

NDP, as an analytical technique, has shown to be direct and useful to study the behavior of
surfaces and interfaces of almost any solid matrix.- Chilean facility (unique in the southern hemisphere),
together with the analytical methods developed, offers profiles with a very good resolution and sensibility
as compared with other facilities, as well as a reasonable irradiation times. The development of a
coincidence spectrometry [2] in order to enhance the resolution and the measurement times, is being
carried out.
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A new positron beam facility was developed at the HOR, a 2 MW pool-type
research reactor of the Interfaculty Reactor Institute of the Delft University of
Technology. The system makes use of the hard gamma rays emitted from the reactor
core due to the fission process and fission product decay. One of the HOR beam port
facilities is dedicated to continuous extraction of an intense positron beam for materials
research purposes [1).

After initial feasibility studies and prototype development, the soundness of the
positron source geometry, the positron extraction concept and the positron beam
transport was clearly demonstrated. Recently, a second generation full scale facility,
shown in Fig.l. was commissioned. A continuous positron beam with an intensity of
about 2 x 1 0 eVs has been obtained. The positron beam, extracted from the reactor, is
guided to the research facilities in an newly built experiment hall, adjacent to the reactor
building. The beam facility has been in operation successfully during continuous
testing over a couple of months, and the research facilities are being installed now.
These comprise a 2D-Angular Correlation of Annihilation Radiation detector
arrangemeni and a positron mierobeam facility.

Fig. 1: Overview of the positron beam facility at the HOR
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The source for generating the positrons is located at the front end of an
evacuated experimental tube, inserted into one of the standard beam tubes facing the
reactor core. It consists of four electrically isolated 25 nun thick disks with a
honeycomb structure assembled from an array of 25 micron thick tungsten foils. The
total positron emitting area in this geometry is about 2000 cm2. When exposed by the
hard gamma rays from the core, positrons are generated in the tungsten foils by the
electron-positron pair production process, thereby creating a steady state source of
positrons with the reactor running at power. By applying a proper electric potential
between the successive disks, an intense beam of positrons is extracted rather easily
from the target material. The extracted positron beam is focussed and guided away from
the reactor under high vacuum conditions by proper arrangement of electric and
magnetic fields. Recently, full scale commissioning tests have been performed
successfully [2]. The positron beam is well established and behaving in a stable way.
Fig. 2. shows (he obtained beam intensity as a function of reactor power as measured
during the several test periods. The inset of Pig. 2 shows the intensity distribution of the
beam measured by transmission of the beam through a 0.5 mm slit. From this data the
full beam width at half maximum (FWHM) of about 11 mm is derived.
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Fig.2: Beam intensity test results of full scale positron beam facility
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The experimental PHEBUS FP program is
dedicated to the study of core meltdown in a
light water reactor (PWR or BWR) during a
severe accident and to the behaviour of
released fission products ([1], [2]). This
program is led by the French Nuclear Safety
and Protection Institute (IPSN) in
collaboration with Electricite De France
(EDF), the European Union (UE), USA
(NRC), Canada (COG), Japan (NUPEC and
JAERI), South Korea (KAERI) and
Switzerland (HSK and PSI). It consists in a six
tests matrix (the Fission Products Tests:
« FPT »). At the present time, two tests, FPTO
(1993) and FPT1 (1996), had already been
carried out.

Those Fission Products Tests explore the core
degradation mechanism and the nature, the
quantities and the behaviour of the materials
resulting from the core degradation and of the
released radioactive products. For that
purpose, a core meltdown accident is
reproduced on a reduced scale. Such a core is
simulated by a one meter long bundle made up
of 20 fuel rods and one absorber rod located in
its center. The test device includes that bundle
surrounded respectively by insulating shroud
of thoria and zirconia and by the inconel test
device tube (see figure 1). This test device is
equipped with a large number of
instrumentation, such as thermocouples
located in the bundle and also ' inside and
outside the zirconia shroud (see figure 2).
Thanks the information given by those
thermocouples, the bundle degradation
mechanism and the location of molten
materials in the bundle (overheated zones) are
followed.

This test device is located inside the test cell at
the center of the PHEBUS reactor (driving
pool type reactor with a maximum power of
40MW). The experimental facility is
completed by a replica, on 1/5000* scale, of
the main elements of a nuclear reactor with a
primary circuit break on the hot leg (called the
«FP circuits »): the reactor coolant system
with the steam generator and a tank simulating
the containment.

Zircpnia
shroud

(8.5 mm)

Pressure tube
;(6mrn)

Thoria
layer

(2.5 mm)

Zirconia
spray

coating
(1.5 mm)

Figure 1: Test device section (FPT2)
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Figure 2 : thermocouples located in the bundle and
in the zirconia shroud (FPT2)

The test consists to stop the cooling of the
bundle by water (replaced by a little steam
flow rate) and to increase the power of the
PHEBUS reactor (which has its own coolant
circuit). That leads to the overheating and to
the melting of the bundle near 2200°C [1] and
to the release of the fission products which are
transported in the FP circuits through the
steam flow.

The objectives of each Fission Product Test
are expressed in term of bundle degradation
and FPs release and transport characteristics.
Those objectives fix the specific fuel
characteristics (irradiated or not, bundle or
debris bed geometry...) and thermal-hydraulic
conditions of each test. Moreover, strict
limitations are also imposed for safety
reasons.

Concerning a degradation of a 20 fuel rods
bundle (about 10kg), the objective is to melt at
least one kilo of molten fuel. Moreover, for the
test device safety, the maximal mass of molten
materials in the bundle is limited to 6kg (test
device conception regarding the water/molten
materials interaction). Those two minimal and
maximal limits leads to the definition of an

experimental objective of 2kg of molten fuel
taken into account all the uncertainties.

One test elaboration represents about three
years of work for several teams. It can be
divided in five main steps :

1- the study of all the phenomena which could
occur during the test in accordance with the
tect protocol and with the lessons learnt
from the previous tests,

2 - the definition of the probable bundle
degradation scenarii for the test,

3 - the pre-test calculations of all those
probable scenarii which put forward all the
main and interesting information which
enable us to define the test conduct,

4 - the definition of the test device
instrumentation to have access to those
information and the test device design and
construction,

5 - the definition of the test conduct strategy
which enables to reach the experimental
objective (always inside the safety limits)
whatever could be the evolution of the
instrumentation and the bundle
degradation scenario.

The lessons learnt from FPTO and FPT1 put
forward a progressive mechanism of bundle
degradation. This mechanism results from all
the interactions between the bundle materials
inducing early liquefaction process (metals,
metallic oxides and ceramics). The bundle
degradation leads to a fuel accumulation in the
bundle bottom which generates a modification
of the axial temperature profile in the shroud
(see figure 3).
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Consequently, for the next tests, the test
conduct strategy is based on the monitoring of
the evolution of the axial mass location of the
materials in the bundle. A specific shut down
criterion is used to monitor the axial mass
location of the materials : it is called the
«temperature axial profile deformation
criterion». This criterion manages the
modification of the axial temperature in the
shroud using the inside shroud thermocouples
measurements (study of the evolution of the
difference, called « X » in figure 3, between
the average of the temperatures in the middle
of the bundle and the temperature of each
instrumented level at the bottom of the
bundle). A threshold value of the criterion (X
corresponding to 2kg) is defined for each
lower level.

Several shutdown conditions are adapted to the
instrumentation availability: they define, in
accordance with the real inside shroud
instrumentation state, the number of inside
shroud thermocouples which have to reach the
threshold to stop the test. Those shutdown
conditions are beforehand validated by being
applied on the hundreds possible cases of
inside shroud instrumentation : by the way the
experimental objective is reached with a
minimum risk of stopping the test too early or
too late.

Practically the test conduct strategy is
expressed in term of:

- computerised supports to the operators: data
acquisition systems, computerisation of all
the shutdown conditions of the test,

- ergonomic optimisation allowing a good
communication between operators,

- the formation of some thirty operators
involved in the test conduct.

One Fission Product Test can be resumed by
three years of preparation, one day of
realisation, and again three years for the
analyses of the results. The FPTO and FPT1
tests put forward the fact that the core melt at
around 2200°C, so at 600°C less than what
was initially predicted... Others important
information result from the analyses of the FPs
release, transport and behaviour.
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Introduction
The Czech Republic uses nuclear energy for a wide range of purposes. It not only uses nuclear
energy for the production of electricity (e.g., the operational Dukovany nuclear power plant and the
Temelin nuclear power plant, which is under construction), but the Czech Republic also takes part
in uranium mining, nuclear facilities production, nuclear waste management, R&D (from nuclear
and reactor physics to radiobiology) and health physics. At 4:25 p.m. on December 3, 1990 in
Prague, a training nuclear reactor was started up at the Czech Technical University's (CTU) Faculty
of Nuclear Sciences and Physical Engineering. Thus, the CTU became one of the dozens of
universities that operate reactors for teaching as well as research purposes.

Basic Technical Parameters of the Reactor
Rated Power:
Fuel:
Reactor Shielding:

Control System:
Neutron source

1 kW (thermal), 5 kW for a short time period
IRT-3M type, 235U enrichment 36% (imported from Russia)
above core water layer 3,000 mm
side water layer about 850 mm + super heavy

concrete layer 950 mm
5-7 control rods UR-70 (according to the core configuration)
type Am-Be, activity 185 GBq, emission rate of l.lxlO7 s"1

33



Use of the VR-1 Reactor
The VR-1 reactor is operated particularly for the training of university students and nuclear power
plant personnel, R&D, and information services for non-military nuclear energy. Training on the
VR-1 reactor provides students with experience in reactor and neutron physics, dosimetry, nuclear
safety, and nuclear installation operation. Students from technical universities and from natural
sciences universities come to the reactor for training.

Every year 200 university students will become familiar with the reactor (lectures, experiments,
experimental and diploma works, etc.). About 12 different faculties from Czech universities use the
reactor (e.g., the Czech Technical University and Charles University in Prague, the Technical
University and Masaryk University in Brno, Western Bohemia University in Plzefi, the Technical
University in Ostrava, etc).

International co-operation is frequent. Co-operation with European universities like
Fachhochschulle in Aachen, the Technical University in Budapest, the Technical University in
Vienna, the Slovak Technical University in Bratislava, the Technical University in Delft, Imperial
College in London, etc. are especially worth mentioning.

Currently, students can go through more than 20 experimental exercises. Many study materials
(textbooks [1], experiment procedures, diagrams, protocols) have been prepared. The following is a
list of some of the experiments performed on the VR-1 reactor:
• Properties of neutron detectors for nuclear reactor control
• Measurement of delayed neutrons
• Determination of the effect of various materials on the reactivity of the reactor
• Measurement of thermal neutron flux density
• Measurements of reactivity by various methods
• Calibration of control rods
• Approach to the critical state
• Study of nuclear reactor dynamics
• Start-up and operation of the VR-1 reactor
• Gamma spectroscopy and Neutron Activation Analyses

Further training courses have been included to provide special training for selected specialists from
Czech Nuclear Power Plants.

Important parts of reactor operation are information services and promotional activities in the field
of nuclear power. Many visitors, mainly high school students, come to the reactor. The reactor staff
prepares an attractive program including reactor operation. Every year more than 1500 high school
students come to the reactor, as do many foreigner visitors.

References
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The paper will present the main features of French nuclear research reactors and the operators' approach to perform

periodic safety reviews taking into account the changes introduced over the years in regulatory requirements and

assessment practices. Safety issues for future research reactors will also be mentioned.

French research reactors presently operating were commissioned from the sixties to the eighties, consequently:

• some of them are rather old, but their operation should be continued for a number of years in several cases due to

their interest for certain research activities or their particular technological features;

• as no new reactor was built since the eighties, no recent reference, especially for regulatory aspects, exists for the

design and construction of future projects.

CEA, as any licensee, is responsible for the safety of its facilities and regularly performs reviews to check that it is
adequate. The regulator also asks for periodical safety reviews and has to be satisfied with their results.
Since the sixties, in France as anywhere else, regulatory safety requirements as well as assessment methods and
practices for all nuclear facilities significantly changed. In this context, periodical safety reviews have to cover three
steps and assess the facility conformity with:

• its initial features as originally justified,

• its initial safety objectives as justified with present methods and practices,

• present safety objectives as set in the most recent regulatory requirements.

1. Conformity of the facility with its initial features as originally justified
At this stage, ageing effects, especially due to irradiaton, are the main concern : the integrity of the components most

important to the safety of the plant must be checked by appropriate in service inspections. Some older reactors have to

be definitely shutdown because this requirement cannot be met. Two lessons are drawn from this experience:

• as regards older reactors, the need for developing, in due time, adequate inspection techniques and devices,

• as regards future reactors, the need for taking into account component inspectability in the design.

2. Conformity of the facilty with its initial safety objectives as justified with present methods and practices
One key aspect, at this stage, is operational experience feedback from the plant, and other similar plants.
Another key aspect is to provide justifications, against initial safety objectives, using today's methods and criteria. The
concept of demonstration, in France, at the moment, is increasingly demanding : not only "strong evidence" but "quasi
certainty" frequently has to be provided by the operator. The presentation will develop this through practical examples.
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Conformity of the facilty with present safety objectives as set in the most recent regulatory requirements

The regulatory requirements significantly increased over the years in some areas such as

• external hazards, especially earthquake hazard,

• fire hazard,

• control of operation back end: discharges and waste management and minimization, useless radioactive devices.

For future reactors, the preliminary lessons learnt from safety reviews of older reactors for defining the safety features
will also be briefly presented. Besides, the new safety objectives assigned to future power plants, such as severe
accident control, will be reviewed as a reference for research reactors.

These issues will be detailed in the presentation taking into account some specificities such as:

• the fact that research facilities being generally unique and mostly prototype, it is more difficult than for commercial

facilities, even if necessary, to implement experience feedback,

• the need for adapting the reactor core or experimental devices to research programmes which, by nature, cannot be

anticipated long in advance,

• the particular operation context with operators and researchers who should share a common safety culture.

Finally, the presentation will highlight those topics on which CEA might like to share experience with foreign counterparts

within IAEA.
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From the view of responsibility for health and nuclear safety, this work presents a
frame work for the application of nuclear regulatory rules to ensure safe operation for the sake
of obtaining or maintaining operation licensing for nuclear Research Reactors. It has been
performed in accordance with the recent revision of the IAEA research reactor safety
regulations which clearly states that the scope of application should include all research
reactors being designed, constructed, commissioned, operated, modified or decommissioned.
From that concept, the present work can be considered a guide to put out-lines for the
requirements of the rules of both nuclear regulatory inspection and enforcement as well as the
regulatory rules for different licensing phases for research reactors. The present established
frame for the guiding rules is then applied to the Egyptian Research Reactors, namely; the first
ET-RR-1 that was constructed and still operating since 1961 and the second Argentinean one.

For the ET-RR-1 reactor, all operational activities, including maintenance, testing,
inspection, modification and experiments should meet the appropriate regulatory compliance
action program. For the new Argentinean one (MPR research reactor), all design,
construction, commissioning and operational phases should also meet the regulatory inspection
and enforcement action program of the operational licensing safety requirements.
Regulations are issued by the government, or by the regulatory body (RB) on behalf of the
government. The principal purpose in establishing a system of the operational licensing
regulations for a nuclear facility is to codify the safety requirements of general applicability.
Such operational licensing regulations aim finally at ensuring the safety of the operating
personnel and the public. The regulations should also express -at least- the minimum
requirements considered necessary by the regulatory body for achieving and maintaining safety.
Moreover, they should cover all major aspects to be dealt with at all licensing phases i.e. siting,
construction, commissioning and reactor operation. To assure that all these licensing phases
are safely maintained, a regulatory compliance action program should also be established and
implemented including both regulatory inspection (RI) and regulatory enforcement (RE)
actions . Thus, the safety requirements of the operation licensing (SROL) of any research
reactor should involve the establishment of the regulatory licensing system including the layout
of the regulatory rules covering all licensing phases (LP) as well as conducting the regulatory
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compliance action program. In this work, the general structure of the SROL for research
reactors is created, for the first time, and then applied on the Egyptian Research Reactors.

Figure (1) illustrates the general structure diagram for the SROL in research reactors.
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Fig (1) General Structure of SROL in Research Reactors
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In 1998 the Russian Federation Regulatory Authority for Nuclear
and Radiation safety was conducting the regulation and inspection
activity related to nuclear and radiation safety at 113 nuclear
research reactor facilities (41 reactors, 53 critical and 19
subcritical assemblies)[1].

In 1993 Gosatomnadzor of Russia made its first attempt to
establish a nuclear research facilities safety classification based on
the level of hazards a facility may represent as follows:

Group 1; Nominal Power up to 100 MWt for which there is a
potential for severe accidents in all INES scale,
Group 2: Nominal Power up to 20 MWt , devoted to a nuclear
core physics studyr training, and isotope production.
Group 3: Nominal Power up to 1 MWt where it may not be
necessary to organize a forced cool-down of the reactor core.

This classification was made to some extent arbitrary. According
to this classification all facilities wets analyzed and divided into
three safety groups as shown on Figure 1:
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FIGURE 1:
Distribution, of nuclear research facilities by safety groups

At present the work is being continued to develop more
scientifically proven basis for the safety group classification.

In Table 1 below, as an example, a list of some operational
research reactors of the first two groups is presented [2]-

The number of NRF in operation was continuing to reduce in 1998
due to three major factors'.

• difficult financial situation the operators encountered;
• loss of some staff due to retirement and other reasons; and
• reactor systems aging.
Thus, in 1998 only 51 facilities were in operation (61 in 1997),

56 {46 in 1997) were shutdown, conserved and at the stage of mailing
decision on their decommissioning. Six new reactors were at the
construction stage.

Of all reactors in operation and conserved, about 30% have the age
of 30 and more years.

Due to putting in force the Federal Law on atomic energy use,
Gosatomr.adzor of Russia is conducting the licensing of the objects of
atomic energy use. At present a 39 licenses tor the nuclear research
reactors operation have been issued for the period of 5 years.

The safety assessment during licensing is based on: a) operational
violations, safe handling of radioactive wastes and nuclear materials,
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radioactive effluents and emissions, radiation exposure to personnel,
including invited persons, and the public, emergency preparedness for
personnel and the public, and the status of accounting and safeguard
of aualear materials.
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6
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Table 1:
A l i s t of Some Rosaaroll Reactors of the I6* and. 2nd safety group
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Introduction

During the VR-1 Reactor operation number of improvement was achieved. Three of them: new
safety analysis report; change of fuel type; and control and safety system are the most important
from the safety-related point of view.

Safety analysis report

Five years after the VR-1 started operation, new safety analysis report SAR was prepared in 1995.
New SAR was development according State Office for Nuclear Safety requirements and the IAEA
recommendation (Safety Series No. 35-G1). SAR deal with all safety aspects of the operation VR-1
Reactor, mainly:

1. Neutronic calculations and comparision with experiments

2. Reactor utilisation, experimental programme

3. Conduct of operations, operating instructions and procedures, maintenance, physical security

4. Safety analysis

5. Operational limits and conditions

6. Quality assurance Programmes

7. Emergency planning and preparedness

After change of fuel type Appendix No.l SAR was prepared, which contains safety-related aspects
of using the IRT-3M fuel and supposed power increasing from lkW up to 5 kW. Both does not
exceed the nuclear safety values as verified for both the operational and safety points of view,
according to the valid documentation and the State Office for Nuclear Safety approvals and
authorisations.

Preparation of the new SAR for the reactor VR-1 was very useful and brought at the same time new
aspects and views on nuclear safety and cultural safety in the operation and utilization of the reactor
VR-1. Next SAR will be elaborated 10-12 years after the VR-1 started operation (e.g. 2000-2002).

Change of fuel type on the reactor

During spring 1997, the old type of fuel assemblies IRT-2M was replaced by the assemblies of IRT-
3M type on the reactor VR-1, but no change in the enrichment was made, its remained as 36% U235.
The replacement itself was carried out in close co-operation with the Nuclear Research Institute
Rez, as related to the operation of the research reactor LVR-15. The fuel replacement on the VR-1
reactor is a part of the international RERTR programme. Operating experiences with IRT-3M fuel a
generally good. IRT-3M critical configurations are generally smaller and most undermoderated. At
present several new configurations are being prepared (including the compact configuration with
the minimum number of fuel assemblies).
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Control and safety system innovation

Even if the present control and safety system of the VR-1 training reactor fully covers the demands
that are put on it, its technical design is obsolete to a certain extent at the present time. Furthermore,
during development and production, some new internationally respected demands to ensure the
quality and the qualification (e.g. the IAEA, IEC, and IEEE recommendations and standards) were
not or could not be considered. Therefore, it was decided to invent the present control and safety
system with the aim to apply the latest available techniques and technology with observing the
above mentioned recommendations and standards.

The safety part of the control and safety system consists of four measuring channels and four
independent power limiting channels. The measuring channels use the wide range fission chambers
close to the active core and evaluate neutron flux (power), period and deviation from set-up power
in the whole operating range of the reactor. The measuring channels are equipped with numeric
displays to indicate the status of the active core even if the information system fails. Four
independent power limiting channels are equipped with boron chambers under the reactor vessel
and measure power and period in the last two decades of the reactor power range. Both measuring
and power limiting channels are connected to hardwired relay safety circuits, which evaluate safety
signals from each channel group in the logic 2 out of 3 (both fourth channels are on reserve in case
an active channel fails) and decide the shut down of the reactor. For hardware (HW) as well as
software (SW) diversity, the channels are constructed using either NEC V25 (measuring channels)
or ZILOG Z181 (power limiting channels) microcontrollers.

V [
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19

1 measuring channels 1 -4
2 numeric displays of measunng channels
3 power limiting channels 1 -4
4 safety circuits
5 control rods 1-7
6 multibus interface
7 system multibus

8 control channel 1
9 control channel 2

10 control of auxiliary bus
11 auxiliary bus
12 buttons
13 indicators
14 linear writer

15 information system PC
16 keyboard
17 monochromatic monitor
18 colour monitor
19 printer

Fig. 1 Block diagram of the innovative control and safety system
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MANAGEMENT PLANNING AT THE IMPERIAL COLLEGE REACTOR
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Since 1997, the 100 kW CONSORT pool-type reactor [1] has been the only civil nuclear
research reactor in the UK. Because of its strategic importance, operation is required up to a
provisional date of 2028. In line with this aim, Imperial College is undertaking a mandatory
periodic safety review. This paper will concentrate on the hazards analysis and waste managemen
problems. CONSORT operates under a Nuclear Site Licence granted by the regulator, the Nucleai
Installations Inspectorate (NIT) of the Health & Safety Executive (HSE). Although it is recognisec
by the regulator that the low power and the low overall source term of this reactor make it a speci;
case, CONSORT operates under the same 35 Site Licence Conditions (SLCs) as the other UK
nuclear installations. It has a dedicated Site Inspector, shared with other minor sites. SLC 15 of th
arrangements require safety case review every 10 years; the latest review began in late 1995, and
the extended report will be formally submitted to Nil in December 1999. As the only operating U
research reactor, CONSORT requires a robust safety case, which is constructed relevant to the
hazards, made with suitable tools. However, because other reactors moved to the decommissionin
phase before their periodic reviews were required, there is no UK benchmark for licensing in
today's climate. One additional peculiarity is that UK recommendations are written assuming that
members of the public are off-site; not the case at this training and experimental facility. The
guidelines have in fact been conservatively followed for on-site hazards.

With the overall aim to licence for the future, and the caveat on licensing structure, Imperi
College is producing a safety case based upon IAEA Guidelines [2], specifically adapted to UK
legislation in the area of safety assessment principles [3]. This will update the safety case from its
current deterministic basis, with calculations made using basic principles, to take advantage of
computer code systems available and incorporating probabilistic safety assessment. This safety ca
will be a series of top-tier documents referencing the more detailed information from existing or
specially written supporting documents, which in many cases will be "live" documents.

Hazards were identified based upon IAEA recommendations in conjunction with two
brainstorming sessions. Event trees were constructed to enable the probabilistic safety assessment
be made, either based upon the frequencies of individual events from the operating history, or
conservative assumptions of immediate failure. The calculated significance of transients has lead
changes in emphasis in some of the events. This is a useful lesson to pass on, as frequencies and
hazards may change during the course of the review process.

To assess the likely behaviour during steady state and transient events, a hydrodynamic an
point kinetics model has been constructed using the Argonne National Laboratory code PARET.
Correct implementation of the code is ensured by application to the IAEA standard research react
problem. Cooling for CONSORT is unusual, with just 10% forced flow, and the remainder suppli
by convective forces. It has been found that it is suitable if only the latter is selected in PARET.
Benchmarking was performed to confirm the suitability of the PARET code. In normal operation,
coolant flow velocity was calculated to 1.4% (within measurement uncertainty) and feedback
behaviour to -0.002%°C'\ One limitation to the PARET code has been found to be the fixed ink
temperature, although it has been concluded that the model remains suitable for CONSORT.
Particular emphasis was places on sensitivity studies where parameters have uncertainties that are
difficult to quantify. In this instance, conservative parameters were chosen, such that the effect of
any error would be to reduce the size of the radiological consequence. All potential reactivity faul
have been identified in for the reactor system. A radiological assessment of normal operational
behaviour and behaviour during faults was made, with fission product inventory calculated using
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the FISPIN code. Although power was shown to reach 2.7 MW in unprotected faults, negative
feedback terminated the faults in every case, and the peak fuel clad temperature calculated by
PARET was just 130°C. A review of fuel performance was carried out which has highlighted that
there is limited information available on failure criteria in long-term operation of uranium-
aluminium alloy fuel beyond 30 years. The lowest temperature at which clad rupture was found to
occur was 300°C at the MARIA reactor [4], where rupture was forced. Therefore, clad rupture is not
felt to be important for licensing reactors such as CONSORT operating at low temperatures, but this
may not be the case for higher rated reactors. PARET has showcrthat for all the reactivity faults
(refuelling errors, control rod withdrawal, injection of either-large positive or negative reactivities,
loss of pump flow), with control system protection assumed to be unavailable at appropriate
frequencies, the consequence is restricted to a small elevation in direct radiation dose. The
associated risk has been predicted to be just 5 x 10"10 yr'1, because of the extremely narrow width of
the power spikes, and the robustness of the shielding. The latest statistical information for
earthquake and aircraft crash in the UK have been assessed for the site. Mechanical damage to fuel
has been concluded to be the only external issue that requires the consequence of contamination
from fission product release to be calculated. In fact, limited information on the potential for
damage of aluminium clad metal alloys fuels has lead to some conservative assumptions being
made that will be discussed. Fuel clad corrosion has often been said to be a problem by operators
with poor control on coolant pH and conductivity. For CONSORT, however, water coolant
chemistry has always been within the recommended specification that came out of the latest IAEA
review. Overall risk of death to an operator was calculated to be 0.6 x lO^yr"1. Whilst the evidence
from existing coolant monitoring programs does not suggest any problems with structural integrity
of fuel, we plan to examine core internals during the outage, with results to be presented at Lisbon.

As part of the safety case, planning for decommissioning must also be included.
Additionally, two significant pieces of UK legislation exist requiring operators of all UK nuclear
licensed sites, again including just the Imperial College research reactor, to further develop waste
management and decommissioning plans. Firstly, the UK Government completed a review of waste
management, which lead to a White Paper requiring a strategy to be put in place with NIL
Secondly, the organisation monitoring discharges from all UK nuclear licensed sites, the
Environment Agency, requires waste management plans to be placed in the public domain.

This review has highlighted several issues that are probably common to many research
reactor operators. The importance of the management of change, succession planing, and the
retention of corporate knowledge are all important issues in small organisations, especially for
countries with very limited infrastructure for the end-of-Iife phase of-a research reactor.

Another major factor for reviewing strategy has been the announcements related to the
cessation of reprocessing operations at UKAEA Dounreay, due to a safety audit by the regulator,
and later for commercial reasons. This may be a major problem for countries that have no other fuel
disposal route traditionally available. To conclude, it is vitally important for all operators to now
plan for the back end of the fuel cycle, as existing facilities may not be available in the future
without planning at this early stage.
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This presentation deals with the neutronic and thermal hydraulic analysis of the 3 MW TRIGA
MARK II research reactor to upgrade it to a higher flux. The upgrading will need a major reshuffling and
reconfiguration of the current core. To realize this objective, the overall strategy followed is: (i) generation
of problem dependent cross section library from basic Evaluated Nuclear Data Files such as ENDF/B-VI,
JENDL3.2 with NJOY94.10+ \ (ii) use WIMSD-5 2 package to generate cell constants for all of the
materials in the core and its immediate neighborhood, (iii) use CITATION 3 to perform 3-D global
analysis of the core to study multiplication factor, neutron flux and power distributions, power peaking
factors, temperature reactivity coefficients, etc., (iv) couple output of CITATION with PARET 4 to study
thermal hydraulic behavior to predict safety margins, (v) check the validity of the deterministic codes with
the Monte Carlo code MCNP4B2 5, and (vi) reshuffle the current core configuration to achieve the desired
objectives. The computational methods, tools and techniques, customization of cross section libraries,
various models for cells and super cells, and a lot of associated utilities have been standardized and
established/validated for the overall core analysis.

Analyses using the 4-group and 7-group libraries of macroscopic cross sections generated from
the 69-group WIMSD-5 library were performed to study the effect of energy group structure on neutronics
parameters. Various studies showed that a 7- group structure is more suitable for TRIGA calculations
considering its LEU fuel composition. The 7-group calculation predicts the experimental value of K-ff
(1.077459) with an accuracy of 0.2%, whereas the 4-group calculation yields K<>ff with 0.4% accuracy, in
the case of wet CT. So the neutronic analyses were performed using 7-group structure. Table I shows a
comparison of the values of the flux distributions obtained from the calculations and experiment at
irradiation location in the CT. It may be observed that our calculations overpredict in case of the dry CT
and underpredict in the case of wet CT. The maximum error with the experiment was found for wet CT at
core midplane with 32% underprediction.

Table I
Comparison of the flux values at Dry & Wet CT with the experimental results

Group

4-G

7-G

Wet
Maximum Th. Flux

(xlO13)
Calc.

(err. %)
6.596
(36%)
7.031
(32%)

Expt.

10.4

Epi. Th. Flux
(xlO13)

Calc.
(err. %)

2.17
(14%)
2.21
(12%)

Expt.

2.53

Dry
Maximum Th. Flux

(xlO13)
Calc.

(err. %)
5.939
(-7%)
6.318
(-14%)

Expt.

5.56

Epi. Th. Flux
(xlO13)

Calc.
(err. %)

2.05
(-19%)
2.08
(-21%)

Expt.

1.71

The power distributions in the X, Y, and Z-planes of the core were studied to locate the Hot-spot
i.e., the point at which maximum power density occurs and it was found at the fuel position C4. The axial
power distribution ( distribution in the Z-plane ) was used for the thermal hydraulic analysis of the core.
The power peaking factors were calculated with WIMSD-5 and CITATION together. The total peaking
factor defined as a product of hot rod factor, axial peaking factor, and radial peaking factor is found to be
fT = fm x fz x fR = 1.875x1.239x2.535 =5.887 for wet CT compared to SAR value of fT =
1.70x1.25x2.65=5.633. The same for dry CT is fT = 1.886x1.236x2.535=5.909.

The fuel temperature coefficient af, another important safety parameter, has been calculated
through global calculation by using CITATION. The average curve of af with temperature at zero burn-up
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shows that the curve deviates a little with that reported in the SAR for LEU fuel. The temperature curve
that has been obtained by averaging the CITATION results was used through least square fitting method in
the thermal hydraulic analysis of the core.
The testing of the PARET model calculations has been accomplished through benchmarking the available
TRIGA operational data and the SAR values, both for steady state and pulse mode operations. For the
steady state analysis the hot channel and an average channel were considered to obtain the most important
safety margins. The axial distribution of temperatures of fuel centre line, fuel surface, clad outer surface
and coolant were calculated. The peak value for the fuel centre line temperature in the hot channel is found
to be 804.35 ° C which is higher than the SAR value of 725 ° C. It is observed from our calculation that
the bulk coolant temperature from inlet to outlet increases by 6.94°C and 4.08° C respectively in the hot
and average channel compared to SAR value 4.3° C in the average channel. Pulsed parameters were
analyzed at an insertion of $1,996 reactivity to benchmark the experimental values available in the SAR.
It was observed that the power peaks after 0.272 sec and its value is 844.75 MW which compares
reasonably well with the experimental value of 852 MW. The prompt energy released is 19.9 MW-sec
compared to an experimental value of 18.3 MW-sec. This agreement establishes the fact that the quality
of modeling of TRIGA in PARET for transient analysis is good. The maximum temperatures in the fuel
centre line, fuel surface, and clad surface are 481.9° C, 399.8° C, 152.2° C and 323.6° C, 267.3° C, 110.8°
C for the hot channel and average channel respectively.

Monte Carlo calculations were performed to verify the qualitative predictive capability of the
deterministic codes used so far in the current analysis. The cross sections used in the MCNP model were
from the ENDF/B-VI and JENDL3.2 cross section data. The multiplication factor Keff predicted were
1.07620 (± 0.00162) and 1.07892 (± 0.00160) obtained with ENDF/B-VI and JENDL3.2 cross section
libraries respectively and compared very well with the measured value of 1.077459.

The current core was reconfigured keeping in mind the upgrading of the flux in some desired
locations. In the reconfigured core, graphite dummy element at C-6 was taken out of the core to create a
new irradiation channel. The fuel elements D-8 & D-9 around C-6 were exchanged with graphite
dummies at G-12 & G-18. Another new irradiation channel was created at location C-10. The fuel
elements at C-10 was moved to G-8 position. The fuel elements D-14 & D-15 around C-10 were
exchanged with the dummy elements at G-24 and G-2 locations. Fluxes identical to the current CT were
found in the new irradiation channel.
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NRG is a new company, founded in September 1998 after a merger of the nuclear
departments of ECN (Netherlands Energy Research Foundation) and KEMA. Since the staff
of NRG originates from the nuclear departments of ECN and KEMA, NRG acquired more
than 35 years of experience in the nuclear field. Amongst others this includes experience in
the operation of a wide range of nuclear facilities, viz:
• Operation of the 45 MW High Flux Reactor of the European Commission for materials

testing, (medical) isotope production and BNCT;
• Operation of a 30 kW Argonaut Low Flux Reactor for training and biological applications;
• Operation of Hot Cells for materials testing and isotope separation;
• Overall responsibility of a Molybdenum Production Facility
• Operation of a Decontamination and Waste Treatment facility for both internal and

external services.

Up to the early eighties, Quality, Safety and Licence management was characterised by a
static process of maintaining the licences, issued at the start of the facility. In the beginning
of the eighties the regulatory body in the Netherlands required a more formal approach of
Quality Assurance to be applied by the HFR and LFR in order to assure operation in
compliance with the licences.
In recent years a more and more dynamic Quality, Safety and Licensing management has
become necessary to comply with both more stringent licensing requirements as well as a
more market driven management of the nuclear facilities.

The present operation of al! nuclear facilities are covered by several in open ended licences.
In view of today's licensing policy of the competent authorities and in view of anticipated new
fields of application for all nuclear facilities (i.e. patient treatment, industrial like production
activities, production type decontamination activities, development of new medical isotopes,
etc) a renewal and extension of both HFR's licence as well as NRG's site licence are
foreseen.

Conforming with licence requirements, a safety re-evaluation for the LFR has been carried
out. With IAEA's SS 35 as reference, about 50 improvement measures have been identified.
About 30 percent of the shortcomings concerned outdated documentation, 20 percent to
administrative procedures, 20 percent to proposals for optimising reactor operation and
maintenance, 20 percent to additional analyses and 10 % to improve measures concerning
minor technical modifications.

In preparation of the application for a new licence of the HFR, a complete reappraisal of the
reactor documentation is in progress, additional safety analyses such as earthquake
analyses and stress calculations of the containment building have been carried out,
conforming to the latest standards. At this moment an extended safety re-evaluation
conforming to IAEA's SS 50 O12 "Periodic Safety Re-evaluation for Nuclear Power Plants" is
in progress. This safety re-evaluation should consist of an evaluation of the Technical,
Organisational, Personnel and Administrative (TOPA) provisions with respect to the nuclear
safety and the health physics aspects of the operation and utilisation of the HFR. Since no
reference-licensing basis for a 50 MW research reactor was available, a reference-licensing
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basis had to be defined. The reference licensing basis consists of a main body of the
relevant sections of IAEA SS 35 standards and guides extended with additional
requirements originating from IAEA's SS 50 series on design, operation and quality
assurance. The reference-licensing basis has been agreed upon with the regulatory body.

The next phase will consist of the comparison of the present situation with the reference-
licensing basis, resulting in an overview of TOPA weaknesses and shortcomings. In the last
stage, the safety improvement measures have to be identified and agreed with the
regulatory body.
In addition to the safety re-evaluation, a Risk Scoping Study (level 1 mini PSA) has to be
performed in order to assure that the deterministic safety analyses performed for the HFR do
not show any deficiencies which could cause undue risk to the public. Based on the
specifications which have been agreed with the regulatory body, the Risk Scoping Study has
been contracted out.

For the HFR, loading due to earthquakes was considered not to be applicable for the Petten
site. However in recent years, several minor earthquakes have occurred in the Netherlands.
Especially earthquakes with the epicentre near Purmerend and Alkmaar (1994) have given
rise to the need of additional seismic evaluation of the HFR. These earthquakes are thought to
be linked with the nearby exploration of natural gas. Both earthquakes had an intensity of VI to
VII on the scale of Mercalli, which corresponds with a Richter magnitude of 3.8. The possibility
of an earthquake of the same intensity and magnitude with an epicentre near the Petten site
cannot be ruled out, especially since exploration of natural gas in the vicinity of Petten cannot
be excluded in the near future. For this reason detailed analyses have been performed.
Conforming to ASME Code Subsection NC for Class 2 Components, the Primary Cooling
System is modelled by line shaped elements and linear elastic material behaviour. By means
of finite element modelling of the Primary Cooling System, the stresses, forces, and
displacements are determined for design conditions and level A and B service conditions.
According to ASME Codes the Design Conditions enclose the effects of pressure, dead
weight, and other sustained mechanical loads. The A and B Service Conditions enclose the
effects of thermal expansion, the combination of pressure, dead weight, thermal loading, and
the effects of seismic loading.
The analyses of the containment building, the concrete structure, the primary pump building
and the chimney are analysed with Finite Element Analyses. Dead weight, wind forces and
occasional loadings have been considered during the so called static loading case. The
maximum response of the structural components have been analysed due to seismic
loading, which has been based on the defined Safe Shutdown Earthquake'.
The evaluation and assessment of the mechanical and material behaviour has been carried
out for the most unfavourable load cases and/or load combinations.

The following improvements have been indicated:
• The Lead/Basalt Stone shielding walls in the basement do not satisfy the criterion to avoid

instability during seismic loading. Although these walls do not contribute to the stiffness
and strength properties of the reactor building the existing steel structure enclosure will be
adapted to prevent collapse of the Lead/Basalt Stone walls during seismic loading.

• Since the allowable stresses of the bolts of the expansion vessel are not known, these bolts
will be replaced by ones with sufficient reserve load capacity.

• The three concrete piles of the chimney will be reinforced due to a marginal reserve load
capacity of ~10%.

• The stability of several cabinets and drawers has to be improved to prevent accidents
during an earthquake.

After the implementation of the improvement measures it can be concluded that the HFR has
sufficient reserve load capacity to withstand 'natural' earthquakes and earthquakes due to the
exploration of natural gas to provide reasonable assurance that the High Flux Reactor can be
operated without undue risk to health and safety of the public.
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There are different "ways to classify research reactors. In the present analysis we will focus our attention
to the way in which engineering safety features can be designed in order to prevent fuel damage in case
of abnormal or accidental situations. This leads CO a classification according to power generation and
consequently the research reactors can be grouped in:
• low power, it implies some hundreds of kilowatts up to 1 MW
• medium power reactor, between 1 MW and 10 MW
• high power reactors above 10 MW up to even 100 MW
To prevent fuel damage two main facts must be considered:
•=> to shutdown the reactor and
o to supply an adequate cooling capacity,
it means that both, neutronic and thermohydraulic aspects must be analysed.
Some neutronic safety features are common to all power ranges like negative feedback reactivity
coefficients and the required number of control rods containing the proper absorber material to shutdown
the reactor.
To begin with the low power reactors it can be mentioned that neutronic safety features are enough to
shutdown the reactor. On the other hand, from the tbrnnohydraulic point of view, the cooling in the
natural convection regime provides a passive cooling system, making it possible to disregard abnormal
situations like the case of a Loss of Flow incident. This type of reactors could be cooled by air in natural
convection and no fuel damage is expected.
Concerning the second group, medium power reactors, neutronic safety features are the common ones
while different thermohydraulic aspects must be considered. As forced convection is the corresponding
cooling regime, pumps are required depending the power and once that pumps stop, natural convection
must be provided to avoid a dangerous wall temperature increase. For this reason special devices or flap
valves are provided to "built" the new natural conveeiion cooling circuit. Depending on flow direction,
flow reversal must be considered and the time after reactor shutdown, takes place. In «uch cases another
engineering safety feature is defined, a flywheel for the pump to increase the forced convection time
before flow reversal and/or natural convection establishes. Concerning a Loss of Coolant Accident, the
siphon breakers will prevent the drainage of the pool.
But the main goal of the present analysis are the high power reactors and the engineering safety features
specially designed for a generic reactor of 20 MW will be presented here.
This generic reactor consists of an internal or core grid containing the low enriched U235 fuel elements,
of the plate type, and the control plates. This grid is surrounded by a metallic structure, referred to as the
chimney, and surrounding this chimney there is another grid housing the reflectors and irradiation
devices. Coolant flows through the coolant channels in the upward direction while a lateral "Y" opening
in the chimney drives the coolant to the pumps and the heat exchangers, entering the lower plenum below
the core grid. Siphon-breakers devices are provided both in outlet and inlet pipes.
From the neutronic point of view besides the common features, and to comply with our National
Regulatory Authority, a Second Shutdown System was designed as a redundant shutdown system in case
the control plates fail. Concerning the thennohydraulic aspects besides the pump flywheels and the flap
valves providing the natural convection loop, a metallic Chimney and a Chimney Water Injection System
were supplied.
Second Shutdown System; the four lateral panels in the lower section of the chimney consist of two walls
separated by a gap, that is, four chambers which are filled with Nitrogen during normal operation. In case
of an accidental situation and according to the given triggering signals, nn absorber material solution, for
example Gadolinium, will fill these chambers providing enough reactivity to shutdown the reactor.
Chimney: this structure is an engineering safety feature in itself. For the case one of the irradiation beams
breaks, pool water will be poured through mis break. As this structural chimney surrounds the core it will
remain under water for a certain time depending on evaporation due to the decay heat and due to leakages
in the metallic couplings.
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Besides previous safety barrier it has a radiological goal. During normal operation a downward or
"closure" flow (Qc) is induced inside the chimney to avoid activated products from the core to reach the
open end of the pool tank. Specific analyses were carried out to determine the minimum required
downward flow to fulfil this goal.

Figure 1: Stagnation point inside the chimney, and above the core, as a function of Qc/Qtot

Chimney Water Injection System: to compensate evaporation and leakages inside the chimney and to
maintain the core under water in case of a beam tube rupture, water is injected. The system consists of a
given number of water tanks placed in th« highest part of the reactor hall, connected to the lower plenum
of the core, providing a constant flow. A simple model was developed considering evaporation and
leakages inside the chimney in order to determine the minimum injection flow to avoid core uncoverage.
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A Safety Culture Project was initiated by ANSTO in 1996 to develop methods
for assessing and improving safety culture at nuclear installations and to trial
these at ANSTO and in the Asian region, with the focus on non-power nuclear
installations. There has been a positive response in the Asian region to
addressing safety culture issues in non-power nuclear facilities.

The paper will report on the main achievements of the Safety Culture Project
in the first three years. These include:

• An assessment of Safety Culture in organisations (ASCOT) process
formulated by the International Atomic Energy Agency (IAEA) was
undertaken for the HIFAR reactor to assess ANSTO systems against
IAEA recommendations.

• A questionnaire was developed in collaboration with staff of the University
of New South Wales (UNSW) School of Psychology who work in the field
of industrial safety culture for assessing attitudes to safety. This was
trialed with HIFAR staff by the UNSW collaborators.

• Three workshops held under the auspices of the International Conference
for Nuclear Cooperation in Asia (ICNCA) involving promotion of the topic
among 8 other regional countries and agreement by them to collaborate;
=> A 1997 workshop considered established safety culture studies,

particularly in nuclear power utilities in Japan and Korea, and the
extension of such studies to non-power nuclear facilities.

=> A 1998 workshop focussed on safety culture in research reactor
facilities, agreed on six indicators for trial application in the participating
countries, and accepted five offers from countries to trial the
UNSW/ANSTO questionnaire.

=> Athird workshop will be held in May 1999

Further goals to be realised in the Safety Culture Project will also be
discussed, including:
• Further use and results of the behavioural questionnaire at ANSTO;
• The analysis of safety policies of the nine regional countries;
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The analysis of reports on application of the six safety culture activity
indicators agreed at the 1998 workshop;
Analysis of results of behavioural questionnaire surveys undertaken using
the ANSTO/UNSW questionnaire in Japan, Korea, Indonesia, Thailand,
and Vietnam;
The outcome of the third workshop in Malaysia 17-19 May to study these
analyses;
The follow-up of trends identified in the ANSTO ASCOT review and
behavioural surveys including a re-run of the refined questionnaire with
HIFAR and ANSTO Waste Management Staff and communication with the
surveyed staff.
Further analysis of safety indicators and current systems at ANSTO to
identify behavioural attitude trends, to guide revision of training and
incident recording activities and to establish a set of indicators for ongoing
use;

Use of incentive schemes to achieve safety targets ;

The implementation of safety culture training in all induction and refresher
courses and development of means to evaluate effectiveness of these
activities.
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SAFARI-1 RESEARCH REACTOR

CSB PIANI and JF DU BRUYN
Atomic Energy Corporation of South Africa Limited, Pretoria, South Africa

The SAFARI-1 Research Reactor, which is owned and operated by the Atomic Energy
Corporation of South Africa Limited, recently (September 1998) obtained ISO-9001
accreditation via international affiliation from the South African Bureau of Standards.

Since SAFARI-1 is dynamically involved in commercial applications, the value of
acquisition of the accreditation was considered against the cost of implementation of the
Quality System.

The criteria established by the ISO-9001 standard were appraised and a document
superstructure derived for management of the generation and implementation of a suitable
Quality Management System (QMS) for application to the fairly unique function of a nuclear
research reactor.

A Quality Policy was established, which with consensus of all concerned, formed the basis of
the QMS against which the various requirements and/or standards were identified.

In the case of SAFARI-1 the following requirements were adopted:
-SABS ISO 9001: Quality Systems - Model for Quality Assurance in

Design Development, Production, Installation and
Servicing

- ASMENQA-1: Quality Assurance Program Requirements for Nuclear
Facility Application

- NL-27: Nuclear Licence (Incorporating SAFARI-1 at the AEC)
-NL-27-CQ-PRG-0200: Quality Management Responsibilities for Nuclear

Facilities and Activities of the AEC of SA Ltd.

In addition to the above, it was also considered advantageous to include the following aspects
of facility management in the QMS:

Radiological Safety;
Conventional Safety;
Plant Maintenance; and
Environmental Management (ISO 14001).

The implementation of this QMS was managed as a top-down supported project with full
participation by all levels of personnel. A formal organisation structure was established and
under the guidance of the Senior Manager and the head of the Quality Management group,
the generation of the applicable procedures was completed by the management of the various
divisions involved in SAFARI-1 applications; viz. Operations, Safety, Training,
Maintenance, Engineering Support and Reactor Utilisation according to a pre-determined
action plan with defined responsibilities.
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The selective criteria for the ISO 9001 compliance of the SAFARI-1 QMS were identified as:
• Management Responsibilities and Quality Manual
• Contract Review
• Design Control
• Control, Generation and Maintenance of Documents
• Control of Procurement
• Control of Customer Supplied Products
• Product Identification and Traceability
• Process Control
• Control of Release Inspection and Testing
• Control of Measuring and Test Equipment
• Inspection and Test Status
• Control of Non-Conformances and Incidents
• Handling, Storage, Packaging, Preservation and Delivery
• Collection, Storage and Maintenance of Records
• Internal Audits and Technical Audits
• Personnel Training
• Servicing (Not applied at SAFARI-1) and
• Preparing Sampling Plans & Establishing Inspection Frequencies.

In addition to these the following criteria were established as supplementary QMS
procedures:

• Facility Management and Reactor Safety Committee
Conventional Safety

• Accountability of Nuclear Material
• Maintenance and In-Service Inspection and
• Environmental Control.

These criteria were established as implementable guidelines in Level 2 Procedures, where
after the applicable work instructions, operations procedures etc. were generated as Level 3
documents. Personnel involvement at all levels was stimulated continuously to ensure a
sense of ownership and a motivated culture. The exercise from conception to accreditation
was achieved within 15 months.

The advantages and benefits experienced as a result of the accreditation are numerous and
include:

• Document configuration control and record access
Customer contentment

• Regulatory body satisfaction
Personnel motivation
Defined responsibility segments

• Establishment of a Continuous Improvement Culture

and most importantly of all....Management Peace of Mind!
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Corrosion Behaviour of Research
Reactor Aluminium-Clad in Basin Water

S. Luo, H. Zhou, B. Tang, X. Chen
China Institute of Atomic Energy

Beijing, 102413, China

Considerable experience and knowledge of aluminium fuel cladding corrosion, especially th
cladding of research reactor spent fuel, has been reported. Although general corrosion is we.
understood, the major problems in most wet storage facilities are due to various forms c
localized corrosion, such as pitting and crevice corrosion.

This study involved five different alloys (1100-A1, 6061-A1, 6063-A1, SAV-1 (a Russia
aluminium alloy used as fuel cladding) and 316 stainless steel) in three types of configuratio:
(base metal, crevice sandwich and galvanic couple), which were exposed in spent fuel basin wate
of a research reactor over 600.days.

The results which are based on visual characterization of the surfaces of corrosion coupons an
opened crevices and bi-metallic couples are described together with the results of monitoring th
water quality and activity levels in the storage basin.
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THE SUCCESS OF OPERATION AND UTILIZATION OF THE INDONESIA

MULTIPURPOSE REACTOR G.A. SIWABESSY

Taswanda TARYO, Iman KUNTORO

Multipurpose Reactor Center (PRSG),

National Nuclear Energy Agency (BATAN),

Kawasan Puspiptek, Gedung 31

Serpong, 15310, INDONESIA.

Extended Synopsis

The Indonesia Multipurpose Reactor G.A. Siwabessy (RSG-GAS), owned by Indonesia

National Nuclear Energy Agency, went firstly critical in July 1987. The reactor then achieved the

power of 30 MW thermal in March 1992. In reality, based on requirement of most users, the reactor is

always operated at the power of 20 MW thermal. By operating the reactor at that power, it has been

saved about124 fuels annually. In addition, in every cycle, there are five standard fuel elements and

one control element to be provided.

As already known, the RSG-GAS is put to use mainly for radioisotope production as well

R&D on science and materials. For isotope production, a highly enriched uranium (HEU) target

containing 3 grams of U-235 is irradiated in the RSG-GAS core for 5 days weekly. In addition, there

are some other targets which principally possess gamma-neutron reaction to be irradiated in the

reactor core. For R&D on science and materials, two beam tubes of the RSG-GAS are employed,

namely, beam tubes S-3 and S-5.

Till to date and as mentioned earlier, the RSG-GAS has always been operated in the power of

20 MW effectively and efficiently. Operation and maintenance of the reactor have been well

organized due to well technical and administrative management from the top manager to all people

involved in those two activities. Here are the following reasons to successfully advocate the

accomplishment of reactor operation and it's utilization.

A. Technical Management

The RSG-GAS is operated based on the draft schedule previously strewn with to all users not

only in BATAN but also in certain related institutions. They are usually to review the draft of the

schedule. The final reactor operation schedule which is usually signed by the director of the

Multipurpose Reactor Center is then redistributed to the all involved users. Recently, due to

economic turmoil, the support of fuel elements has been reduced to 24 fuel and control elements

annually. The reactor is only able to be operated 4 cycles annually and with the power of average 20

MW.
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To solve all problems arising during reactor operation, there is a daily meeting coordinated by

the manager of reactor operation division. There are some advantages gained from this meeting, such

as, all people involved in the reactor operation will immediately handle their problems, they can share

weighty information related to reactor operation among themselves, they can fix the equipment and

components damaged as soon as possible etc.

Based on the RSG-GAS Safety Analysis Report, all systems and components of the RSG-

GAS should be maintained regularly. Due to characteristics of each components and systems, a

routine maintenance consists of monthly, bimonthly, three monthly, six monthly and yearly

maintenance. Yearly maintenance is usually carried out in November-December period. All people

involved in the maintenance activities have been qualified through certain maintenance courses

coordinated by the BATAN's Education and Training Center.

Our regulatory body allows every operator and supervisor to bear a license for reactor

operation for 2 years. After two years, they have to take an oral exam given by them. In the exam,

they will be asked many questions mainly related to reactor operation safety. They can pass the exam

if the are able to answer at least 70 % of all given questions. Prior to the exam mentioned earlier,

there is a two-week-refreshing course dedicated mainly for operators and supervisors. The main

intention of this training is to maintain their abilities and capabilities to safely operate the RSG-GAS

and to anticipate problems which might arise during reactor operation. The curricula of the course

covers mainly reactor physics and technology, electrical, I&C and process of the RSG-GAS. At the

end of the course, there will be a final exam covering all materials given by the instructors.

Shifting Duties are always bestowed to all supervisors and operators at any time. Principally,

they work 24 hours a day and 7 days a week. There are three shifts a day, namely, shift I from 06.00

am to 02.00 pm, shift II from 02.00 pm to 10.00 pm and a night shift from 10.00 pm to 06.00 am. Each

shift consists of three operators and one supervisor assigned as a leader. In addition to this shift,

there is a health physics group responsible to monitor radiation dose in the field.

B. Administrative Management

Since the establishment of Serpong Nuclear Research Center in 1987, top management of

BATAN has ruled a policy to provide houses for all employees working at Multipurpose Reactor

Center (MPRC) as the first priority. The main intention of this policy are, firstly, to guarantee that all

employees can come to the office on time, secondly, to assure that people working on reactor

operation are ready on call if something wrong occurs in the site. It is the facts that since the RSG-

GAS has utilized in 1987, this condition has positively sustained reactor operation safely.

MPRC has cooperated with JAERI (Japan Atomic Energy Research Institute) since 1987. The

cooperation deals with both the exchange of their experts to come to our site and transfer our

technicians/staff to JAERI for a certain time. The existence of the JAERI experts in our facility

definitely assist us to solve certain problems related to reactor operation. In addition, at certain

circumstances, they grant us a specific equipment to be installed in the RSG-GAS, such as, a Fuel
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Failure Detection System (FFDS) now available in the RSG-GAS. Other than mention earlier, we

have also cooperated with Japan Industrial Forum (JAEF) on the Workshop on Utilization of Research

Reactors (WURR) which is held annually. All designated researchers from the Asia Pacific Region

participate in the Workshop. Indeed, the utilization of our reactor in many fields has been wide spread

in at least in the Asia Pacific Region.

From our activities previously mentioned, it can be concluded that the success of the RSG-

GAS operation and utilization is because of full support from technical and administrative

management of the MPRC.
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Organization and Management of Operation the Research Reactor MARIA

G. Krzysztoszek

Institute of Atomic Energy, Otwock-Swierk, Poland
1. Organization

The MARIA research reactor belongs to the Institute of Atomic Energy which is situated

at: fswierk-Otwock. The MARIA reactor Operation Department has been established to the

operate t&e MARIA reactor.

The MARIA Research Reactor Operation Department provides, basing on the Atomic

LavFcode, the safe operation of the MARIA reactor in compliance with the provisions and

requirements of the State Nuclear Safety and Radiological Protection Regulatory Body.

Tasks of the Operation Department

• conducting Ihe current MARIA reactor operation and relevant technological facilities;

• initiating and participation in performing works associated with reactor safety increase

ihd its utilisation possibilities;

• elaboration and participation in reactor equipment repairs works and development of the

assumptions for its upgrading projects;

• current maintenance and repairs of apparatus belonging to control and protection system

and technological check-up system;

• nuclear fuel management of the reactor core and spent fuel pool;

• 'training of the operation personnel

2. Management

Managing of the MARIA Research Reactor is based on the main guide lines as follows.

• Head of the Reactor bears the direct responsibility for nuclear safety and radiological

protection of the reactor plant;

• Operation, experiments and modifications being conducted in the reactor unit are in

compliance with the relevant documentation;

• Reactor is operated by authorised persons in accordance with the rules issued by the

Director of the Atomic Energy Institute;

• Head of Reactor approves instructions and other documents concerning the nuclear fuel

movement and any changes in the reactor core and its primary circuits
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3. Rules of work of the Operation Shift

• Each person which is included into the Operation Shift directly subordinated to the Shift

Supervisor.

• Shift Supervisor is the only person to be responsible for safe and schedule compatible

operation.

• Shift Supervisor, when necessary, has a right to proclaim an emergency state, alarm

. jwarning state.

• Each person being included into the Operation Shift has been appropnately trained and

has got an authorisation and licence for operating the reactor.

4. The cooperation with the reactor users

• Reactor Head has the right to issue orders and instructions which are compuJsory for the

.' reactor-personnel and reactor users.

• Reactor Head has the right to suspend the works or experiments which are being carried

on in the reactor building when it is dictated by the safety aspects.

• Reactor Head is entitled to suspend the working activities in the reactor building.

• Reactor Shift Supervisor checks a movement of persons inside the technological premises,

5. Work in the abnormal and emergency states

There are following rules to be met during the abnormal or emergency states1

• 1. - Rescue of the threatened people;

2. Protection of the equipment and scantiness of material losses;

3. Releasing the information in accordance with the "Schedule of emergency procedure";

4. Conducting an activity on mitigation and then on liquidation of accident results

6. Reactor documents

- Safety Report (including the changes and amendments);

-v Reactor Operation permit,

- Regulations of work within the reactor plant;

- Schedule of emergency procedure for the reactor plant,

- Instruction for reactor operation and servicing,

- Reactor Configuration Chart with reactor protection settings;

- List persons having an appropriate for servicing.
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MANAGING AND MAINTAINING A 37-YEAR OLD TRIGA REACTOR

H. Bock, M.Villa

Atominstitut, Vienna, Austria

The TRIGA Mark-II reactor started up initially on March 7, 1962, with a steady state
power of 250 kW and with pulsing capability up to 250 MW. Within the past 37 years no
major incidents occured, however, a number of reconstructions and modifications of
reactor systems were carried out. Since the implementation of the Atomic Law in the mid
1970 a detailed reinspection plan had to be prepared covering all reactor related
components and systems to be reinspected regularly. The completed reinspection forms
are controlled by the government appointed expert and are the basis for the continuation
of the operating license.

One major issue was the renewal of the TRIGA reactor instrumentation in 1992 when
the old transistor type instrumentation was replaced by a computer controlled up to date
instrumentation. Since this time experience has accumulated with this instrumentation
which will be presented in this paper.

Another important task is the periodic optical inspection of the reactor tank internals
and the regular cleaning of the primary water system. Optical inspection is carried out
with an underwater telescope and with a rigid underwater endoscope. The latter is a
modular optical device which allows optical inspection in any place of the reactor tank,
including the fuel elements in the core. With integrated lights and various objectives, 0°
foreward, 45° foreward and 90° sidewards practically all areas in the reactor tank can be
inspected. This endoscope can also be used to inspect a spent fuel element in a special
lead container placed in the reactor hall. The spent fuel is transfered from the reactor
tank into this container and through several holes the endoscope can be inserted to view
directly the fuel surface without being exposed to radiation.

Regular cleaning of tank internals in three months intervals is also very important. A
high pressure water jet is used to stir up all deposits from tank surfaces and a special
pump with integrated filters is used to collect the deposits.
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The endoscope together with the water jet and the tank cleaning pump has been appliec
succesfully in several other research reactors through bilateral cooperation anc
assistance. In fact in one case the visual inspection and maintenance saved the operator i
tedious repair work of several monthes.

The fuel elements are measured with an underwater device for elongation and bowinj
every two years. Since 1962 out of 95 fuel elements only 8 had to be removed due tc
cladding defects or mechanical deformation. A dry spent fuel storage has been developec
to accomodate the removed fuel elements in a controlled atmosphere.

This paper presents a summary of the management and maintenance requirements tc
keep an old research reactor in good condition, it will discuss the reinspection programs
procedures and special tools which have been developed at the Atominstitut during
almost four decades and will transfer the experience to other interested research reactoi
operators.
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Measures taken to overcome the aging effects

for the FRG-1 research reactor

Dr. W. Krull

GKSS-research center Geesthacht GmbH

Postfachll60

D-21494 Geesthacht
Germany

The GKSS-research center Geesthacht GmbH is operating the research reactors FRG-1 with a

power level of 5 MW since more than 40 years. The reactor is of the swimming pool and MTR

type and being operated afor approx. 250 full power days per year. During the years the core

design, the utilization, the overall design and the safety features have been changed

significantly.

Core design changes were made in the core size, the geometry of the fuel element and the

control fuel element, the number of fuel plates, the control rod design, the U-loading and the

enrichment. The conversion of the FRG-1 to LEU fuel has been made in 1991 [1]. In 1991 the

core size has been reduced from 49 fuel elements to 26 fuel elements. A second reduction of the

core size from 26 to 12 fuel elements will be made in early 2000 [2].

Utilization changes from cross section determinations with a chopper and crystal spectrometer to

e.g. the determination of the structure of macromolecules, SANS etc. have been made, NAA,

neutron radiography, prompt neutron activation analyses and isotope productions is being

performed, too. For enabling an enhanced utilization a cold neutron source is in successful

operation since 1989 [3]. The FRG-1 and the installed experiments have been modernized with

an amount of more than 40 millions US $ within the last 15 years.

Since the middle of the seventieth main changes in the understanding of safety features,

accidental behavior of systems followed by the development of criterias, guidelines and

standards for power reactors have been occurred in the Federal Republic of Germany. Although

these criterias etc. were primarily valid only for power reactors there were over the years
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important consequences for the FRG-research reactors as many of the standards have to be

adopted for the research reactors. A more detailed description of the demands and the

consequences will be given.

The changes in safety philosophy forces many changes of the hardware and software of the

facility e.g. a continuos updating of the safety report and the preparation of an operation manual

and inspection manual. Such safety reports and manuals have to be written for the cold neutron

source and hot cells, too. Within the hardware changes are a reactor protection system, a crane

in the reactor hall, the ventilation system, the fire protection system, the control room

instrumentation, the process control system, the alarm system, the compressed air system, the

internal and external lightning protection, information system for auxiliary systems and others.

Beside these major modifications a large number of smaller changes have been made which are

believed to increase the safety significantly, too. At the moment a new emergency power supply

and many activities for physical protection are within the licensing procedure etc. Some of these

activities will be discussed in more details [4].

All the efforts to overcome the effects of aging (design, hardware, software and personnel) will

continue to allow safe operation of our research reactor over its whole operational life which

will be in the case of the FRG-1 hopefully for additional 15 years.

[1] A. Reymann, W. Krull: Umstellung des Forschungsreaktors FRG-1 auf Brennelemente

mit einer Anreicherung < 20 % U-235, Jahrestagung Kerntechnik, 5-7. Mai 1992,

Karlsruhe

[2] P. Schreiner, W. Krull: paper presented at this meeting

[3] H.-U. Ruhnau, A. Reymann, W. Krull: Aufbau und Betrieb der Kalten Neutronenquelle

am FRG-1, Jahrestagung Kerntechnik, 5-7. Mai 1992, Karlsruhe

[4] W. Krull: Ready for the future, Atomwirtschaft 1995, S. 477 - 480
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STUDY OF THE WWR-S-N1PNE-HH REACTOR MAIN COMPONENTS STATE,
AFTER 40 YEARS WORKING, USING NONDESTRUCTIVE ̂ METHODS

Authors: A. C. Dragolici, A. Zorliu, R. Rapeanu, C. Petran, I. Mincu
National Institute of Research and Developmenffor Physics and Nuclear Engineering

"Horia Hulubei", R-76900, P.O.Box MG:6, Bucharest-Magurele, Romania

The main goal of these investigations was to establish the security level after 40 years
working, of the WWR-S research reactor from The National Institute of Research and
Development for Physics and Nuclear Engineering "Horia Hulubei", Bucbarest-Magurele.

The purpose of these investigations was: cheking the functionality and the physical integrity
of the main components of the reactor.

The physical integrity of the components is usually affected by slow processes, such as:
corrosion, erosion, ageing, deformations, initially hiden flaws with very slow evolutions.

The methods used to determine the effects of these processes and to infer conclusions
about the physical integrity of the facility, are: visualizations by optical means (endoscopy and
video camera), examination using ultrasounds and gammagraphy.

The objective of the endoscopic cheking was the view of the inside surfaces state of the
tubes and pipes, specially the inaccessible areas of the nondismantling parts of the reactor.

Big size components, such as reactor vessel, the biologic protection vessel and the main
pipes with high diameters of the primary cooling system, were investigated using a special device
that contain a video camera connected to a PC.

To obtain more informations regarding the evolution of the corrosion spots, scratches and
harmed areas on the investigated surfaces, their depth was cheked by ultrasounds, and the
welding seams structure was determined by gammagraphy.

For example, in the following table is given a part of some significant results obtained from
ultrasound measurements in different points of reactor vessel, thermal column, horizontal tubes,
etc. The figures 1, 2 indicate the points of measure, and figures 3 and 4 represents the view of
some of them (with endoscope and video camera):

Material
Points of
measure
Measured
thickness (mm)
Thickness given
in documentation

Reactor
Bottom

aluminium
FR1

20,5

20

FR2

19,7

20

Thermal Column

Aluminium
CT6

15,8

16

Horizontal Beam
"Tube

aluminium
CO8

12,5

12

CO9

12,5

12

Reactor
Vessel

aluminium
VC6

12,3

12

After these tests, the conclusions are:
- the maximum corrosion depth is 0,2 mm;
- scratches are superficially, not exceeding 0,2-0,5 mm;
- the traces of harmed areas are proceeded from the electromagnetic device utilization used

for aluminium capsules manipulation, which contain irradiated substances and they are
superficially with maximum area of about 1 cm2;
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Fia. 1 Fig. 2

Fig. 3 . Fig. 4
- the differences between the initially thickness and the measured one, does not exce<

1,5%;
- it was not observed cracks and inclussions in the studied welding seams, the corrosi>

beerng insignificant;
The results of the studies presented above, shows that after a time period of 40" years

working, the main parts of nuclear research reactor are in good state, and it was not observ<
majore evolutive phenomena.

References: ~~~
1. Safety Analysis Report of Nuclear Research Reactor WWR-S from NIPNE-HH.
2. Endoscopy, video camera, ultrasound and gammagraphy investigations procedures.
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LIFE EXTENSION OF THE BR2 ALUMINIUM VESSEL

E. KOONEN, A. FABRY, R. CHAOUADI, M. VERWERFT, C. DE RAEDT,
S. VAN WINCKEL, W. WACQUIER, J. DADOUMONT, A. VERWIMP
SCK'CEN (Belgian Nuclear Research Center),
Boeretang 200, B-2400 Mol, Belgium

The BR2 reactor is one of the a major high flux engineering test reactors in the world. It is a
tank-in-pool type reactor operated by the Belgian Nuclear Research Center SCK-CEN.
This reactor has recently undergone a major refurbishment comprising the replacement of the
beryllium matrix located inside an aluminum vessel made of Al 5052-O.

Inspection of the vessel from the inside can only be carried out when the beryllium matrix is
unloaded. Outside inspection is always prohibited by the presence of a shroud welded to the
vessel. Therefore the question whether the vessel integrity would remain adequate during the
foreseen life extension of the reactor, had to be addressed well in advance of the in-service
inspection. The major life-limiting phenomena studied were embrittlement under irradiation and
fatigue damage.

In order to get representative samples of the
base metal and weld materials, several plates were
cut from the shroud surrounding the tank by the an
electro-erosion technique. Other samples, less
representative however, were obtained from BR2
control-rod thimbles.

The embrittlement issue was addressed by an
extensive experimental program: uniaxial tensile
tests, three point slow bend tests, precracked
Charpy and Charpy V-notch impact tests,
complemented by microstructure and chemical
characterization, were performed.

Two successive modeling steps were then
undertaken: a model based on dislocation theory
and guided by TEM-observations was used to
define the matrix strengthening and two
complementary micromechanical models were
developed to relate the static initiation fracture
toughness to the flow properties determined in the
first step [1].

Resistance to fracture due to axial and
circonferential cracks was analyzed by two
methods: finite element modeling and the R6-
method. For an infinite axial crack of 5 mm depth

?Tm7mm7^Tm~TTmmTTTm7mmT^^^^^^ the stress intensity factor was found to be inferior
Fig 1. View of the BR2 aluminium vessel. tQ ? 5 ^ ^ 2 ] .

It was concluded that:
1. the weld is controlling in terms of vessel integrity concerns;
2. the lower bound fracture toughness in the thermal fluence range of 4 - 4.5 * 1026 n/cm2 is

projected to exceed 12 MPaVm.
3. there is no significant future risk if inspection of the vessel does not reveal any surface-

breaking crack of depth exceeding 3 mm nor any embedded flaw causing a local Kj in
excess of 6 MPaVm.

The remaining fatigue life was assessed by detailed calculations for ductile and brittle
conditions.

Essentially low cycle fatigue was considered. The methodology was as follows: evaluation of
the primary and secondary stress variations for all cycled operational situations, computation of
the alternated stress taking into account the stress concentration coefficients, determination of the
allowed number of cycles using the appropriate fatigue life curve with regard to the accumulated
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thermal fluence, calculation of the damage factor (ratio of the already accomplished cycles to the
admissible number of cycles) for each cycled load situation, summation of all damage factors and
evaluation according to ASME-VIII, div.2.

Because not otherwise available, the fatigue life curves corresponding to various irradiation
levels had to be established theoretically. Informations subsequently published in the open
literature allowed to validate at least the fatigue life curve for unirradiated material.

The conclusion of these studies was that the welds of the inlet nozzles (unirradiated material)
are controlling in terms of fatigue life. There remains sufficient margin for the life extension
considered if inspection of the vessel does not reveal major flaws [3].

The thermal and fast fluence distributions in the vessel wail had to be determined in order to
calibrate and correlate the various calculations and experimental results. Three methods were
applied:
1. standard reactor load computations based on eight configurations representing the whole

operational life of BR2, computation of transition factors and application of these factors to the
outer channels fluence values.

2. measurement of the Si-content of the shroud samples by various techniques in order to
determine the thermal fluence. Precise measurement of the initial Si-concentration was done on
small samples obtained from the upper end of the shroud.

3. measurements on samples of the original Be-matrix (unloaded in 1979) and extrapolation of
the results. The fast fluence is essentially proportional to the He-4 concentration while the
thermal fluence can be deduced from the Be-10/Be-9 ratio.

Comparison of the different results led to fluence distributions with an error margin of about 20 %
[4].

Safety analysis concerning the consequences of a sudden rupture at various locations
(cylindrical middle section, inlet and outlet nozzles, top-cover) showed that these consequences
are acceptable [5].

It was finally decided not to foresee a vessel replacement. After unloading of all vessel
internals, including the Be-matrix, an extensive in-service inspection took place in 1996: remote
visual inspection, remote mechanized geometrical control, ultrasonic, penetrant and Eddy current
testing at all sensitive locations. The results [6] can be summarized as follows:
1. there is no flaw with unacceptable dimensions.
2. the aluminum tank has not undergone any significant alteration since the 1980 inspections.

A surveillance program has been established [7]. Further irradiation of shroud samples is
underway and a subsequent testing program is scheduled.
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IRRADIATION EFFECTS ON THE MECHANICAL PROPERTIES OF ALUMINIUM AND
INTEGRITY OF ALUMINUIM REACTOR COMPONENTS

R P HARRISON, N R McDONALD, D R G MITCHELL, A K HELLER, P A STATHERS
and D G CARR

Australian Nuclear Science and Technology Organisation (ANSTO), Lucas Heights, Sydney,
Australia

HIFAR is a heavy water moderated and cooled tank type reactor which has been operating
safely for more than 41 years. It was built as a duplicate of the DIDO reactor at Harwell, UK;
two others of the six DIDO class reactors constructed, DR-3 in Denmark and FRJ-2 in
Germany, are still in service. The reactor aluminium tank (RAT) is a cylindrical vessel of 2 m
diameter and 3.3 m in height with 12.7 mm thick walls and a 15.9 mm thick domed-end lower
head. It operates at a temperature of 50°C and at D2O pressures of up to 76 kPa. The RAT is the
primary containment vessel of the HIFAR reactor core and contains coolant pipes, blank ended
re-entrant tubes for experimental rigs and neutron collimators, a header plate to support fuel
elements and removable vertical facility liners.

The RAT is constructed from 1080 grade aluminium, a material selected primarily for its
excellent corrosion resistance. One factor in determining the useful remaining life of the RAT
(and hence, essentially the reactor life) is the effect of irradiation on the aluminium. The effects
of neutron irradiation on essentially pure aluminium are; firstly, one of transmutation of a
proportion of the aluminium into silicon (this is a thermal neutron effect) and secondly, of the
generation of voids by fast neutrons. Both of these effects will change the microstructure and
hence the mechanical properties of the material.

The table below presents estimates of the neutron fluences at various locations within the RAT
for the year 2005 (the time when HIFAR is expected to be replaced). Of note is the considerable
variation in fluence levels and the thermal/fast ratio within the tank.

Estimated Neutron Fluences At Important RAT Locations In the Year 2005 (128,000
MWd)

Component

Centre of 2-TAN tube
6H tube and end Cap
4H3,4 tubes and end caps
10H tube and end cap
4H 1,2,5,6 tubes and end caps
6H/wall, lOH/wall and welds
RAT wall at mid-core away from
tubes
RAT wall 500 mm above mid-core
RAT wall 1000 mm above mid-core

Neutron Fluence nm"2

Thermal
1.3 E27
1.0 E27
9.0 E26
6.5 E26
6.0 E26
2.0 E26

2.0-2.5 E26

7.0-11 E25
7.5-15 E24

>0.1 MeV
1.0 E26
9.0 E25
6.0 E25
2.5 E25
2.5 E24
3.0 E24

2.0-3.0 E22

3.0-8.0 E21
- 1 E 1 8

Th/Fast Ratio
13
11
15
26
240
66

7-10 E3

14-25 E3
~1E7

Note: Values at the end of 1999 (~112,000 MWd) are -87% of the above. Values at the end of 2025 (180,000 MWd)
are ~ 140% of the above.

Silicon generated by transmutation has a low solubility in the aluminium matrix and can
precipitate in the microstructure within the grains and at grain boundaries and gives rise to
precipitation hardening. The fast neutrons produce transmutation helium and hydrogen and give
rise to bubbles which can cause swelling in extreme circumstances (not applicable to HIFAR).
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The increase in hardness in the irradiated aluminium is accompanied by a reduction in ductility.
This has important consequences for the structural integrity of the RAT and has been the driving
force behind the studies into mechanical properties of irradiated aluminium being undertaken at
ANSTO (McDonald et al 1995).

Microstructural studies have been undertaken on irradiated aluminium using optical microscopy
and the scanning (SEM) and transmission (TEM) electron microscopy. The mechanical
properties of the materials were evaluated by performing tensile, fracture, hardness and small
punch tests on both irradiated and unirradiated materials.

The tensile results confirmed the increase in tensile properties with irradiation and gave an
indication of the reduction in ductility by the reduced elongation at fracture. The hardness and
small punch tests showed similar trends.

Fracture tests (three point bend) were undertaken on small specimens (approximately 8 x 3 x 40
mm). The results of these tests were somewhat inconclusive in that, although no crack
propagation was observed - there being considerable plastic deformation at the fatigue crack tip
- the size of the available specimens was not sufficient to obtain valid fracture toughness values.
This led to a program of work investigating the effect of tensile properties on fracture
toughness. This was undertaken using 6061 Al, heat-treated to give a range of tensile properties.

This paper presents the results of the microstructural and mechanical property studies and
summarises the effects on the structural integrity of the HIFAR RAT of these materials property
changes.

Reference: McDonald, N R, A Jostsons and R Miller "Ageing Management Issues for HIFAR"
Proceedings of the International Topical Seminar in Management of Ageing of
Research Reactors, Geesthacht, 8-12 May 1995, p369
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SAFETY ISSUES RELATING TO THE EFFECTS OF IRRADIATION ON THE CORE
TANKS OF ORPHEE AND OSIRIS REACTORS

H. ABOU YEHIA and G. BARS

Institut de Protection et de Surete Nucleaire, Safety Evaluation Department
Fontenay-aux-Roses, France

ORPHEE and OSIRIS are two pool-type research reactors located at the
Saclay site. Their maximum power ratings are 14 MW and 70 MW and they first went
critical on 19 December 1980 and 8 September 1966 respectively.
In both reactors, the core is placed in a zirconium alloy core tank which channels the
cooling water. Changes in the mechanical properties of the zirconium alloy caused by
neutron irradiation led the operator of ORPHEE reactor to replace the core tank in
1997. After an examination of the core tank of OSIRIS reactor the operator decided not
to replace this structure.

ORPHEE REACTOR
The core tank of ORPHEE (dimensions: 25 cm x 25 cm, height: 200 cm)

supports the fuel elements and prevents mixture of the cooling light water and the
heavy water contained in a tank surrounding the core.

Two seals, located between the heavy water tank and its lid, prevent leakage
between the heavy water and the light water in the reactor pool.

To monitor swelling as well as variation in the mechanical properties of the
zirconium alloy caused by irradiation, the operator placed 28 tensile test specimens
and 28 growth specimens in the central core reflector, taken from the sheet metal used
to fabricate the core tank.

Elongation of the core tank under the effect of irradiation causes:
- compressive stress in the material, due to the reaction of the heavy water

tank and its lid,
- bowing of the lid, which tends to loosen the two seals which can cause

leakage of heavy water into the space between them (a problem observed in
1988 and solved by increasing the compressive force applied to the seals).

The study submitted by the operator at the request of the safety authority
(DSIN) concerning this problem indicated, on the basis of measurements made with
the core tank monitoring specimens, that the maximum elongation (0.79%) of the core
tank at which the seals would no longer be leaktight, would be reached at a time-
integrated fast neutron fluence of 2.2 x 1022 n.cm"2 in the area of the core tank most
strongly irradiated. This study also indicated that the stresses in the irradiated material
of the core tank would not compromise its integrity.

The operator replaced the core tank with a similar new structure before
reaching this fluence limit. The new core tank is equipped with two bellows, making it
possible to compensate for elongation of the zirconium alloy.

The IPSN made assessments of:
- the mechanical calculations concerning the new core tank and the quality of

manufacture of this structure,
- the tests carried out on a full-scale mockup intended to verify the absence of

vibration liable to compromise the integrity of the core tank,
- the tests performed by the operator after assembly of the new structure.
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OSIRIS REACTOR

The core tank of OSIRIS, which has been in place since the construction of the
reactor, consists of a rectangular cross-section zirconium alloy tube (internal
dimensions: 62x70 cm, height 120 cm). This core tank contains the cellular rack in
which the core fuel elements and experimental devices are placed. Fast neutron
fluence in the most strongly irradiated part of the core tank was 6.7 x 1022 n.cm"2 at the
end of 1996 and will be 9.2 x 1022 n.cirr2 at the end of 2006.

In 1997, the operator procured a new core tank so as to be able to deal with
any difficulties encountered with the existing one. After assessment of the condition of
the latter and the foreseeable changes in its mechanical properties under the effect of
irradiation, the operator decided not to replace it.

The mechanical properties of the zirconium alloy, after irradiation were
determined by means of tests on specimens taken from core tank sheet metal placed
in the core of OSIRIS before it went critical for the first time. The maximum time-
integrated fluence of these specimens is 4.6 x 1022 n/cm"2.

The safety assessments made by the IPSN have mainly covered:
- the validity of the justifications submitted by the operator,
- the consequences of possible loss of leaktightness of the core tank and

swelling of its material under the effect of irradiation.
The safety authority requested the operator to send additional justifications

concerning the mechanical integrity of the core tank at a fluence of 9.2 x 1022 n/cm2,
and to provide further information on the arrangements made to periodically verify the
state of this structure.

All the above points will be covered in detail in the final paper.
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SPENT FUEL STORAGE FACILITY AT SCIENCE AND TECHNICAL CENTER
"SOSNY". EXPERIENCE OF TEN YEARS ACTIVITY.

S Chigrinov, V.GouIo,A. Lunev, H. Belousov, L. Salnikov, L. Boiko

"Sosny" Scientific & Technical Center
National Academy of Sciences of Belarus

Sosny, Minsk, 220109, Republic of Belarus

Works in the field of nuclear power were carried out at "Sosny" Science and
Technical Center of National Academy of Sciences of Belarus beginning from the
sixties on the basis of the research reactor IRT-1000 and a small-sized mobile nuclear
power (MNPP). Both reactors were shut down and dismantled with nuclear fuel
discharge after the Chernobyl NPP accident. The part of the spent fuel from the
reactor IRT was sent for reprocessing to Russia, and the rest one was charged into the
storage facility together with the high enriched spent fuel of MNPP.

The spent fuel storage facility is a water reservoir located in a special building with
proper infrastructure which ensures its safe operation (with the systems of energy
supply, water preparation, special sewage and ventilation, gas purification,
automation, measurements, radiation control, reloading, physical protection).

The storage facility consists of two ponds with the volume of 30 m3 each filled with
distilled water. Fuel assemblies (FA) are set upright at a distance from each other
which ensures a low multiplication factor kef<0.65.

Fuel elements in FA are of a rod-type with cores made of metal ceramics UO2 with
the volume fraction of 60% and chrome-nickel matrix with the volume fraction of
40%. Material of fuel elements cladding is steel.

94% of the stored fuel have the enrichment of 45%, the rest one - 10%.

Defect fuel elements detected in the process of the reactor's operation and enclosed
into the sealed cases are also in the storage facility.

Control for water rate in ponds is carried out once a week. Chemical control includes
checking pH, hardness, presence of corrosion products of construction materials,
content of nitrate-ions. Technological water cleaning is carried out by an ion-
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exchange filter with the volume of 60 1. The filtering material has been replaced twice
during the service time.

Radiometric monitoring is carried out by the method of gamma-spectral analysis on a
gamma-spectrometer.

When detecting seal failure of fuel elements or cases on a special installation
according to the developed technology detection of FA is carried out. The detected
unsealed assembly in a hot chamber is placed into the box which is sealed and
returned into the storage facility.

Water decontamination from radionuclides is carried out according to the technology
jointly developed with the Institute of General and Inorganic Chemistry/National
Academy of Sciences of Belarus where new high effective and selective sorbents have
been developed and prepared.

In early years of the storage facility's service the content of a wide range of
radionuclides, such as 134Cs, 137Cs, 144C1, ^Mn, 60Co, 152Eu, 1S4Eu, 90Sr, was under
control, and at present the content of 137Cs is only under control.

Radiation and nuclear safety when storing the spent nuclear fuel ensures by
sustaining the definite level of water in the pond and excluding the possibility of its
draining, control for water quality in the pond and its cleaning, ventilation of the
above-water space, the system of radiation monitoring, storing of unsealed fuel
elements in the sealed cases, remote-controlled Dosition of assemblies from each
other.
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SAFETY REQUIREMENTS IN THE DESIGN OF RESEARCH REACTORS: A CANADIAN
PERSPECTIVE

A.G. Lee and V.J. Langman
AECL
2251 Speakman Drive
Mississauga, Ontario L5K 1B2
Canada

In Canada, the formal development of safety requirements for the design of research
reactors in general began under an inter-organizational Small Reactor Criteria Committee. This
committee developed safety and licensing criteria for use by several small reactor projects in their
licensing discussions with the Atomic Energy Control Board. The small reactor projects or facilities
represented included the MAPLE-X10 reactor, the proposed SES-10 heating reactor and its
prototype, the SDR reactor at the Whiteshell Laboratories, the Korea Multipurpose Research Reactor
(a.k.a., HANARO) in Korea, the SCORE project, and the McMaster University Nuclear Reactor. The
top level set of criteria which form a safety philosophy and serve as a framework for more detailed
developments was presented at an IAEA Conference in 1989. AECL continued this work to develop
safety principles and design criteria for new small reactors. The first major application of this work
has been to the design, safety analysis and licensing of the MAPLE 1 and 2 reactors for the MDS
Nordion Medical Isotope Reactor Project. This paper provides an overview of the safety principles
and design criteria, i.e., safety goals and design targets, safety culture and defence in depth.
Examples of an implementation of these safety principles and design criteria are drawn from the
work to design the MAPLE 1 and 2 reactors.
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The new Neutron Source FRMII at Munich

Winfried Petry
Physik Department E13, Technische Universitat Miinchen, D-85747 Garching
Germany

The construction of the new research reactor FRM II is close to completion.
Nuclear operation is foreseen for the year 2001. High intensities of thermal
neutrons are provided by a particular dense packed core of enriched uranium and
are extracted by 12 beam holes (10 horizontal, 2 inclined) with large opening
angles (> 11°) and of particular short length (distances core-end of biological
shield =4 m). The low thermal power of 20 MW allows the positioning of a D2

cold source at the maximum of the thermal flux in the D2O moderator. This cold
source is seen by 3 beam holes, one of which feeds a neutron guide hall. A
graphite hot source shifts the thermal spectrum to short wave length with a
maximum of the Maxwellian distribution at -0.5 A. At the outer limit of the
moderator a Uranium converter is installed to provide fission neutrons of MeV
energy for cancer therapy and fast neutron tomography.

The FRM II will provide the German needs for neutrons for the beginning of the
next century. The instrumentation, worked out largely by the German user
community, is currently under construction and aims on a multidisciplinary use
for basic and applied research and industrial needs. Both the introduction of new
techniques and considerable progress in the performance of standard techniques
is envisaged. As a national facility the FRM II will also be the basis for
international cooperation of the German neutron user community.

For the first generation of instrumentation the following instruments are eather
planed or under construction.

Instrumentation for cold neutrons
resonance spin echo spectrometer
time-of-flight spectrometer
backscattering spectrometer
triple axis spectrometer
reflectometer for soft and hard matter
small angle scattering camera
neutron radio- and tomography
neutron beam for experiments with neutrons of long wavelength

(X~100k)
low background neutron guide for nuclear physics purposes
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Instrumentation for thermal neutrons
triple axis spectrometer
material science diffractometer
single crystal diffractometer
powder diffractometer

Instrumentation for hot neutrons
single crystal diffractometer

Instrumentation for fission neutrons
clinical cancer therapy
neutron radio- and tomography

Irradiation facilities
silicon transmutation
pneumatic rabbit irradiation systems
hydrolic rabbit irradiation systems
irradiation positions outside the moderator

Others
intense position source

Options currently under consideration
extraction of fission products for the needs of radiopharmaca nad nuclear

physics
source of ultra cold neutrons

The concept of this multidisciplinary instrumentation will be presented.
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THE NEW 10 MW(t) MULTIPURPOSE TRIGA® REACTOR IN THAILAND

by

S. Proongmuang (OAEP, Thailand)
J. Razvi (General Atomics, USA)

SYNOPSIS

In June, 1997, the Office of Atomic Energy for Peace (OAEP) awarded a turnkey contract to
General Atomics (GA) to design, build and commission the Ongkharak Nuclear Research
Center. (ONRC). near Bangkok, Thailand. The ONRC research complex ..includes the
following:

• A Reactor Island, consisting of a multipurpose 10 MW(t) TRIGA® research reactor;
• An Isotope Production Facility (EPF) for the production of radioisotopes and

radiopharmaceuticals;
• A Centralized Waste Processing and Storage Facility for the processing,

immobilization and storage of radioactive waste.

The Center is being built in Nakhon Nayok province, 60-km northeast of Bangkok. The
centerpiece of the ONRC is a TRIGA type research reactor. Facilities are included for
production of radioisotopes for medicine, industry and agriculture, neutron transportation
doping of silicon, neutron capture therapy and neutron beam research. The facility will also
be utilized for applied research and technology development as well as training in reactor
operations, conduct of experiments and reactor physics.

The multipurpose, pool-type TRIGA reactor (Figure 1) will be fueled with high-density, low-
enriched (19.7 wt%) uranium-erbium-zirconium-hydride (UErZrH) fuel and a rated thermal
power output of 10 MW(t). It is designed to be cooled and moderated by light water, and
reflected by beryllium and heavy water. The general arrangement of the reactor structure
consists of a 4-m diameter by 10-m deep main reactor pool, and an auxiliary pool connected to
the main pool by a transfer canal. The auxiliary pool contains an underwater connection to an
isotope transfer hot cell located at the edge of the pool. The auxiliary pool also contains a
spent fuel storage facility and provides the necessary shielding and cooling for safe storage of
the spent fuel. The arrangement of the pools and isotope transfer hot cell allows irradiated
targets to be transferred entirely under water from their irradiation locations in the main pool
to the hot cell, then pneumatically transferred to the adjacent Isotope Production Facility hot
cells via a transfer system connecting the reactor building and the IPF building.

The core configuration includes standard TRIGA fuel clusters, modified clusters to serve as
fast-neutron irradiation facilities, control rods and an in-core Ir-192 production facility, all of
which are arranged in an-approximately square array. The fuel rods in the fuel cluster are
arranged in a 4 x 4 array (16 fuel rods per cluster), each fuel rod being 13.7-mm in diameter
with an overall length of approximately 770 mm, and with a uranium content of 45-wt% LEU.
The active core is reflected on two sides by twenty-seven beryllium reflector blocks, and on the
other two sides by a D2O reflector blanket. The Be reflector blocks accommodate irradiation
experiments; and rapid pneumatic systems for transfer of very short-lived radioisotopes from
the irradiation locations to counting stations.

TRIGA is a registered trademark of General Atomics
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Figure 1. Perspective view of ONRC Reactor System

The UErZrH fuel is the fundamental safety feature of the ONRC reactor, similar to the family
of TRIGA reactors worldwide. The large, prompt negative temperature coefficient of
reactivity, an intrinsic property of this fuel type, automatically and instantaneously limits
reactor power increases resulting from inadvertent large positive reactivity insertions, thereby
preventing loss of reactor control and damage to the fuel rods. The demonstrated, excellent
fission-product retention capability of UErZrH fuel, retaining about 99.9% of its volatile
fission products at temperatures of 650°C even with the cladding removed, allows the fuel
itself to be the primary fission product barrier (with the cladding as the secondary barrier), and
therefore contributes to the superior safety characteristics of the ONRC TRIGA reactor. As a
result of all the accident-mitigating characteristics of the fuel itself, a containment structure is
unnecessary and the reactor will be housed in a confinement building

The basic design of the reactor, reactor structure, auxiliary systems, reactor instrumentation
and control systems and other balance of plant systems have been completed and detailed
design is underway. The Preliminary Safety Analysis Report (PSAR) has been completed and
submitted to OAEP for approval and issuance of a Construction Permit, and the PSAR has
been reviewed by OAEP, its consultants as well as the IAEA. Fuel loading and commissioning
is expected before the end'of 2002.

This paper describes the basic design features of this 10 MW multipurpose TRIGA, including
key design features of the reactor fuel, core and related structures. The results of reactor
performance and safety analyses performed in support of the PSAR will be described.
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SUBCRITICAL ASSEMBLY DRIVEN BY A HIGH INTENSIVE
NEUTRON GENERATOR FOR NUCLEAR SCIENCE AND

TECHNOLOGY

I. Serafimovich,S.Chigrinov,V.GouIo, A. Khilmanovich, I. Rakhno, A. Kievitskaya,
B. Martsinkevich, S. Mazanik, L. Satnikov

"Sosny" Scientific & Technical Center
National Academy of Sciences of Belarus

Sosny, Minsk, 220109, Republic of Belarus

Research in the field of nuclear physics, reactor physics, radiochemistry, radiobiology,
etc. were carried out at the National Academy of Sciences of Belarus ("Sosny" Scientific
& Technical Center) beginning from the 60es on the basis of the research reactor JLRT-
1000, two critical assemblies and an experimental mobile nuclear plant (MNPP).Both
reactors were shut down after the Chernobyl NPP accident. The part of the spent fuel
from the reactor IRT was sent for reprocessing to Russia, and the rest one was charged
into the storage facility together with the high enriched spent fuel of MNPP.

The research reactor at the National Academy of Sciences of Belarus (NASB) was
modified in the 70cs. Energy capacity of the reactor was increased up to 4000 kW due to
using fuel assemblies with 13-235 of 90% enrichment and other technical solutions.

In 1991 NASB took the decision about decommissioning the reactor. The design of the
reactor decommissioning included dismantling of the main technological equipment of
the reactor with conservation of the reactor's building, laboratory rooms, hot cells,, the
reactor's tank with biological shielding, as well as thermal graphite column consisting of
5 tons graphite of high purity.

The reactor shutdown resulted in a considerable decreasing of works connected with
using neutron irradiation both for solution of a number of problems of applied
character, training and for carrying out research in the field of neutron and nuclear
physics.

One of the probable experimental facilities which allows to take the place of the research
reactor IRT-200 to some extent and possesses nuclear safety, is simple in operation,
rather cheap is a subcritical assembly driven by a neutron generator of high intensity.
The design of such facility has been developed at the "Sosny" Scientific and Technical
Center/National Academy of Sciences of Belarus ("Sosny" STC NASB) and it will be put
into operation in 1999. Research subcritical assembly driven by the neutron generator
consists of:

1. uranium-polyethylene subcritical assembly (Kefr<0.98);
2. neutron generator (1=1.5 -2.10nneutr./'sec.,i;
3. rabbit system;
4. y-spectrometers of different types.
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The neutron generator consists of high-current neutron beam accelerator with some
special provisions for maintaining a high D+ atomic ratio for D-T neutron production,
highly effective water-cooled rotating solid TY-T and Tj-D targets for continuous neutron
supply.

The subcritical assembly is an uranium-polyethylene breeding system with K,liai<0.9$
placed in the graphite moderator with dimensions of 1000zl2000 mm. The core is in the
form of parallelepiped with dimensions of 400x400x600 mm composed of polyethylene
cassettes where 265 fuel elements with the pitch of 20 mm are placed. Three horizontal
experimental channels are envisaged in the subcritical assembly for placing targets, as
well as the channels for neutron flux monitoring and emergency protection systems. A
neutron-producing target made of Pb is placed in the centre of the subcritical assembly
where neutrons of the more low energies are formed due to reactions (n, n1), (n, 2n)
under the effect of neutron beam.

The carried out calculations of energy dirtribution of neutron flux density in the
experimental channels have shown that the distribution (Fig. 1) differs from the neutron
spectrum in thermal reactors and constitutes the value 1.5.10* neutr./cm2 sec. in the
range 10'2eV < En < 10 ! eV for T rT target.

Moreover, using high intensive neutron beams with energies of En«14.5 McV and
En^2.5-3 MeV gives the possibility to broaden the region of their application to a
considerable extent for the applied and research works. The experience of 2 years in the
neutron generator operation with T rD target and a graphite column for generating of
thermal neutrons has shown that in combination with high effective methods of y-
spectromctry such experimental facilities could play an important role in the
development of nuclear science and technology and especially in the developing
countries as safe, relatively cheap and effective nuclear research instrument.
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MODERNIZATION AND RECONSTRUCTION OF AGEING RUSSIAN
RESEARCH REACTORS AS THE METHOD TO EXTEND THEIR
OPERATIONAL LIFE

V.V. KHMELSHCHIKOV, I.T. TRETYAKOV
Research and development institute of power engineering (RDIPE), Moscow,
Russian Federation

The common situation in Russian atomic industry exhibits a tendency to
steady ageing of research reactor (RR) facilities and extremely limited financial
means for constructing new equipment instead of old. Worsening of public
opinion of nuclear engineering, economic crisis and structural reorganizations
taking place in Russia lately indicate the need for transition from extensive
development of RR base to intensive one.

At present time this tendency clarifies itself and includes the following
trends:
1 .A few number of RR is being under construction;
2.There are some RR, located in large cities as a rule, which have shut down
with no recommissioning plans;
3. A considerable number of operating RR are coming nearer to the end of their
operational life, set be the project, and will have to shut down after 3-5 years;
4.Management of the most part of RR have worked out the strategic plans
concerning point 2, providing for reactor's modernization or reconstruction;
5.A part of Russian RR has already been refurbished and is operating
successfully at present.

The comparison of temporal and quantitative safety evaluations is shown
in Fig.l, though it doesn't take into account specific realities, concerning
particular RR, in developing a strategy for ageing facilities. When RR is
replaced by a new one, a stretch of time between old reactor shutdown and
commissioning a new one is known to achieve 12 years at the minimum. This
period can be reduced to 5 years by means of reconstruction and modernization
of operating RR.

With respect to modernization strategy the following positive factors are of
great importance:
• additional lands are not occupied for construction site;
• the exploitation of reactor building and a considerable part of technological

system equipment is in progress. Their operational life is longer than of in-
reactor devices (subjected to irradiation and heating) as a rule, and lasts no
less than 50-60 years;

• experimental base, which may be improved to carry out new tasks, is
retained;
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Fig.1 Comparison of temporal and quantitative safety indices for building of new RR and refurbishment of operating RR
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• skilled personnel is preserved, since it can be employed in resembling works
during the reactor shutdown;

• the main strategic object is to retain research and experimental base with
minimum financial and temporal expenses.
RR PIK (Gatchina) can be an example of reactor under construction. Its

building has begun in the former USSR and isn't completed yet.
We have a wide range of RR with operational life coming to an end, which

are to be reconstructed or modernized: IRV.1M (Lytkarino), IBR-2 (Dubna),
IBR-30 (Dubna), MIR (Dimitrovgrad), etc.

SM-3 (Dimitrovgrad) and IW-2M (Zarechny) are known to be the
examples of RR, where refurbishment has been already completed and they are
operating successfully at present time.

2-3 Russian RR can cite an example of general and concrete approach to
the issues including safety enhancement and development of the reactor
engineering with reconstruction and modernization of ageing facilities.

REFERENCES

1. G.A. BAT, A.S. KOCHENOV, L.P. KABANOV, «Nuclear research
reactors», Moscow, Atomizdat, 1972.

84



XA9952368
IAEA-SM-360/43

THE NEW COMPACT CORE DESIGN OF THE FRG-1

P. Schreiner and W. Krull

GKSS-Forschungszentrum Geesthacht GmbH
Max-Planck-Stra&e, D-21502 Geesthacht, Germany

The GKSS research center Geesthacht GmbH operates the MTR-type swimming pool
research reactor FRG-1 (5MW) for 40 years. The FRG-1 has been converted in February 1991
from HEU (93%) to LEU (20%) in one step and at that time the core size was reduced from 49 to
26 fuel elements. Consequently the thermal neutron flux in beam tube positions could be
increased by more than a factor of two /1,2/. It is the strong intention of GKSS to continue the
operation of the FRG-1 research reactor for at least an additional 15 years with high availability
and utilization. The reactor has been operated during 1998 for more than 280 full power days.

To prepare the FRG-1 for an efficient future use, a large set of nuclear calculation have
been performed to reduce the core size in a second step from the current 26 fuel elements to 12
fue! elements (Fig. 1). To achieve this reduction the fuel loading has to be increased from 3,7 g
U/cc to 4,8 g U/cc. Table 1 shows a comparison of the present and the future core /3/.

beryllium reflector with
cold neutron source

] SH9 V \ SH

Figure 1: Model of the future
core with beryllium reflector
and beam tubes

fuel element

P f̂—l control fuel
^i^vH element

beryllium reflector
element

g ? % beryllium Irradiation
/ft element

Table 1: Comparison of present and future core

Thermal Power (MW)
Number of fuel elements
Number of control rods
Fuel
U-235 enrichment {%)
Fuel density (g U/cc)
U-235 content per fuel (q)
ave. heat flux (W/crn^)
Coolant velocity (m/s)
Reflector
Front end of beam tube

present core
5

21
5

U*Sb
19.75

3.7
323

12
1,6

H2O.Be

future core
5
8
4

U3Si2
19,75

4.8
420

25
2,9
Be

optimized
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The neutron fluxes were calculated at each beam tube position. The calculations!
results indicate that the increase in thermal neutron flux for the beam tube is between 50 and
160 % depending on the position of the beam tube. The maximum axial integrated unperturbed
thermal neutron flux will be at the position of the cold neutron source, it will be increased from
7.5*1013 to 1.2*10M n/cm2 sec. Beam tube 8 with the cold neutron source serves around 65 % of
the experiments of all beam tubes of the FRG-1 and is therefore the most important beam tube.

The main results of the depletion calculation for the equilibrium core are shown in table
2. The cycle length was computed to be 70 full power days. The average burnup at BOC is 17.8
% and at EOC is 28.7 %. The average discharged burnups in the standard and control elements
are nearly the same. Two standard elements and one control element are foreseen to be
replaced per cycle 141.

Table 2. Burnup results for the equilibrium core

10.2 %
18.7 %

21.2 %
29.8 %

27.4 %
35.0 %

0 %
9.7 %

9.7 %
19.4 %

10.9 %
21.1 %

0%
10.2 %

0%
10.9%

27.0 %
35.7 %

19.4 %
27.4 %

18.6 %
27.0 %

29.8 %
37.7 %

cycle length: 70 full power days

discharge burnup:
standard element: 35.7 %
control element 37.7 %

core averaged burnup:
BOC: 17.8%
EOC: 28.7 %

Selected transients were studied within two broad categories: (1) loss-of-flow transients,
and (2) uncontrolled slow reactivity insertions that may occur during reactor startup. The results
of our analysed transients are summerized in the following paragraphs.

• Loss-of-Flow: The peak temperatur reached at the clad surface is 105 °C This value is far
below the solidus temperatur of the alloy cladding. The existent safety margin to the flow
instability is 6.0, the necessary safety margin to the flow instability is 1.38.

* Slow Reactivity Insertion: From an initial reactor power of 1 W the peak power reached 7.35
MW befor shutdown. The peak temperatur reached at the clad surface is 101 °C. The existent
safety margin to the flow instability is 9.1, the necessary safety margin to the flow instability is
1.48.

Summary

The constructive modification for the new core facilities (grid plate with shroud and the
support for the reactor core) are finished and will be change in summer 1999. The
thermohydraulic and safety calculations are finished and the application for the license for the
core size reduction is on the way. Comparing this conversion procedure with the first conversion
procedure we are hopefully to get a license at the end of 1999.
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RECOMMENCEMENT OF THE WWR-M NUCLEAR RESEARCH REACTOR
OPERATION AFTER FOUR YEARS SHUTDOWN

V. GAVRILYUK, M. LISENKO, Yu. MAHLERS and O. SCHERBACHENKO
Institute for Nuclear Research, Academy of Science of Ukraine, Kiev, Ukraine

The serial research reactor WWR-M of the Soviet Union production was shutdown in
December 1993 under the guidance of the Ministry of Environmental Protection and Nuclear
Safety of Ukraine [1]. The purpose of the shutdown was the reconstruction of reactor systems
in accordance to the norms, rules and nuclear, radiation, general engineering and fire standards
existing at that time in Ukraine. The owner of the reactor is the National Academy of Sciences
of Ukraine. The operator is the Institute of Nuclear Research (Kiev, Ukraine). The reactor
WWR-M was put into operation in 1960. There was no failure, nuclear or radiation accidents
during the reactor operation period.

The main technical characteristics of the reactor are the following:
Thermal power -10000 kW
Maximum neutrons flux -1,1 1014 7sm2.sec

Moderator and coolant - light water
Enrichment of the fuel by 235U - 36 %
Number of horizontal channels - 10
Number of vertical channels - 39

A great variety of the researches in the fields of nuclear physics, radiation and solid-
state physics, radiobiology have been conducted on this reactor. For instant a lot of tests of
different metals, alloys, and semiconductors were conducted, along with neutron doping of
silicon and the radioisotopes production.

After the shutdown all nuclear fuel was unloaded from the reactor core and loaded into
the nuclear spent fuel storage after the shutdown. The distillated water was used for the filling
of the reactor first loop. During the above-stated condition of the reactor the water-chemical
regime was supported in the correspondence with design requirements.

The operator developed the reactor reconstruction program directed to meet the
Nuclear Regulatory Body requirements. This program was executed. The modern system of
the reactor physical protection was created and the fresh nuclear fuel storage was modernized.
The system of emergency power supply of the reactor was upgraded. The ventilating system
possibilities were extended in accordance to the requirements of the existing Ukrainian norms.
The control and safety system of the reactor was subjected to the comprehensive analysis and
tests. The positive conclusion on these analysis and tests was obtained and the permission for
the operation of this system till 12/31/99 was issued. The reactor staff tutoring and training has
been provided to keep the staff qualification during the reactor shutdown period.

In the middle of 1997 the reconstruction of the WWR-M reactor systems in
accordance to the requirements of the Regulatory Body was completed. The Program of the
WWR-M reactor core loading by using earlier unloaded fuel was developed. In November
1997 the Program was agreed by Administration of Nuclear Regulatory Body of Ukraine, and
the staff of the reactor has begun the fulfillment of this work.

The experimental results, obtained at the moment of the reactor shutdown in 1993 were
taken as the basis of the safety. The reactivity margin determined experimentally before
unloading of the fuel (01/04/94) was equaled to 5,86|3??. The efficiency of the regulatory and
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emergency rods was also experimentally determined earlier. Simultaneously the efficiency of
the rods was calculated. The experimental and calculation results were within the limits of
errors.

The analysis has shown that the stored fuel assemblies are in the correspondence with
the rules requirements. Simultaneously, the tests of the equipment and reactor systems were
carried out. The outcomes of the tests were subjected to the examination by the Regulatory
Body and accepted as positive results.

After loading of the fuel assemblies into the core the reactor was started at the
minimal power controlling level. The experimental determinations of the efficiency of
regulatory and emergency rods were performed.

The regulatory rods efficiency has appeared to be equivalent to experimental value
from 04/01/94 within the limits of experimental error. At the same time, experimental
determination of the reactivity margin (3,76p3(j, at 12/22/97) has big difference with the value
measured in 1994. Additional calculations of the isotopes with high thermal neutron capture
cross section in the loaded fuel could not explain the reactivity losses.

Hereinafter, it was determined that the main reason of reactivity decreasing after the
four years reactor shutdown is the accumulation of / H isotope in the reactor reflector in the
result of the following nuclear reactions:
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The 2
3He isotope has very high thermal neutron capture cross section (5500 barn).

After the explanation of the reactivity losing the reactor was up to 3000 kW power
level (02/16/98), as it was agreed with Regulatory Body authorities.

At 04/06/98 three spent triple fuel assemblies were changed by new in the reactor
core. The reactivity limit was experimentally determined after this operation. It was increased
up to 5,54p??.

The reactor was up to power level 10000 kW and was the subject of comprehensive
tests during 64 hours. All parameters of the reactor were in the limits of technological norms.

On the base of mentioned above test results and the results of additional tests
conducted by independent expert from Administration of Nuclear Regulatory Body of
Ukraine, the license for reactor operation was issued.

Now for further operation of the reactor after year 2000, the extending of safe life
period of the reactor vessel and the modernizing of reactor control and safety system has the
major significance.
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Planning and Management of Refarbishment work of CIRUS
SLSankar, Bhabha Atomic Research Centre, MumbaL, INDIA

Introduction.

CIRUS, a vertical tank type, natural uranium fuelled, heavy water moderated and light water cooled
40 MWt research reactor is located at BARC, Mnmbai and is in operation since 1960. The reactor
core is housed in a cylindrical aluminium vessel with aluminium lattice tubes located between the top
and bottom tube sheets of the vesseL The reactor vessel is surrounded by two annular rings of graphite
icntctot, cast iron iketmai shields aad heavy couciete biological shield The core is cooled by light
water recalculating in a closed loop with the coolant flowing from top to bottom (Figure-1). The major
components of the system consist of centrifugal pumps, shell and tube Heat exchangers and around
1100 metes of seamless carbon steel piping of diameters ranging from 50 mm to 500 ram. About 7 0 %
of the piping is laid sub-soiL
Ciras operated with an availability factor of around 70% tin 1990 whereafter its availability started
coming down due to frequent breakdowns on account of ageing. Systematic ageing studies were
therefore carried out to assess the condition of its structures systems and components. Based oa these
studies the refurbishing requirements were identified.
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Refaririshmeat

C1RUS-PRIMARY COOLING WATER SYSTEM
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Core unloafing: The reactor was shutdown during (>aober i 997, to carry out extensive refurbishment
The core was completely unloaded of all fad assemblies, experimental assemblies, isotope tray tods,
primary shutdown devices, etc. 30 nos. of dummy fuel assemblies woe installed to facilitate circulation
of water through the primary coolant loop and for control of the water chemistry for system
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preservation. Moderator heavy water was draiaed from the system and kept locked up in a storage tank.
A&er core unloading extensive radiation field measurements were carried oat on in-cone components
and plant areas. In Service Inspection of reactor vessel tubes with a dual frequency eddy current probe
is in progress.

Primary coolant pipmg: The long lengths of sob-soil piping are laid with mechanical couplings having
elastomer seals called 'Dresser couplings'. In the 500 mm dia. lines, over 20 such couplings are
provided. One suchcoupKng on the reactor coolant outlet fine located in a sub-sc& ojncrete chamber
5 m x 3.5 m x 4 m hjgh (Orifice pit) developed a leak some time back. The elastomer seals of die leaky
coopimg were replaced without draining the water from the cocteat Kses in order to teevesJ tfes
elastomer gaskets oa other coupHags on the pipe going dry which could damage them. For mis
purpose, the concrete chamber was flooded and the seals on the coupling were replaced under-water
with the help of dives.
One interesting observation during the refurbishing outage was development of a crack adjacent to a
weld in ose of the coolant outlet cross headers made of SS 347 material. An in-situ metaOographic
examination was earned out by transferring the micro-structure to a back reflecting plastic replicating
strip and the same was examined. It was revealed mat the area surrounding the crack had sensitized
nricFO-strncture. The aack propagation was seen to be inter-grannte. There are 13 snch welds in this
cross h(ttfer «nH all these welds were scanned uhxasonicaQy after dismantling the kfqyfey from its
location, ft was observed that all other welds are free of defects except the one which had failed. The
cross header is being repaired for use.

Primary Cooling Water Storage tanks: The spherical concrete high-head storage tank (Ball tank) of
shut down cooling system had developed a small leak some years back at a concrete poor joint in the
central inspection shaft (Figure-1). During mis outage mis concrete tads: was taken up for repair after
completely draining the water and surface decontamination. Special temporary ventilation
arrangements were eagmeered for safe working in the confined space of the tank. The repair work was
canied out from the wet side.
The over head and underground concrete storage tanks buSt in fifties were evaluated for seismic
qualification. The design stresses were re-evaluated under the design basis earth quake ground motion,
dead weight and live load and a dynamic and static stress analysis was performed to assess the safety
margins. The stnictares have been found safe for preset The health
of the overhead concrete tank was also assessed by tests like, ultrasonic pulse velocity, corrosion
activity, carbonados depth, rebound hammer test and by testing the core samples. The test results
indicate the structures to be m a healthy state.

Reflector: fn order to assess the thermal safety of the graphite reflector, samples were taken from the
graphite reflector to measure the stared energy, degradation in thermal conductivity and Wigner energy
release behavior over a temperature range from room temperature to 650° C. In addition, planned
experiments were carried out after safety evaluation at different power levels prior to reactor shutdown
to measure the graphite temperature transients following a reactor trip from power operation and
simultaneous reduction in ventilation cooling of the reflector. Based on the results of these
experiments and the laboratory measurements carried out on the graphite samples, the stored energy in
the reflector is found to be of no significant safety concern.

Utilization of reacttr waste heat for desalination: During the refurbishing outage, a low temperature
vacuum evaporation unit for desalination of sea water will be coupled with the primary coolant system
of the reactor. For tits, about 7 % of the gross primary coolant flow would be diverted through a plate
type heat exchanger working in parallel with the existing heat exchangers. The reactor waste heat
would be utilized for desalination through an intermediate coolant circuit.
A tew of the impofflnt refurbishment works that have been completed and which are in progress are
detailed in this paper. It is expected that after refurbishing the reactor would be put back into operation
with improved safety and reliability and will be utilised for several more years. This experience of
remrbishment work canied out in radioactive environment will also aid in planning and execution of

of the reactor at a future <iq*̂
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Current Development at the Finnish TRIGA Reactor towards the Operation of
the New BNCT Irradiation Facility

VTT Chemical Technology. Espoo, Finland

The HR 1 -reactor, &250kW Triga reactor, wjtti its subsystems has experienced a
large renovation work. The main puxpose of the upgrading has been to install the new
Boron Neutron Capture Therapy (BNCT) irradiation facility.

During the renovation the ventilation, electricity lines, water and waste water pipe
lines and the reactor cooling system were renewed. Some new rooms for the BNCT-
purposes were also constructed on the ground floor- The cpithermal beam facility of
the BNCT-irradiation station got its final form and the therapy room surrounded with
a. heavy radiation shield made of steel and h»avy concrete.

It is naturally important that the reactor can be operated without failures in the reactor
or its subsystems during the treatment of human patients. In order to increase the
availability of the reactor and the necessary systems in the reactor building all the
pumps of the reactor cooling system and the main fans of the ventilation have been
doubled. Li case of a failure the second fan in the ventilation system starts
automatically when the first fails. Accordingly in the reactor cooling system the
substituting pump shall be started manually. The reactor instrumentation is fed by an
UPS (Uninterruptible Power System) and a diesel aggregate feeds power to the
reactor cooling and the ventilation systems, if the normal power supply fails.

The epithermal neutrons are produced from the fast fission neutrons by a moderator
block consisting of AI+AIF3 (ELUENTAL), which showed to be the optimum
material for this purpose. Figure 1 describes the general layout of the BNCT beam.
This arrangement gives a high epithermal tieutron field, 1.0 x 109 n/cm2s with a rather
low fast neutron and gamma component (11.

Fig. I Fir 1 epithermal neutron beam facility
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Independently of the large renovation work we had to submit the application for a
new operating license for the reactor at the end of the year 1998 after nine years'
operating time with the old license. General information about the reactor in the fonn
of short documents was supplemented with the application for an opaiating license.
Detailed documents describing the reactor and its operating procedures were
submitted separately to the Authority of Radiation and Nuclear Safety. To these
documents belong e.g. the final safety analysis report, the quality assurance
programme, technical specifications and the description of the arrangements for
physical protection and emergencies. This year (1999) the authorities review the
documents and ask us to make some modifications to the documents. At the same
time we have to submit our assessment of the influence of the ageing of certain
reactor components or systems to the safety and availability of the reactor. It is
expected that the Council of State will grant the new operating license at the end of
this year.
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CURRENT STATUS OF RESEARCH REACTOR AT THE TOKAI RESEARCH ESTABLISHMENT

T.Yamada, S.Kobayashi, F.SakuraL KKaieda
Japan Atomic Energy Research tostitute(JAERI), Tokai-mura, JAPAN

A wide variety of studies and tests have been conducted with Japan Research
Reactors JRR-3M and JRR-4. The paper describes the present circumstance concerning
those utilization and utilization facilities, including a development of new facility and
instruments..

JRR-3M(Japan Research Reactor No.3),which is equipped with a cold neutron, source
and five neutron guides, has provided researchers of fundamental and applied research
with an intense and high quality neutron beam. The total number of instruments
installed in a reactor hall and a guide hall is 28, and 2 more instruments are being
developed(Fig.l). The number of users increases drastically. Especially the total number
of neutron beam users, who worked mainly in the field of neutron scattering has reached
17,000 person-day, and requested beam time has reached twice of available beam time in
1997. New instruments such as neutron Laue diffractometer are being developed for
providing experimenters with various research opportunities. Replacement of a CNS
moderator cell was carried out this year. Furthermore, in order to meet the demand for
more intensity and beam time, replacement of existing nickel guide tubes with super-
mirrors is carried out for increase of the thermal neutron flux at least by a factor of five at
the neutron guide end in next year.

JRR-4(Japan Research Reactor No.4)is a light water moderated and cooled, enriched
uranium ETR-type fuel used and swimming pool style reactor with thermal power output
of 3.5MW. Since the first criticality was achieved on January 28,1965, many experiments
have been continuously sueceed for widely researcher by January 12, 1996. The
modification works of JRR-4 was started in October 1996, for core conversion to LEU,
utilization facilities upgrading and renewal of some reactor systems. According to the
framework of reduced enrichment research reactor program, the new fuel is
manufactured as 20% lower enriched uranium suicide fuel without changing of structure
and any size. The utilization facilities was installed a medical irradiation facility for
Boron Neutron Capture Therapy(BNCT)(Fig.2) and was modified a Neutron Activation
Analysis(NAA) system for short life nuclides and a large scale pipe irradiation system. •
Furthermore many works were conducted such as the renewals of instrument and control
system, repairing of reactor building etc. The full power operation of JRR-4 was resumed
with LEU fuel in October 1998, and start the joint use of it from the beginning of 1999.
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Reactor Building Experimental Building

Fig. 1 Layout of neutron, beam experimental facilities at JRR-3M

Fig. 2 Cross sectional view of xteutron baaat facility- for BNCT at JRR-4
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Modifications planned for continuous operation of the JEEP E reactor.

K. Caspersen
E. Andersen
J. P. Rambajk
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S. Hval
Institute for Energy Technology, Kjeller, Norway

The JEEP II reactor is used both for irradiation purposes and neutron physics
experiments i.e. neutron diffraction and spectroscopy. The loading and unloading of
material to be irradiated, requiere reactor stop. There are approximately 1500 stops of
average duration 1 hour, each year. This is of course not a happy situation for the
neutron physicist. Also from an operational point of view, continous operation is
preferable, as it over time will reduce the maintenance costs. Therefore a plan for
needed modifications to do the loading and unloading while the reactor is operating is
requested. The main modification is the filling of the irradiation thimbles with heavy
water. At the same time the diameter of the thimbles is increased to accept larger
samples for irradiation purposes.

A prestudy has shown that water-filled thimbles make it possible to load and unload the
reactor on full effect. This includes mechanical modifications as well as implications to
utility systems, reactivity, fluxprofiles, healthphysics etc.

To identify the actual positions for modified thimbles, machine drawings of the reactor
interior were scrutinized and a special tool for control measurements was designed. The
servey showed that seven out of nine irradiation thimbles in the reflector area of the
reactor vessel may be modified. In addition to the new thimbles, this modification
requires a new reactor vessel top-lid and adhered modifications done to the upper grid
support plate.

Due to radiolytical reactions in the heavy water contained in the thimbles, it is necessary
to circulate this through a purification circuit. This circuit is separated from the
purification circuit for treatment of the heavy water contained in the reactor vessel.
Other utility systems that have to be modified are the tools for loading and unloading
samples in the thimbles.

Estimates based on calculations performed with the WIMS computer code, show that
approximately 600 pern of reactivity will be "released" by the modification. This is
because the gain obtained by filling the thimbles with heavy water more than
compensates for the loss caused by the increased mass of the larger thimbles. On the
other hand some of this gain will vanish when the heavy water in the thimbles is
partialy displaced by samples for irradiation. This is an effect of less significance when
irradiations are performed in dry thimbles.
Preliminary studies of the reactor kinetics during loading and unloading of irradiation
samples are performed based on calculations and experiments in a heavy water filled
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thimble. The experimental results are consistent with the calculations and indicates that
the operations can be done within the safety limits. A more extensive study will be
performed when the larger, heavy water thimbles are installed in the reactor.

When irradiating in dry thimbles, the introduction of a sample into the thimble does not
affect the flux profile in the thimble significantly. This is not the case when using heavy
water filled thimbles. The introduction of a sample displaces some of the heavy water
which acts as a reflector and moderator. The thermal flux is then depressed to some
extent in the sample. The WIMS computer code is used to simulate this with silicon
ingots of different sizes and in different positions in the thimble as samples. The
simulation shows that a more homogeneous flux over the sample volume can be
obtained as the flux depression "cuts the top" of the flux profile. This effect is
confirmed by experimental work.

Loading and unloading samples while the reactor is on power, requires that the
shielding plugs wich is normally placed in the top of the thimbles, are removed. The
shielding now consists of a water column in the thimble. Experiments shows that this
gives sufficient shielding for gamma- as well as neutron radiation even at full effect.
Another advantage is that the amount of produced <!Ar is considerably reduced as most
of the air inside the reactor is displaced by heavy water.
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Subchannel Experiment and Analysis for HANARO Fuel -Assembly

H.T. Chae, H. Kim, C. Park, H.R. Kim and J.B. Lee

Korea Atomic Energy Research Institute (KAERI), Taejon, Korea, Republic of

A subchannel analysis code MATRA_h which is KAERI's modified version of
COBRA-IV/I was developed to evaluate the HANARO thermal marginal]. There are two
types of fuel assemblies in HANARO; 18 element circular and 36 element hexagonal
fuel assemblies. Since the HANARO is loaded with longitudinal finned fuel assemblies
and is operated at low pressure and low temperature, adequate thermal-hydraulic models
and correlations should be implemented and validated using available test results.

Accurate prediction of subchannel velocities is important for thermal-analysis. For
the hydraulics model, the subchannel velocities of test fuel assembly were measured
using LDV(Laser Doppler Velocimeter). The pressure drop measurement for each
component of test assembly was also performed. Because the laser beam was stopped
by fuel element in the 36 element fuel assembly with triangular array, only subchannel
velocities for the IS element fuel assembly were measured as shown in Figure 1. Two
radial and eighteen axial positions were selected for the velocity measurement. Through
the path A, laser beam can penetrate to the central rod. The fuel channel has four
vertical sections divided by a bottom endplate, three spacers, and a top endplate. We
measured velocities for 4 axial locations which are indicated in terms of L/Dh starting
from the beginning of each section. The radial velocity distribution along the fuel
channel for the beam path A is shown in Figure 2. The velocities for L/Dh=2 are much
different from the rest, i.e., those for L/Dh=7,14,23. This occurs due to the flow-
obstruction formed by end plates and spacers. From the result, we can conclude that the
flow at the region below L/D&=7 is highly undeveloped. To compare velocities between
the prediction and the measurement the subchannel area averaged velocities(^vg) were
obtained from the linear measured velocities( V-) by area weighting i.e., ¥ovg=2(ViA,)/][!
(A,) where A, is the flow area for each measuring point{2].
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Figure 1. Cross section of 18 element fuel
assembly and calculation model
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Figure 2. Measured velocity distributions in
downstream of bottom spacer {Path A)

Considering the symmetry of 18 element assembly, 1/6 of full assembly was
chosen for the calculation modei. It was then divided into seven subchannels as shown
in Figure 1. The pressure loss coefficients for end plates and spacers were determined
using the results from the pressure drop test. For better agreement with the measured
subchannel velocity, different loss coefficient based on flow blockage ratio was applied
for each subchannel. The subchannel velocities calculated using MATRA__h and the
measured velocities are illustrated in Figure 3. When thermal diffusion -coefficient (TDC)
which controls turbulent mixing effect between each subchannel as input parameter is
0.015, the calculated velocities showed the best agreement with the measured velocities.
Most of the velocities show stepped behavior passing the end plates and spacers. They

97



tgtn rrorr. SEP(mrn)

also become smooth .as they develpp in the
sections divided by the plates. The
subchannel velocities in the subchannel
number 5 and 6 close to flow tube wall
are gradually decreasing in the downstream,
whereas, those in the central subchannel,
number 3 are increasing. This is not
surprising because flow tends to move
faster in the subchannel with larger flow
area due to less resistance. ...MATRA_h
underestimates the subchannel velocity in
the outer channel (5&6). This will give us
conservative result for CHF prediction,
because CHF normally occurs in the outer
channel with cold wall. The pressure
distribution in the axial direction matches
excellently with experimental observations.

For thermal model, incore test using special fuel assembly was performed to
measure the exit subchannel temperatures as power increase. The outer shape of the test
assembly is the same as that of 36 element fuel assembly and it has only 6 fuel
elements among aluminum dummy elements as shown in Figure 4. Four thermocouples
are installed at the subchannels of channel exit. The validation calculation was
performed using the above hydraulic model The measured and predicted exit
temperatures at assembly power of 348kW are compared in Figure 5. It was confirmed
that the code predictions gave the best agreement with the measured temperatures when
the TDC was 0.015. the same value as the hydraulic model.

As described, the subchannel code MATRA_h was validated using two different test
results. With the TDC of 0.015 and the hydraulic model developed, it accurately
predicts the subchannel velocitv and the thermal mixing in the HANARO fuel assembly.

Figure 3. Comparison of the measured subcnar.ne
velocities with the calculation results

Hoiiow Tube

Fuel

Figure 4. Top view of the irscore test fuei
assembly
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*

re,

35 40
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Figure 5. Comparison of the measured subchannel exit
temperatures with the calculation resuits
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General Safety Orientations of the Jules Horowitz Reactor (JHR)

P.Tremodeux
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ABSTRACT

After a brief reminder of the JHR purpose, the document outlines the General Safety related
Orientations/Recommendations used for the design and the safety assessment of the facility.

As far as the JHR design is new, the safety philosophy adopted for this reactor will be as
consistent as possible with that recommended for future (power ) reactors.

The general recommendations developed in the paper are :

•=> the general nuclear safety approach for the design, operation and analysis with, in
particular, the adoption of the Defence In Depth principle ;

"=> the general safety objectives in terms of radiological consequences ;

^the use of Probabilistic Safety Studies ;

^ quality assurance.

The « Defence in Depth »concept using, amongst others the « Barrier » principle remains the
basis of the JHR safety. « Defence In Depth » is applied both to design and operation. Its
adequacy is checked during the safety assessment and the paper gives the technical
recommendations that should allow the designer to practically implement this concept into the
final design.

Built mainly for experimental irradiation the JHR facilities will be handled according to
conventional or new operation rules which could put materials under stress and entail
handling errors. Specific recommendations are defined to take into account the corresponding
peculiarities ; they are discussed in the paper.

The safety design of the JHR takes into account the experience accumulated through the CEA
experimental irradiation programmes, which represents several dozen reactor years ; the
consultation of CEA reactor facilities operators is ongoing. The corresponding feedback is
shortly described.

Recommendations related to maintenance and associated operation are indicated as well as
those regarding the human factor.

Details are given on the JHR safety practical implementation through the CEA/DRN Safety
approach. Details of the corresponding Safety Objectives are also discussed.

Finally the designer position on the role of probabilistic safety studies and on the approach for
the design quality assurance are shortly presented.
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Large scale production of radioisotopes from research reactors for medical
and industrial applications - Indian Experience

M. AiianHiakrislniHH, A.N. Rainaswaiuy, P.S. Nagaraja, O.T.Kuiile

Radiochetnicats Programme, Board of Radiation and Isotope Tccknology (BRIT),
Depurtmenl of Atomic Energy (DAE), Mumbai 400 094, INDIA

Large volume radioisotope production has been an on-going activity in India since sixties.
Presently over 10 kilocuries of vaiious pioducls are handled every month and about 4000
consignments are supplied to 1900 user institutions in India and abroad. This paper describes
the summary of our vast operational experience.

India had an early entry into the field amongst the then developing nations, thanks to the
commissioning in 1956 of the first reactor named APSARA. This swinmiing pool type reactor
of lMWu, power had a good component of fast neutron flux and "P production in reasonably
large quantities was taken up at the Atomic Energy Establishment, Trombay (AEET), since
Uivu i viiamcd as Bhablia Atomic Research Centre (DARC). In 1900 with the commissioning of
the 40MWu, research reactor, CIRUS in Trombay, India embarked on regular production of all
uiajui taOluisuiupcs xui nicuical auu iiiuusuitu applications v,*'rNa, ™rj " ^ J "*V^O, ""or, "*i,
l92lx, 198Au, 2ft1Hg etc.). With the commissioning of lOOMWu, reactor D H R U V A In 1953,
large scale production and utilisation of these isotopes her-ame. a regular feature of our
programme.

REACTOR
*n' 1 LUX in n cm'V1

(Maximum)
n* FLUX in n cm'V

(Typical Irradiation Position)

APSARA
1x10" at

1 MW level
5x1 u ia at

0.5 MW level

CIRUS
rtxlO13 Ml

40 MW level
bxI010at

40MW level

DHRUVA
1.8x10'" at

100MW level
8x10'' at

60MW level

The impetus from ihe national atomic research centre and the keen interest of user physicians
of the country hcialdcO the eta ufuuDlcai iiicUicinc in India, since sixties, Including therapeutic
use of NaI31l and Na3

a2PO<i. Since then, there has been large scale utilisation of I 3 11, with a
surge in the growth of thyroid cancer therapy centres over the past decade. The revival of
interest in the U6e of P for medical use has been of more recent origin, while the use of
radiolabelled nudeotides has been in vogue since mid-eighties. For the production of "Mo,
neution ii radiation of natural MoO3 has been the method adopted all along. Over the years
there has been a SIKKJ) increase in the demand for this product for use with indigenous solvent
extraction generator system for obtaining the vital medical tracer OOmTc. Extensive quality
control tests are applied on oil these products lo ensure compliance with pharmacopueial,
specifications for medical use. Table-1 gives the progressive increase in the production and

tt mp.Hic.a1
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With increasing use of radionuclide therapy, the production of new therapeutic piuduuls such
' " i 199 ibili fb l l di liilas

g p
Km has been taken up since 1991. Feasibility fbr large scale production to meet clinical

requirements has been established. Possibility of production of other such therapeutic
radionuclidcs is also being explored.

The merits of applications of industrial radiotracer and oealod sources aa well as radiation
processing, were also duly recognised early on by the users and appropriately promoted by the
radiation technologist fioiii our Centre. "So, ^Br, 2>lNa, 19?Hg and ̂ "Hg are the major
industrial tracers produced in large scale for use in a variety of applications. Sealed sources of
192Ir of varying strengths, initially from 5 Ci to currently upto 60 Ci, have been fabricated and
used in gamma radiography cameras. The demand for these cameras lists yiuwn over the years,
from 100 in 1965 to 1000 in 1996. Correspondingly the activity handled has increased from
500 Ci / year lo 30,000 Ci / year. 6UCo for use in gamma irradiators has been regularly
produced in CIRUS ( 5 - 1 0 Ci / g in slugs and 60 - 80 Ci / g in pellets) and the activity level
has gone up from 2-3 kCi in 1960 to 85 IcCi presently to meet the demands. Further, Co of

opcoifio aoltvlly in mccacuric 1cvela ia bciilti Uiutiuccd in nnwe.r Irmc-.lom ffir inrtiielrtal
v i » p * w«sN/i7i7lkl£ ct'1/pllVCLtlv/llD

Acknowledgments ; Tftc uuthura wixh iv express ifieir gratitude to Dr.s.Uangadtoaran, Chief
Executive, BRIT, S.Ramakrishna Iyer and Dr.N.Ramamoorthy, General Managers, BRITfvr
useful discussions and encouragement. They also gratefully acknowledge the large number of
ih&ir colleague* w/70 have partlclpuivd in the production, testing and supply of these products
over the past several years and. a vast team of technical staff for the help and support to the
programme at all stages, from irradiation coordination to proper packing and safe despatch
of consignments to users.

Tablc-1: Status of production of three major medical radioisotopes in India

Radioisotope &
Target used
lodine-131 &
Te melal

Phosphorus-32
& sulphur
(purified by
sublimation)

Molybdenum-99
&MoO3

Reactor

CIRUS
CIRUS
DHRUVA
DHRUVA

APSARA/CIRUS
CIRUS
DHRUVA

CIRUS
CIRUS
CIRUS/DHRUVA
DHRUVA

Activity
processed / Ci
5 - 8 / week
8 - 10 /week
10- IS/week
16-20/week

0 .8 -1 /month
1-1.5/fortnight
1.5-3.5/fortnight

Upto 5 / week
6- 10/week
11 -30 /week
31 -35 /week

Time Period

1962-70
1971-85
1986-90
Since 1991

1962-70
1971-95
Since 1996

1965-72
1973-SO
1981-90
Since 1991

Brief details of
process used
Oxidative
dissolution,
controlled
reduction and
distillation
Dry distillation of
sulphur and
reconstitution of
phosphorus residue
inHCl
Alkalt dissolution
and filtration.
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Perturbed Angular Correlation Studies of ABO2 and ABO3 Oxides

in the IEA-Rlm and RPI Research Reactors

R.N. Attili, AW. Carbonari, M. Moralles, J.Mestnik-Filho, R.N. Saxena
IPEN-CNEN/SP, P.O.Box 11049, 05422-900, Sao Paulo, Brazil

and
J.G. Marques, CM. de Jesus, J.C. Soares

Instituto Tecnologico e Nuclear, Estrada Nacional 10, P-2686-953 Sacavem, Portugal

The Perturbed y- y Angular Correlation spectroscopy (PAC) is a well-
established technique in materials science. The PAC method is based on the hyperfine
interaction of radioactive probe nuclei with extranuclear magnetic fields and electric-
field gradients. It has been used to study, at an atomic level, systems as diverse as
metals, semiconductors and, more recently, metal oxides. PAC senses the local
electromagnetic environment of radioactive probe atoms some of which can be directly
produced in a research reactor via (n,y) reaction, such as 99Mo, 140La, 181Hf, and 187W.
Others, like m A g require relatively simple chemical separation processes from neutron
irradiated Pd. One isotope, which is very commonly used in the PAC work, is u l In
produced in the cyclotron. The number of radioactive nuclei necessary for the
measurement in a given system can be as low as 1010 nuclei, thus only small activities
are required and impurity-impurity interactions can be completely ignored. The main
difficulty in PAC experiments is often the ambiguity about the exact location of the
radioactive probe nuclei, particularly in materials where more than one atomic site, in
principle, can be occupied by the probe. However since a number of radioisotopes with
different chemical properties, produced in nuclear reactors, can be used as probes, it is
possible to investigate complex structures with the PAC method and this can be a great
advantage over other hyperfine interactions methods.

A research program to study the ABO2 type oxides was initiated at the IEA-
Rlm research reactor of IPEN-CNEN/SP, Brasil using the isotope m A g / m C d as the
nuclear probe [1]. A joint research program to investigate the ABO3 type of oxides is
currently underway at IPEN-CNEN/SP, Brasil and ITN-Sacavem, Portugal.

The A^B^Oj type of oxides, called delafossites, crystallize in a hexagonal
layered structure and have two non-equivalent cation sites. The trivalent ions B are at
the center of regular oxygen octahedra, which are connected by monovalent ions A. A
number of delafossite oxides were investigated by PAC spectroscopy using l u Ag /
i n Cd and 11 lln / u l Cd [1,2]. The main aim of the work was to establish experimentally
the precise location of the probe atom (A+1 or B+3) in these oxides. The particular
feature of the experiment was to show that the results obtained by two radioactive
parent atoms with quite different chemical properties decaying to the same hyperfine
probe level can lead to an unambiguous information with regard to the site location of
the probes in these ternary oxides.

The ABO3 compounds known as perovskite can have quite complex structures.
In some cases these compounds present magnetic ordering [3]. Three main subjects
have been under study: (i) the factors that determine which of the cations A or B an
impurity (probe) will replace, (ii) which type of vacancies are present in non-
stoichiometric crystals, and (iii) magnetic behavior of the compound.
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In the case of LiNbO3, which is an electro-optic and piezoelectric material, with
important technological applications. Neutron irradiation of the crystals, doped with
natural Hf during growth produces the 181Hf activity. Typical activities of 0.75-1.0 MBq
are used. LiNbC>3 is a non-stoichiometric crystal with several possibilities for charge
compensation for example oxygen, lithium or niobium vacancies. While several
investigators have ruled out oxygen vacancies, it is still not clear whether lithium or
niobium vacancies are the dominant ones. Crystals where Hf replaces Li and Li + Nb
were studied after irradiation and after annealing. It is shown that the recoil from the
emission of the prompt gamma in the 18oHf(n,y)181Hf reaction displaces the 181Hf probes
and the observed selective displacements can only be understood by assuming that
lithium vacancies are dominant.

Rare earth perovskite compounds such as LaMnO3 provide a basis from which
technologically important materials can be developed. When doped with alkaline earth
elements in the rare earth site these compounds the so called lanthanum manganites
Lai-XAXO3 (A = Ca,Sr, Ba) exhibit unusual electric and magnetic properties such as
giant magnetoresistance. These properties depend sensitively on the presence of dopants
and defects. As a first step the parent compound LaMnO3 has been investigated by PAC
using the u l In / m C d and 140La / 140Ce probes to study the magnetic hyperfme field
(mhf) and the electric-field gradient (efg) at the La site. Actual composition of the
compound (LaMnf^Mn^Oj) depends strongly on the Mn oxidation state. Depending on
the processing conditions up to several tens of percent of manganese ions can have 4~
oxidation state and the formation of cation La3+ and Mn3+ vacancies are expected.
Mn4+ion concentration determines the low temperature structure of the ceramic. PAC
spectra with m I n / m Cd probe show strong damping of the oscillation amplitude
indicating a distribution of vacancies in the neighborhood of the probe. Dynamical
effects involving charge exchange between manganese ions might also be present.

The 140La / Ce probe presents a particular advantage due to the fact that the
isomeric level used in the PAC experiments has a very small quadrupole moment and
one can observes only the magnetic interaction without the interference of the
quadrupole interaction. The results obtained could then be related to the giant
magnetoresistance effect observed in this compound.

The PAC method has been a powerful tool for the investigation of materials and
the great advantage of PAC-laboratories close to nuclear research reactors comes from
the fact that a large number of useful probe nuclei can be produced in reactors. A review
of the currently used Perturbed Angular Correlation spectrometers as well as their
foreseeable upgrades will be presented.
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EFFICIENT UTILIZATION OF A LOW POWER TRIGA TYPE REACTOR

G.Badurek,M.Bichler,H.B6ck,S.K6rner,M.Villa

Atominstitut, Vienna, Austria

The TRIGA reactor Vienna is extensively used for academic research in basic and
applied physics, chemistry, engineering, electronics, and instrumentation techniques.
Approximately 30 students complete their Master or PhD works annually. Most of the
experimental facilities around the reactor are occupied to accomodate several
experiments in parallel. Following is a survey of current research activities around the
250 kW TRIGA Mark-II reactor Wien, Austria.

One of the main research fields at the TRIGA Vienna is neutron and solid state physics.
This includes ultra small-angle neutron scattering (USAS) which is used to study the
mechanism of phase separation and the sizes and degrees of dispersion in dispersed
structures of alloys, powders and glasses. Another area of investigations is the analysis
of polymer chains in different aggregate states and the three dimensional structures of
biological macromolecules and their complexes in solution. The Double Crystal
diffractometer (DCD) consists of two perfect silicon channel cut crystals placed on a 1.2
meter long vibration isolated optical bench where the sample to be investigated is
inserted in between the two crystals. Typically the diffusion process of Sn into Nb in
superconducting multifilament wires with different heat treatment parameters are
studied here. Another area of research are experiments with polarized neutrons. The
work is focused on polarimetric transmission measurements including depolarization
measurements, aiming to investigate the magnetic domain structures and dynamics of
ferromagnets under various physical conditions as well as on selected quantum
mechanical fundamental experiments to be carried out with neutrons.

Neutron radiography (NR) is another important research field at the TRIGA Vienna
and is performed at two neutron beam facilities at the TRIGA reactor. During the last
years the focus of NR was the study of moisture behaviour in porous building materials.
Presently a new facility is under installation including a nitrogen cooled CCD camera
based detector system.

The radiochemistry departement uses the reactor for NAA mainly in the field of trace
element studies in environment. Typical research areas are the determination of such
elements in volcanic gases, in fly ash of fossile fired plants, in lichen collected in different
altitudes near industrial centers, in river water and mud etc. Special sampling
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techniques have been developed for the different research projects. The irradiation
facilites at the TRIGA reactor include five standard irradiation channels, one central
irradiation channel, one slow pneumatic transfer system and one ultra-fast pneumatic
system.

Nuclear engineering research is focused on accident analysis, probabilistic safety
analysis, development and tests of safeguards instrumentation and reactor
instrumentation improvement. Further special methods and tools have been developed
during the past 37 years of reactor operation to inspect and maintain ageing reactor
components.

In view of educational programs the institute offers about 10 different practical courses
in the above mentioned research areas, supported with approximately 100 specialized
lectures in the nuclear field. Some of the practical courses and speciafized lectures are
also available in English language in view of international cooperation. Due to the
proximity of the International Atomic Energy Agency a number of courses are also
carried out for training purposes of IAEA Safeguard Trainees.

The submitted paper will discuss in detail the various research programs mentioned
above and will show that even nowadays a small university research reactor can be
efficiently utilized in many research areas.
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Thermal Facility for BNCT at the RA1 Argentine Research Reactor

C.R. Calabrese, H. Scolari, C. Giizutti, X Castillo, G. Qumteiro, F. Cantargi

CNEA, Argentina

A thermal facility for BNCT experiments is being developed in the argentine Research
Reactor: RA1 'TEnrico Fermi".

RAl research reactor is sited at the Constituyentes Atomic Center, near Buenos Aires,
and started operations in 1958. It worked at several power levels, up to 120 kW. Today,
RAl is licensed to work at 40 kW,

The reactor was used to produce radioisotopes in the early 60% and today gives
irradiation services to test materials, to calibrate detectors and activation analysis. RAl
users are CNEA researchers, Argentine Regulatory Authority staff, and private
laboratories.

Boron Neutron Capture Therapy (BNCT) is a method to fight against cancer. It consists
in irradiation of cancer tumors using thermal neutrons, The tumor tissue should bclude a
relatively high concentration of a boron solution. The boron irradiation produces the
following nuclear reaction:

n + B30 -> a +Li7 + y

Being the o. particle a radiation with short range, but high destructive energy, the tumor
cells are destroyed.

The neutron flux should be of 10 9 n/cnTseg, and the gamma dose lower than 0.48
sV/h.

This method is oriented to treat brain tumors. Taking into account that the brain tumors
are usually located several centimeters deep in the head, to get thermal neutrons in the
tumor it is convenient to irradiate the pacient using epithennal neutrons. Moderation in
the cells of the brain will permit to get more thermal neutrons in the tumor.

The BNCT program in CNEA, includes the construction of an epithennal clinical
facility in the RA6 research reactor, a 500 kW facility, located in Bariloche Atomic
Center. Some preliminary experiments, including the testing of boron compounds, are
performed in the RAJ reactor. In these experiments, little animals like hamsters or bottles
with cultivated cells are irradiated, allowing the direct use of thermal neutrons.

The RAl BNCT project consists of several stages.

In the first stage a preliminary thermal facility was built. Irradiation times of 45-60
minutes were estimated, at power operation levels of 40 kW. Several tasks were
performed:

109



a) Neutron flux and gamma dose measurements.
b) Flux and component activation calculations.
c) Mechanical devices construction and shielding,
d) Instrumentation of the facility
e) Regulatory aspects.

In this stage, the neutron flux in the irradiation position is little more than 107 n/cm2seg.
The gamma dose about 0.1 <3y/h.

The second stage consists in doubling the RAl power leveL This fact will duplicate the
flux and therefore the irradiation times should be reduced to half.

The third stage of the projects consists in reaching a 10 * n/cm2 seg flux. To get that
flux we have to shorten the RAl thermal column. Several tasks are performed now:

a) Detailed flux and gamma dose flux calculation, using MCNP montecarlo code..
b) Thermal column modification.
c) Mechanical devices modifications and shielding
d)Instrumentation
e)Regulatory aspects

At present, first stage was completed, and Experiments are performed using the
preliminary facility. Second stage will be implemented soon, and tasks for the third stage
are being planned.
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NOVEL 186Re COMPLEXES PREPARED USING THE
IRRADIATION CONDITIONS AVAILABLE AT THE RPI:

SYNTHESIS, CHARACTERIZATION AND EVALUATION OF
THEIR STABILITY

J. D. G. CORREIA,3 C. FERNANDES,3 F. MARQUES,3 E. MARTINHO,bA.
DOMINGOS,3 A. GOUVEIA,3 L. PATRICIO,a I. SANTOSa

a Departamento de Quimica,
b Reactor Portugues de Investigacao (RPI)

ITN, Estrada Nacional, 10, Apartado 21, P-2686-953, Sacavem, Portugal

One of the most widely applied isotopes for diagnosis is 99mTc due to its
favorable y-decay characteristics, its convenient availability, and its chemical

1 •< as i go

properties. The p-emitting rhenium isotopes Re and Re are suited for therapeutic
purposes.2 With the same ligands the structures and physical properties of the
diagnostic/therapeutic pairs 99mTc/186/188Re complexes are supposed to be the same
because of their occurence in the same periodic group.3 This fact supported the
importance of the chemistry of inactive rhenium for the development of 99mTc/186/188Re
radiopharmaceuticals. There is increasing evidence, however, that thermodynamic,
kinetic and electrochemical properties of rhenium and technetium are more different
than previously expected. These differences justify that certain analogous
99mTc/ 86/188Re complexes exhibit distinctly different in vivo biodistributions.

In our laboratory we have been synthesing novel PNO, PNS and PN2 chelating
ligands, for developping peptide-based 99mTc/186Re radiopharmaceuticals.5 So far, the
studied ligands present a significant versatility in terms of coordination mode and
charge, which can be controlled by choosing the appropriate reaction conditions. Their
chemistry was investigated with inactive rhenium and with x 6Re produced in the
Portuguese Research Reactor (RPI) at a thermal neutron flux of about 2xlO13 n cm"2 s"1.

In this work we report the synthesis and characterization of some of these novel
Re(V) oxocomplexes. They were obtained in good yields starting from [ReOCl3(PPh3)2]
or in quantitative yield from [186ReO4]~. Their characterization included X-ray
crystallograpy and chromatographic analysis to establish that the radioactive and
nonradioactive products were equivalent.
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BNCT ACTIVITIES AT THE PORTUGUESE RESEARCH REACTOR
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2FacuIdade de Farmacia da Univ.de Lisboa - Av.Forcas Armadas /1600 Lisboa - PORTUGAL

The potentialities of the application of Boron Neutron Capture in Therapy, BNCT, have
motivated a great deal of work in this field. At the moment, research reactors are the most
usual sources of neutron for BNCT, and in the case of the Portuguese Research'Reactor, RPI,
work has been performed for some time, in this area, using as irradiation place the thermal
column.

The thermal column of the RPI has two accesses, one vertical and the other horizontal
having, respectively, a diameter of 107cm and cross section of 122 cm x 122cm.

Layout and access conditions have made the vertical access the preferred irradiation place. In
this location, the thermal neutron flux is of the order of 6xl07n.cm"2.s'' (Red x 250) and the
gamma contamination is low .

The reproducibility of the irradiation conditions is, in general, quite good and this has even
been made better by doing the irradiations inside a lead shield installed to cut down the
intensity of the gamma field.

The next figure represents the vertical access of the thermal column, with the box used to
irradiate the samples placed in the lead shield.
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The experimental and calculated values of the components of the radiation field (neutrons and
gamma radiation) of the vertical access will be discussed.

A program of irradiation of melanoma cells, with a boron compound incorporated, to study
the effect on the cancer cells of the neutron capture in boron, is being pursued.

Results of the experiences will be presented.

As thermal neutrons have a low penetration in organic matter, epithermal neutrons are
necessary to reach deeply seated malignancies to be treated by the BNCTherapy technique.
To pursue the work in this area at RPI, an epithermal beam is needed. With this purpose a
beam tube is being prepared which will allow for the selection from two different beam
openings and to use, dominantly, thermal or epithermal beams. The studies of the filter
arrangements to create an epithermal beam with low fast neutron contamination and the
shielding arrangements, have been performed using the MCNP code. This beam will be used
to perform various kinds of work, namely the one dealing with the European Project "Code of
Practice for Dosimetry for BNCT" such as beam monitoring and distribution of doses in
phantoms.

The possibility of using the RPI as a BNCT facility is under study.
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PHEBUS facility: Two years of modificatioa and commissioning between two FP tests.

J-L. FABRE - E. GOUHIER - G. MIACHON - F. RODIAC
JC. CABRILLAT

Institut de Protection et de Surety Nucle"aire (IPSN)
De"partement de Recherche en S^curite" (DRS)

CEA 13108 Saint Paul Lez Durance
FRANCE

The requirement for improving data of reactor severe accident phenomenology decided IPSN in
partnership with the European Commission, Electricity de France , USA (NRC), Canada (COG), Japan (NUPEC
and JAERI), South Korea (KAERI) and Switzerland (HSK. and PSI) to launch an integral experimental
programme on the PHEBUS facility.

The experiments allow the study at a scale of 1/5000 of both the degradation of fuel (Less than 10kg)
and the behaviour of fission products in a representative reactor circuit and containment under severe accident
conditions.

The facility located at Cadarache consists of two main sections (See fig 1) :
• the reactor itself, a « pool type reactor » with a power of 40 megawatts, used to supply the

neutron flux heating the test.fuel,
• the experimental circuits, consisting of three main parts : the in pile section containing the

test assembly (part A), a portion of the circuit simulating the primary circuit up to the
breach (part B), a vessel representing the reactor containment building (part C). These two
last equipment are displayed in a vessel, the « caisson », which constitutes the first barrier
of containment.

Experimental Cell

F i g . :<•

The degradation phase lasts approximately 5 hours. The on line measurements are going on during four
days, then:

-sampling equipments are recovered,
-experimental circuits are decontamined (part A and B), and dismantled (part B)
- the caisson is decontamined and then open for rebuilding the experimental circuits and its
instrumentation,
- commissioning tests of the circuits and reactor are conducted before the next experience.

The inventory of active products in the test fuel is of about 200000 curies. The 60000 curies which
migrated through the circuits (Fission products, fuel aerosols) with partial deposit decays down to 500 curies
after 4 weeks with about half in the containment vessel.

These operations which last for over two years for each test give to the teams of IPSN the opportunity
of developping process and equipments taking into account the safety, security and scientific constraints. This is
particularly pertinent for the following actions occuring in a particular hostile environment in the caisson.

115



1) The sampling recovering :
The challenge of this operation from a scientific point of vue is triple :

-a high quality gammaspectrometry of the deposit in the samples which constitutes for the
Fission Product the reference for all the other laboraties involved in similar or different process
(chemistry)
-the quick recovery of some samples in order to measure the amount of short lives products ,
particularly the iodine,
-the minimisation of the sample content perturbation during the handling operations.

These constraints added to safety ones and to the minimisation, as far as possible, of the caisson
contamination induced the developpement of remote handling devices and video systems allowing :

- simultaneous separation of the sample from the main experimental circuit and the
reconstitution of its tighness ,
- the cover of a large zone inside the caisson despite numerous equipments inside ,
-the transfer of the samples to a hot cell for gamma spectrometry measurement.

2) The circuit decontamination.

The decontamination of the experimental circuits has not only the objective to reduce the activity of
the not consumable parts, but also from a scientific point of vue, to close the balance of fissions products and
aerosols deposition in the circuits.

These requirements were satisfied through the conception of sophisticated decontamination circuits,
able to treat independently various part of the circuit (heat exchanger loop, vessel, horizontal lines...), but also to
set up chemical solutions adapted to the different requirements of the decontamination protocole (Water with
various additives, cerium, solutions of nitric acid).

Moreover the necessity to separate organic liquid from active water, for waste management problems,
was at the origin of the conception of an original cryogenic vessel allowing the separation and filtration of the
two liquids with a residual contamination of the organic liquid lower than 1000Bq/l.

3) Dismantling of the circuit and decontamination of the caisson.
The first operation which lasts about three months has two phases :

• a reduction of the hot points using remote handling devices which takes about 3 months,
• the manual dismantling: This part, with regard to the security of workers is the most

delicate due to the limited time of operation per man (2 hours a day), the use of ventilated
suit, the exiguity of the caisson and the necessity to limit the dispersion of the
contamination.

A long preparation of the operations, using pictures, videos, a large number of
different operators and a good management of the logistic are characteristic of this phase.
Moreover the experience from the two first tests has been integrated in the design of
equipments (improvement of access, remote handling command or dismantling, waste
management...).

The release of contamination in the caisson, consequence of the previous operations, has an important
goal: the reduction of activity level and in some places its fixation, in order to simplify the further
performance of the rebuiding and commissiong tests by using for example non ventilated suit for the
operators . The main difficulty is the complexity of equipment inside the caisson which limits the
technics which can be used ( aspiration, smear, high pressure water...) . This operation after the last
experience (FPT1) last three months.

In conclusion the PHEBUS FP experimental programme , with its scientific challenges, induces the
development and the mastery of delicate operations in very hostile environment. Including the feedback from
the first two tests performed in 1993 and 1995, IPSN disposes presently of a solid and optimized technicity for
the following four FP tests.
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NEUTRON IRRADIATIONS IN AUSTRALIA

K.J. HARRIS
Australian Nuclear Science & Technology Organisation, Australia

Australia's only operational reactor is HIFAR, a 10 MW tank type research reactor of the DIDO class with
a peak neutron flux of 1 * 1014 n/cm2/sec that has been operating for 43 years. HIFAR was originally built
for materials testing but its principal applications have been for neutron beam research and the production
of radioisotopes for medical purposes.

Radioisotope production in HIFAR is undertaken in a range of facilities having various levels of neutron
flux. Production of Molybdenum-99, Iridium-192, Iodine-131 and Ytterbium-169 is undertaken by loading
cans of target material on to fabricated aluminium irradiation rigs which are inserted in the peak neutron
flux within hollow fuel elements. The cans are about 38 mm diameter by about 140 mm long. The rigs
containing the target cans are inserted and withdrawn from the reactor whilst it is at full power.
Other isotopes such as Cobalt-60 are produced on bulk irradiation rigs suspended in the D2O reflector
where the neutron flux is about 1012 n/cm2/sec. These rigs can only be inserted and withdrawn during the
routine shutdowns that occur every 28 days.

HIFAR has six self-service rigs in horizontal irradiation facilities providing access for simultaneous
irradiation of up to 41 separate target cans in a flux ranging from 1012 to 4.5*1013n/cm2/sec. The cans are
individually loaded and unloaded at power and the residence time in the rig may range from a few seconds
to several days. These rigs are used for production of radioisotopes and neutron activation analysis. The
cans are 15 mm to 25 mm diameter, depending on the facility used. The pneumatic unload conveyor
system delivers the cans to transport pots in the reactor basement or to hot cells in an adjacent building.
Isotopes produced in the self-service rigs include Samarium-153, Yttrium-90 and Chromium-51.

Self-service rigs have been used since the early 1960's in the process of neutron activation analysis. For
the purpose of identifying the chemical composition of materials, small samples are irradiated in a neutron
flux of 4* 1012 n/cm2/sec after which the radiation emitted by the samples is examined to determine the
nuclides present. More recently bulk irradiation of NAA samples has been undertaken for an industrial
company, Becquerel Laboratories, in vertical irradiation facilities in the graphite reflector surrounding the
reactor tank. Initially NAA was used for single nuclide identification but later radio-chemical separations
and multi-element determinations were undertaken. There has been a broad application of NAA, which has
been used in work for the food and plastic industries, mineral companies and the Australian Institute of
Nuclear Science and Engineering. AINSE has a membership 36 universities from Australia and New
Zealand. The Australian Federal Police have also used the HIFAR facilities for over 30 years in applying
NAA to forensic science.

The vertical graphite irradiation facilities are mainly used for neutron transformation doping of single
crystal silicon. The high Cadmium ratio in the graphite reflector minimises damage to the silicon from fast
neutrons making these facilities particularly suitable for this purpose. The first silicon irradiation rigs in
HIFAR, which commenced operation in 1986, were capable of accommodating target material up to 125
mm diameter by 600 mm long. In 1990 additional irradiation rigs were installed with capability of
accommodating material up to 200 mm diameter by 600 mm long.

ANSTO is proceeding with plans to replace HIFAR with a modem multi-purpose pool reactor. It will have
a peak flux of at least 3*1014 n/cm2/sec at a power not exceeding 20 MW and will provide increased
capacity for isotope production, neutron activation analysis, silicon NTD and neutron radiography whilst
having enhanced beam lines for neutron scattering experiments. It is expected that the replacement reactor
will have the following irradiation facilities:
• 2 irradiation tubes in a flux of 1.7* 1014n/cm2/sec
• 3 irradiation tubes in a flux of 1 *1014n/cm2/sec
• 10 irradiation tubes in a flux of 8* 10!3n/cm2/sec
• Bulk irradiation tubes (quantity and flux density to be determined)
• 1 water-cooled low flux facility
Each irradiation tube will be at least 600 mm in length and capable of accommodating target cans of the
size presently irradiated in the HIFAR hollow fuel element rigs.
• Pneumatic self-service irradiation facilities to accommodate 45 cans of 25 mm diameter by 70 mm

long in flux ranging from 2*1012n/cm2/sec to >l*10l4n/cm2/sec
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• 1 pneumatic fast neutron irradiation facility with a flux of 10l3n/cm2/sec
• 1 pneumatic short residence time facility for irradiating a single can of about 40 mm diameter by 100

mm long in a thermal neutron flux of 2 to 5 * 10' 3n/cm2/sec for periods from a few seconds to several
minutes

The following irradiation tubes are required in a flux with a high cadmium ratio:
• 1 tube capable of accommodating a rig containing a silicon ingot 260 mm diameter by 600 mm long in

a flux of 3*1012n/cm2/sec
• 1 tube capable of accommodating a rig containing a silicon -ingot 205 mm diameter by 600 mm long in

a flux of 8* 1012n/cm2/sec -
• 5 tubes each capable of accommodating a rig containing a silicon ingot 128 mm diameter by 600 mm

long in fluxes ranging from 3*10I2n/cm2/sec to 2*1013n/cm2/sec

The above irradiation facilities will cater for the expected neutron irradiation requirements for medical and
industrial isotope production, neutron activation analysis and NTD silicon over the next 40 years.
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THE NEUTRON BEAM FACILITY AT THE AUSTRALIAN REPLACEMENT RESEARCH REACTOR

Shane Kennedy

Australian Nuciear Science and Technology Organisation,
PMB 1, Menai NSW, 2234, Australia _ _ ,

On September 3rd 1997 the Australian federal government announced their decision
to replace the HIFAR research reactor by 2005. It is to be a multipurpose reactor with
a thermal neutron flux of 3x1014 n/cm2/s and having improved capabilities for neutron
beam research and for the production of radioisptopes for pharmaceutical, scientific
and industrial use. The neutron beam facility is intended to cater for Australian
scientific and medical needs well into the 21st century.

The scientific capabilities of the neutron beam facility at the replacement reactor
were planned in consultation with representatives from academia, industry and
government research laboratories. The first task was to identify the scientific
priorities of the Australian research community. This resulted in a plan to provide a
facility for condensed matter research, not only in the traditional disciplines of
physics, chemistry and materials science, but also for the expanding areas of life
sciences, engineering and earth sciences. Cold, therma! and hot neutron sources are
to be installed, and neutron guides will be used to position most of the neutron beam
instruments in a neutron guide hail outside the reactor confinement building. Eight
instruments are planned for 2005, with a further three to be developed by 2010. The
initial suite of instruments is intended to build on the traditional strengths of the
Australian neutron scattering community in the areas of crystallography, materials
science and polarised neutron techniques, and to expand into new areas with coid
neutron techniques such as small angle neutron scattering, refJectometry and high
resolution spectroscopy. Installation of a hot neutron source will enable structural
investigations of disordered and amorphous systems. Subject to support from the
relevant interest groups, instruments with industrial focus, such as residual stress
and radiography, may also be developed.

The reactor and all the associated infrastructure, with the exception of the neutron
beam instruments, is to be built by an accredited reactor builder in a turnkey
contract. The neutron beam instruments are being developed by ANSTO in
consultation with the user community and interested overseas scientists.

The engineering specifications for the neutron beam component of the turnkey
contract was prepared by a team of scientists and engineers from ANSTO, in
consultation with some members of the scientific planning group, and scientists from
leading neutron scattering centres in Europe, USA and Japan. The specifications are
based on performance criteria for delivery of the best infrastructure in line with the
priorities identified by the scientific planning group. Tha team looked in detail at the
key components of the facility such as the thermal, cold and hot neutron sources,
neutron collimators, neutron beam guides and overall requirements for the neutron
guide hall. A conceptual layout for the neutron beam facility is shown in the figure
below, including the location of the planned suite of neutron beam instruments.
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Figure 2 - <Year 2010)

The facility will be based, as far as possible, around a neutron guide hall which will
be served by three thermal and three cold neutron guides. This removes the space
restrictions that tend to limit the development of reactor face instruments and offers
the benefit of a substantial reduction in background radiation. Separation of the
neutron beam facility from the reactor operations and the irradiation facilities should
also reduce congestion and access restrictions that hamper scientific activities at the
H1FAR reactor. As the facility is expected to provide a basis for high quality neutron
beam research for the first half of the twenty first century, the design includes
considerable flexibility to cater for potential changes in utilization. This has been
done by including extra capacity, beyond the initial suite, for seven additional
instruments. The extra capacity includes both monochromatic beams and broad
spectrum (white) beams. To allow for the possibility of a more substantial expansion
of the facility, provision has been made in the design to replace the thermal and cold
neutron beams in the reactor hall with neutron guides to transport beams to a second
guide hall.

Efficient transportation of thermal and cold neutrons to the guide hall requires the
use of modem supermiiror reflecting guides. By installing supermiiror guides we
expect to deliver beam fluxes to the instruments that are comparable, and in some
cases exceed, those enjoyed at the world's leading facilities. The scientific value of
the facility depends as much on the efficiency of the guide system as it does on the
spectral quality of the neutron sources, because the thermal neutron flux of the
reactor is quite moderate by modern standards. Our estimates of neutron flux
delivery indicate that this reactor should rate in the top five to ten facilities worldwide
in terms of its capacity for neutron beam research.
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POSSIBILITY OF RADIOISOTOPES
PRODUCTION IN WWR-M AND PIK REACTORS

E.A.Garusov, K.A.Konoplev, S.P.Orlov,
D. V. Tchmshkyan, \ G.Ja. Vasiliev

Petersburg Nuclear Physics Ins t i tu te , RUSSIAN FEDERATION

A principal possibility of some radioisotopes (192/r,60 Co," Mo) production
at PNPI research reactors WWR-M and PIK simultaneously with realization
the main programs of physical investigations is shown.

At the WWR-M reactor such possibility exists due to large physical pa-
rameters of the reactor, first of all to high value of neutron flux density and
design features, enabling to supply independent statement of irradiation de-
vices. The arrangement of irradiation devices in the core and in experimental
channels takes into account physical properties starting and purpose isotopes
(neutron cross sections, periods of half-desintegration and etc.), as well as
requirement of the customers (geometrical sizes of targets and specific activ-
ities of isotopes). So radioisotopes 192J> and mCo preferable to be made in
the areas with a high thermal neutrons flux, and radioisotop "Mo - in places
with a high intermediate neutrons flux.

To manufacture radioisotop 192/r at the WWR-M reactor, with campaign
possessing length of ~ 10 days, it is possible organization a light-water trap
in seven regular fuel asemblies volume (~ 3.5 1) to place starting targets.
-Thus a non-uniformity of neutron flux is compensated by vertical moving of
targets in time between campaigns to the area with a higher fluxes. The final
value of samples activity and optimum costs of their reception are determined
by a number of campaign, during which samples are situated in the core.
For reception isotopes 192i> and Q0Co of small activity vertical channels in
berilium reflector can be used.
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Isotop "Mo is more expedient to be made in small diameter special chan-
nels directly inside the core, where an intermediate neutrons flux is rather
high, and it is possible to unload irradiated samples in hot cells without a
reactor shutdown.

The values of unperturbed neutron fluxes in prospective installation sites
of irradiation devices at the WWR-M reactor and possible maximum specific
activities of purpose isotopes for a optimum irradiation time in the assump-
tion of neutron fluxes blocking absence are listed in table 1. In real irradia-
tions it is necessary to take into account blocking of neutron fluxes by target
isotopes.

In view of the fact that the PIK research reactor with the power of 100 MW
with even more high values of neutron fluxes in comparison with WWR-M
reactor start-up forthcoming, new opportunities for radioisotopes production
with high specific activity are open. However in the vessel-type PIK reactor
the manufacture of work in the core is possible only during a reactor shut-
down, therefore in the core it is better to make only isotopes which have a
large period of half-desintegration (more large, than duration of campaign
which equals ~ 30 days). According to constructive reasons it is possible
to install cobalt samples inside the core near vessel wall. Iridium samples
are most perspective to irradiate in a central experimental channel, which
has the highiest thermal neutrons flux, and enabling to make transhipments
during reactor operation. Shortlife isotopes "Mo expediently to be made in
incline channels, or in the reflector inside a neutrons converter.

The values of unperturbed neutron fluxes in prospective installation sites
of irradiation devices at the PIK reactor and possible maximum specific ac-
tivities of target isotopes for a optimum irradiation time in the assumption
of neutron fluxes blocking absence are listed in table 2.
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Table 1. Maximally - achievable specific activities
of isotopes 192/r, 50Co, mMo at the WWR-M reactor.

$th,cm 2 • s 1

1
Isotope

™Co
"Mo

Irradiation place
WT, in the core

4 • 1014

0.008
A, Ci/g

930
650
2.7

T, days
20

1000
10

Core
7-1013

0.04
A, Ci/g

680
205

1

T, days
80

1000
10

VEC

1 • 1014

0.004

A, Ci/g

720
260
0.6

T, days

70
1000
10

TC
6 • 1012

0.008

A, Ci/g

140
190
0.04

T, days
200
3000

10

WT - Light water trap
VEC - Vertical experimental channel
TC - Thermal column
A - Specific activities
T - Irradiation time
Qth - Thermal neutron flux
7 - Spectra hardness



Table 2. Maximally - achievable specific activities
of isotopes 192/r, 60Co, "Mo at the PIK reactor.

to
4

$th,cm 2 • s l

7
Isotope

imIr
™Co
"Mo

Irradiation place
CEC

4.5 • 1015

0.004

A, Ci/g

1000
920
26

T, days

2
200
10

Core

2.2 • 1014

0.07

A, Ci/g
900
500
5

T, days
30

1000
10

IEC
8 • 1014

0.0006

A, Ci/g

960
750

4

T, days
10

600
10

VEC
1.5 • 1014

0.0005
A, Ci/g

800
360
0.7

T, days
50

1000
10

CEC - Central experimental channel
IEC - Incline experimental channel
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Analysis of total Nitrogen in Soybean by Neutron Activation Technique

Varavuth Kajornrith and Areeratt Kornduangkaeo

Physics Division, Office of Atomic Energy for Peace, Bangkok 10900, Thailand

Nualchavee Roongtanakiat and Chutima kranrod

Faculty of Science, Kasetsart University, Bangkok 10900, Thailand

Chaing Mai 60, 'SJ 5 and Doi Kham soybean strains were grown in pots and

fertilized with 0, 20, 40 kgN/ha. It was found that these 3 soybean varities gave higher

seed yield with increasing of N fertilizer. The harvested seeds then were analyzed for

nitrogen content using nuclear technique (neutron activation) and standard chemical

analysis (Kjeldahl).

For Neutron Activation Analysis, seeds were irradiated with fast neutron at the flux

of 2.5x10 n.cm" .s" in out-core irradiation tube of the Thai Research Reactor-

1/Modification 1 or TRR-1/M1 (TRIGA Mark III type) at the Office of Atomic Energy

for Peace (OAEP), the emitted gamma ray of 0.511 MeV from 13N of nuclear reaction,

14N(n, 2n)13N caused by the annihilation of Positron disintegrated were measured by the

semiconductor detector (HPGe). Ammonium nitrate was used as standard and interfering

activities induced by Potassium and Phosphorus and for recoil protron were also

corrected

From qualitative analysis using nuclear technique, N, P, K, Mn, Mg, Ar and Al

were found in the soybean seed. The average nitrogen content of all the soybean

samples (27 samples) are 7.02% and 6.81% as determined by nuclear technique and by

chemical method (Kjeldahl), respectively. The results from these two methods of analysis

were considered comparable and are shown in table 1
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Table 1 Comparison of the results of total Nitrogen content in Soybean

determined by (Fast) Neutron Activation Analysis (FNAA) and

by the Kjeldahl methods

sample

No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Nitrogen Content (%)

FNAA

6.78

6.00

6.65

7.14

7.18

6.91

7.05

7.02

6.50

6.96

7.01

6.91

7.01

6.98

Kjeldahl

6.42

6.76

6.62

6.45

6.80

6.65

6.36

6.34

6.41

6.63

6.73

7.03

6.76

7.00

Difference

+0.36

-0.76

+0.03

+0.69

+0.38

+0.26

+0.69

+0.68.

+0.09

+0.33

+0.28

-0.12

+0.22

+0.02

sample

No.

15

16

17

18

19

20

21

22

23

24

25

26

27

Average

Nitrogen Content (%)

FNAA

7.11

6.93

7.47

7.72

7.23

7.35

7.12

7.11

6.96

7.28

6.62

6.91

7.73

7.02

Kjeldahl

6.77

6.86

6.87

6.98

7.12

7.03

7.00

6.81

6.92

7.18

6.89

7.04

7.39

6.81

Difference

+0.34

+0.07

+0.60

+0.74

+0.11

+0.32

+0.12

+0.30

+0.04

+0.10

-0.27

-0.13

+0.34

+0.21
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Creation of Training Centre for
Russian Research Reactors Personnel Training

A.F. Gratchev, A.I. Zatzepin, B.I. Kuprienko, R.S. Makin

State Scientific Centre of Russian Federation
Research Institute of Atomic Reactors

(SSC RF RIAR)
Dimitrovgrad, Russian Federation

Abstract

The research reactor basis of Russia which is situated practically in all
institutions of Minatom, Russia allows to provide the required research range
for support and feasability of existing and advanced nuclear power plant safety.

Experimental SSC RF RIAR basis includes seven research and pilot
reactor facilities for carryng out the works in the field of reactor material
science, physical-technic problems and nuclear reactor safety issues and others
aspects of atomic technic.

Among long-term measures directed for enhancment of Russian reactor
facilities operation safety the Conception of principle personnel training system
advancing has been established and accepted. General conclusion of world and
russian experience in the field of NPP personnel training and creation of
specialized training centre for russian research reactors personnel training on
base of SSC RF RIAR had been the main idea of this Conception.

Generalizing of home and foreing experience with consideration of russian
research reactors features had made the first part of laid down program. It's
fulfilment be came possible thanks to participation of experts from Training
Centres such as FTU, Karlsruhe, AG-KWU, Siemens, Germany at financial
support of European Community.

During 1995-1998 there were prepared and conducted several cycles ten-
weeks joint Courses with gradual transfer of russian personnel training on FTU
base (mainly with participation of german trainees) to complete organization of
training process at SSC RF RIAR Training Centre by russian experts with
consideration of german methodological experience.
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American experts in the frame of International Nuclear Safety Programm
(INSP) had made great assistents in the establishment of specialized course for
operating personnel.

The first courses for operating personnel not having special education in
the atomic field were conducted in 1998 on the base of SSC RF RIAR Training
Centre (TC) with consideration approved training material and methodological
experience.

After completion of theoretical courses which include the base subjects on
nuclear techniques the further practical personnel training provides the usage of
computer-based training (CBT), simulator of main principles, work at function-
analytical simulators of research and pilot reactor facilities, practical training at
critical mock-up s which are included in structure of some research reactors and
the probation at working facility.

The same way using the german experience and conducting the joint
courses there was prepared the program of personnel training responsible for
radiation protection with practical orientation to management and control of
radiation dangerous works carried out as well at research reactors as in hot
chambers, radiochemical production and production of radioactive sources and
isotopes, on radioactive waste disposal ground and utilization of radioactive
waste.

Simultaneously work was carried out for creation of TC material-technical
base including technical equipment of training classes, computer and CBT-
classes, creation of edit-printing base, providing the conditions for personnel
visits from other enterprises and institutions. At present we have the
possibilities for receiving and training the specialists as well from research
reactors of Russia as the specialists of other interested foreign institutions.

The unique pecularity of personnel training program at TC SSC RF RIAR
is using together the theory with practical acquaintance with job and very rich
practical experience of reactor facilities operation included to the largest in
Europe atomic centre.

Information about TC SSC RF RIAR one can find on Internet page
www.niiar. simbirsk. su.
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RA-8 Critical Facility: First Startup and Density Power Measurements

Eng. E. Gustavo Gennuso '
Eng. Carlos A. Lecot2

Eng. Daniel F. Hergenreder1

Argentina

RA-8 critical facility is used for validation of neutron calculus for PWR type
reactor, particularly CAREM , reactor in Argentine. The RA-8 allows configurations
with different enrichments, and different perturbations like water holes, burnable
poisons and control rod materials. Also it's possible change the upper and lower grid
in order to test another lattice configuration. The RA-8 facility has two-mode
operation: a) Control rod operation, b) moderator level operation

During 1997 was the first startup of the facility and by the end of 1998 begun
the first part of the experimental plan.

In this paper is presented, in first place, the reactivity measurements in the first
startup and its concordance with the safety criteria. The control rod operation was
utilized at the first startup and reactivity measurements were made for reactivity
excess and reactivity shutdown worth. These measurements are compared with the
calculus prediction in order to validate the codes for this purpose

In the second part is presented the power density measurements performed in a
regular and holes water perturbed configurations. Gamma scanning technique was
developed in order to obtain the power density and the first results were obtained so
from now it's applicable to another possible core configurations. An energy window
between 600 and 1000 kev. was determined as adequate for recording the gamma rays
coming from the irradiated control rod. Optimum irradiation, decay and measurements
times were determined and the decay constant for the energy window was measured
with a low error. Comparison between calculus and experiment in radial and axial
power distribution were performed

Centra Atomico Bariloche — Institute Balseiro
2Invap S. E. - Institute Balseiro
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Physics Dept., Nuclear and Technological Institute, E.N.10, 2686-953 Sacavem

Codex, Portugal

A Small Angle Neutron Scattering Instrument EPA equipped with a 25x25cm2

Position Sensitive Detector was designed and is currently being installed at the 4
inch in diameter transverse beam tube of the Portuguese 1 MW Swimming Pool

,13 - 2 - ] >Research Reactor RPI (max. <E>th=2xl0 "cm" s" ). The smaller diameter transverse
channel was chosen to improve the signal-to-noise there being no cold source in
the reactor core. Optimisation criteria applicable to SANS instruments were used
in the design of the EPA spectrometer subject to the specific constraints of space
and geometry of the reactor facility and of the detector, in an exercise to apply
previously obtained results to an actual facility in a modest flux reactor [1,2,3].
The general layout of the facility is shown in Fig.l. The source is a 2mm thick
75mm in diameter disk shaped volume of light water inserted in a circuit where the
water is in continuous flow. The disk source is placed in front of the reactor core
inside the transverse channel the disk axis being parallel to the channel axis.

Fig.l. General layout of the SANS instrument facility. 1 -neutron scatterer; la-ends of the water
circuit; 2-in-pile. collimator assembly; 3-beam shutter; 4-mechanical velocity selector; 5-out-of-
pile collimator; 6-sample chamber; 7-position sensitive detector; 8-shielding walls. DIDE is the
nearby 2-axis dijfractometer facility and ETV a time-of-flight diffractometer.

Design work was oriented so as to have a matched spectrometer capable of
accessing a 1 to 10 range of Q-values for each spectrometer setting with
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Qmins0.01A"' and using neutrons of wavelength in the interval 2-5 A. These
conditions led to setting the size of the data acquisition cells (which are clusters of
4 elementary detector cells) square-shaped with sides of 4mm, while the sample-
to-detector distance L is variable between 0,5m and 2m. Due to geometry and
detector area constraints the instrument was matched for L=2m but not for L=0.5m
considering that for low-Q measurements flux and signal-to-noise ratio conditions
are more stringent. The source-to-sample distance Lo was obtained from the
maximisation criterion of the ratio jt=Lo/L=Rns/CoAl where Rns is the radius of the
neutron source, Al is the side of the data acquisition cell and Co=(2/3)1/2 for scalar
Q measurements with a matched spectrometer [3]. The radius of the effective
source area is 17mm. i.e., about one half of the value that could be achieved with a
larger PSD detector. The angular resolution is 3.3mrad and the sample radius
2.7mm. The flight path to the sample is fixed and the total length of the instrument
is 12.5m.
A series of measurements inside the transverse reactor channel was carried out to
map the neutron flux along the tube axis as input to the design of the in-pile
mechanism used to move and adjust the position of the disk source with the light
water scatterer. For the core configuration in place at the time, the maximum
measured thermal neutron flux was 6.5x1012cm~2 s"' with a full width of about
16cm at 90% of the maximum.
It is expected that the instrument performance can be improved by introducing
multiple channel collimation. The use of a multiple channel collimator in a SANS
instrument has recently been studied [4] with results indicating that it may allow to
take advantage of the full source area available to EPA under the restriction of the
small effective area of the associated detector.
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The SURA facility has been devoted to the study of safety issues in Liquid Metal Fast Breeder
Reactor (LMFBR) since 1971, following about 10 years of research related to the safety of
experimental pool reactors. Since 1993, the early phase of Reactivity Initiated Accidents (RIA) in
Pressurized Water Reactors (PWR) has been also investigated. A new project to enhance the
knowledge on RIA accidents in PWR with more prototypical tests is now under way.

The SURA reactors :

The SURA building encompasses two experimental pool reactors named CABRI and SCARABEE.
The first one uses UO2 rodded fuel with 6% enrichment, while the second one is made of U-Al fuel
plates with 93%U enrichment. The maximum nominal power is 40MW for CABRI and 80 MW for
SCARABEE. In the center of both rector cores are located a test cell where a test device housing
some fuel can be loaded. The CABRI test cell size allows to test only a single fuel pin while the
SCARABEE one can house a bundle of 37 pins. Fuel pin length can reach 80cm. The tested fuel can
be heated-up by the driver-core up to the fuel melting or boiling, and is cooled in both reactors by a
Sodium flow. Also, the CABRI reactor is able to rapidly inject a high level of reactivity (4$ at a rate
of 100$/s, with a power pulse width of 10-80ms).

The LMFBR Programs:
The SCARABEE reactor was used to run programs dealing with cooling accidents in the bundle of
fresh fuel pins. Instantaneous flow blockages in the sub-assembly at full power were simulated to
investigate the melt progression, as well slow pump coast-down accidents. Also molten or boiling
pool tests were performed.
In the CABRI reactor, 3 programs (53 tests) aimed at studying the behavior of the LMFBR fuel under
reactivity accidents have been carrying out. Various type of fuel pin as well as fuel burn-up are
studied. Tests were simulating Hypothetical Core Disruptive Accidents (HCDA, due to Na-flow
disruption, Sodium boiling and leading to an increase of the core reactivity), as well as Control Rod
Withdrawal Accidents (CRWA). In the RAFT program, still under way, 6 CRWA and HCDA tests
are carried out with emphasis on the transition phase study (following the primary reactivity
excursion phase and which can lead to a secondary excursion).

The CABRI-REP-Na Program :

In this program, the early phase of RIA on PWR irradiated fuel rods is studied. Because this phase is
nearly adiabatic, it was possible to run the tests in a the Sodium flow. High burn-up fuel behavior are
investigated (up to 64GWd/tU). The behavior of MOX rods is compared with that of the UO2 rods.
The results are use to validate the SCANAIR code and for the licensing of the high burn-up fuel
management as well as the use of MOX fuel in the French PWRs.

The Water Loop Project and associated programs:

Despite agreeing on the interest and the quality of the CABRI REP-Na program results, the
international expert community asks for additional RIA tests on PWR fuel rods in more representative
conditions (pressure, temperature, fluid velocity in water channel) in order to study :
• the effect of the internal rod pressure on the fission gas dynamics and release,
• phenomena involved in Departure from the Nucleate Boiling (DND) and post-DND (possible

early DND are expected due to transient oxide spalling, as well as post-DND cladding failure),
• post-failure phenomena (fuel ejection, Fuel Coolant Interaction (FCI))
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Also the CABRI-REP-Na database will be enlarged with :
• very high fuel burn-up (as high as 80GWd/tU)
• additional MOX tests (with higher Pu-enrichment or burn-up).

A preliminary test matrix of a CABRI Water Loop program is now being discussed. The first two
tests will demonstrate that with similar tested rods and test conditions, the results in the Water Loop
are similar to those of the Na-Loop. Then, three tests will be devoted to the study of high burn-up fuel
rods, two tests to MOX fuel rods with high Pu-enrichment or high burn-up, three 'analytical' tests
with one parameter changed (power pulse width, cladding oxide thickness, spalled cladding, ...) for
modeling purposes. The last two tests will aim at evaluating the safety margin in the actual PWR.

To run such tests in CABRI, it is necessary to remove the Sodium test cell as well as the Na-Loop and
to build a new test cell with a Water Loop. The new Water Loop will be able to operate in conditions
similar to those of an actual PWR: 300°C, 15Mpa and a water speed of 5 /s in the test device. To
ensure the safety of the tests, margins have been taken in the loop design (FCI after fuel ejection is
taken into account). It is also foreseen to enhance the energy injection capability of the CABRI
reactor. At last, a new instrumentation able to run in PWR conditions during an RIA accident is under
development.

In April 1999, IPSN has launched the engineering studies for the Water Loop. It is expected to start
the Water Loop building by mid of 2000 and to run the first test in 2003.

It must be pointed out that a second program dealing with Design Basis Accidents with irradiated fuel
in the CABRI Water Loop is now being discussed and is also taken into account in the Water Loop
design.
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The operation of the Large Hadron Collider, LHC, at CERN will require the use of electronic
circuits in a weak field of fast neutron. It is expected that during ten years the circuits will
receive a fluence of the order of 5xl013 n.cm'2. It is also expected that neutron energy will be
of the order of the average energy of fission neutron spectrum.

The material irradiated included full circuits and components, all of them placed in
assembling boxes (79x79x20mm), with the circuits monitored continuously during the
irradiation.

As the materials to be irradiated occupy a significant volume, it was necessary to perform the
irradiation in the pool and locate the irradiation device in a position where some
modifications of the irradiation field could be introduced to approach the situation expected to
be found in the actual circumstances.

The irradiation device used is depicted in Figure 1.

^central plane of
the reactor
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The device consists mainly of a cylindrical Al container, which is lined internally by lmm of
Cd and surrounded by a Pb shield 2cm thick; it is used with its axis horizontal and
perpendicular to the reactor face.

As shown in the figure the device rests in the grid plate and has one end at about 9cm from
the core and the other at the edge of the grid plate. To prevent the sliding of the device in the
grid plate, the bottom part of its handling frame is provided with holes, through which the
pins used to fix the fuel can penetrate, thereby assuring that the device does not move and can
be located in a reproducible position. As the dimensions of the device are large, significant
changes in the radiation field occur inside it.

A preliminary experience, to determine the fission neutron fluxes in the boxes inside the
irradiation device, was necessary to decide upon the reactor power. The irradiation extended
for one week with the reactor operating in a two-shift per day basis, which represents =*60
hours of irradiation. The operating power of the reactor was determined from the condition
that in the 60 hours of irradiation the central circuit would receive a fluence of 5xl0l3n.cm"2 .

Fast flux distributions inside the device, derived from measurements with nickel detectors,
placed along the axis of the device, arc shown in Figure 2. The horizontal axis represents
distances from the boxes to the inner face of the device closest to the reactor core.
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The top line shows the results of the preliminary experiment used for the determination of the
reactor power and the bottom one the distribution in an actual irradiation. In the preliminary
experience the detectors were placed in the centre of 11 empty boxes, while in the actual case
only eight complete boxes were used and monitored.

The complete monitoring of the experiment, including the comparison between experimental
and calculated values will be described.
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Neutron activation analysis (NAA) using reactor neutrons plays an important role in
multielement analysis due to its sensitivity, selectivity, better precision and accuracy. Instrumental
Neutron Activation Analysis using single comparator method (k<> INAA method) [1-3] is a semi-
absolute method and is being used for obtaining elemental concentrations in a variety of matrices.
Instead of using a multielement standard, the ko NAA method makes use of a single standard. In our
studies, gold has been used as the comparator. This method needs input parameters like the factor
ko>eXp, f, the subcadmium to epicadmium neutron flux ratio, a (a parameter that represents the non-
ideal epithermal neutron distribution), Qo, the ratio of resonance integral to thermal neutron cross
section, efficiency of the detector (s) and peak area under the gamma line. The reactor based
parameters (f and a ) were predetermined using cadmium ratio method [3] for the irradiation
positions of the swimming pool APSARA reactor, BARC, MUMBAI. Standard Reference Materials,
USGS P-l, IAEA SL-3 and Soil-7 were used for the control of the method. This method has been
used for multielement analysis of samples like gemstones [3], ferromanganese encrustations [4],
sediments [5], soils and manganese nodules. The present paper highlights the determination of rare
earth elements (REEs) in samples like manganese nodules and sediments and standardisation of a
chemical neutron activation analysis (CNAA) method for determining rare earth elements in samples
that might contain uranium.

The data on REEs is used to explain the chemical fractionation process in geological
systems. The REE concentration profiles have been utilised to arrive at the cerium anomaly and
correlated with diverse geochemical processes [6]. NAA has been frequently used for determination
of REEs and considered to provide accurate results among the other analytical methods. It has been
observed that the REE concentrations and the corresponding elemental profiles are influenced by the
prevailing oxidising or reducing environment at the sample deposition site.

In each case, samples weighing 50-100 mg along with 5-15 jxg gold were irradiated in a
suitable position of the APSARA reactor. Samples were assayed for gamma activity of the activation
products using a 80cc HPGe detector coupled to a PC based 4K channel analyser. Peak areas under
the characteristic gamma lines are used to calculate the specific countrates [3]. Multi gamma-ray
standard 152Eu was used for both energy and efficiency calibration. The concentration of the ia
element (Q in ug/g) was calculated using the relation,

Q Gig /g) = (Ap;i / V ) . (l/ko;exp). [(f + Qo*(a))s* / (f + Qo(a)).s]

where, Ap;i = the specific count rate of ift nuclide normalised per gram of the sample and A^* = the
specific count rate per ug of the comparator. Other terms and the details of calculations are given
elsewhere [1-3].

REEs in manganese nodules.

Five samples of manganese nodules from different locations of Indian Ocean were analysed
by ko INAA method to understand the possible differences in the trace element distribution. On the
basis of the measured Mn/Fe ratios, the nodules have been classified into hydrogenous and
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diagenetic. Mostly, the minor elements were found enriched in the hydrogenous nodules compared to
the diagenetic one. Nine REEs (La, Ce, Nd, Sm, Eu, Tb, Ho, Yb,. Lu) have been determined. The
sum total of the REEs (XREE) in the hydrogenous nodules are more than that of diagenetic nodules.
This higher level of REEs are attributed to the slow growth rate of these deposits, thereby
establishing a condition favourable for co-precipitation or adsorption from sea water. They are
preferably carried by the ferric phosphate phase. The North American Shales Composite (NASC)
data [7] have been used for normalising the REE contents' of nodules. It has been observed that the
EREE of the nodules vary inversely with the Mn/Fe ratio. The nodules under investigations exhibit
positive cerium anomaly [8]. The positive Ce anomaly indicates the oxidising bottom environment at
the depositional sites.

REEs in Sediments.

The concentration of the REEs are determined using k<, INAA method in sediments from
Nainital Lake at different depths. We have determined eight REEs (La, Ce, Nd, Sm, Eu, Dy, Yb,
Lu). The REE data of NASC were used for normalising the REE values. Negative cerium anomaly
has been observed which indicates that there is a reducing environment at the sample deposition site.

CNAA for REE determination.

The REE concentration in many geological samples are at u,g/g (ppm) or sub ppm and their
determination by NAA is difficult because of the high Compton background and other spectral
interferences due to the activation products of other elements present in major levels. Apart from
this, the presence of uranium causes interference at 14OLa,141'143Ce and 147Nd activities due to fission
and at 1S3Sm due to the gamma spectral interference from ^ ^ p formed as an activation product of
238U. The correction becomes significant if the REE concentration is low. A preirradiation chemical
separation followed by neutron activation was developed for the determination of REEs. The
method was first standardised with radioactive tracers like 140La, 160Tb and ^ U to arrive at the
chemical yield and was applied to quartzite samples. Rare earths were coprecipitated with calcium
oxalate. Traces of uranium present were removed by anion exchange method. The resultant solution
was subjected to neutron activation. IAEA standard, Soil-7 was also processed along with the
samples to validate the method.
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Indigenous development of radiation detectors and associated electronic instrumentation
is being carried out in Electronics Division of the Bhabha Atomic Research Centre. In
this programme, neutron-sensitive detectors of various types as well as ion chambers for
gamma monitoring and tritium monitoring applications have been developed. Most of
these devices are meant for reactor instrumentation in the research and power reactors in
India. The irradiation facilities at the research reactors Apsarafc CIRUS, Dhruva and
FBTR have played an important role in the testing and calibration of neutron detectors
and instrumentation. In these facilities, some of the devices developed in-house for power
reactor applications have also been tested. Thermal neutron flux levels of the order of
10 nv and 10 nv are available at Apsara Thermal Column and core location respectively.
The ease with which the detectors can be installed and the flexibility in reactor operation
have helped in carrying out the tests.

Ion chambers coated with enriched boron-10 have been developed for Dhruva,
Kamini, Apsara and the FBTR. Current sensitivities ranging from lOfA/nv to 25fA/nv
have been achieved. By using explosion welded SS-Al clad material for the fabrication of
the end plates, it has been possible to weld ceramic-metal insulators to the aluminium
outer housing of these devices. In some cases, integral MI cable assembly has also been
provided. Boron-10 lined proportional counters with 3.5cps/nv and 17cps/nv have also
been developed on similar lines for start up instrumentation in FBTR and PFBR
respectively. The greater susceptibility of the high sensitivity counter to gamma
background has led to the development of multi-tube proportional counter with an
expected sensitivity of about 30cps/nv. '

Fission counters with U-233 coating have been .developed as an alternative to
standard fission counters. These devices could be tested extensively at Apsara reactor in
the pulse, DC as well as Campbell modes. Subsequently some counters were tested in the
E5 pit at the FBTR. The results have established that pulse counters with a sensitivity of
0.09cps/nv can be developed and used for start up instrumentation without encountering
significant problems due to alpha pile-up.

A number of tests have been carried out at Apsara reactor on LPRM detectors
developed for the power reactor at Tarapur. A comparison of the results in DC and
Campbell mode have established that the operational life of these detectors can be
increased from 2 to 6 years in Campbell operation. Self-powered detectors with rhodium,
vanadium, cobalt and platinum emitters have been developed and tested in Apsara core
location and CIRUS J rod annulus. Cobalt detectors have beery used for in-core flux
measurement and noise analysis in Dhruva reactor.

Platinum detectors respond to neutrons as well as gamma rays. To estimate
individual current contributions, its performance has been compared to that of a bismuth
SPD. The latter can be used as a pure in-core gamma detector. Both detectors were tested
at Apsara core position. The gamma field at 300kW in Apsara core has been estimated as
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2.56MR/h. Calculations have shown that about 48% of the signal from the platinum
detector is due to gamma rays.

Gamma ion chambers have been developed for monitoring the coolant activity at
Dhruva. By arranging 36 chambers in a special matrix of 4 groups, it has been possible to
detect and locate fuel failure in 144 channels. The chambers are filled with argon at 45psi
pressure and have a gamma sensitivity of 0.25nA/R/h.

Tritium poses a health hazard to workers in heavy water moderated reactors.
Flow-type ion chambers with 40Itr. and 21tr. sensitive volume have been developed for
continuous tritium-in-air monitor and portable monitor units respectively at Dhruva
reactor. These detectors have current sensitivity of 0.4pA/(MPC)a and 0.02pA/(MPC)a of
tritium respectively.
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In the early 70's, large research programs have been launched by CEA in order to support the
building of the French Pressurized Water Reactor (PWR). In this framework, the PHEBUS LOCA
program ['], devoted to the study of the fuel behavior during a PWR Loss of Coolant Accident
(LOCA) with the safety injection system available, has been decided as well as the building of a new
experimental reactor named PHEBUS.
The PHEBUS reactor, which is presently operated by the Institut de Protection et Surete Nucleaire
(IPSN), is a pool type reactor. The nuclear core is composed 1680 0.8m-long fuel rods ; the fuel used
is slightly enriched UO2 (2.78%). The core is designed to work at 45 MW. The core is cooled by a
flow of water (core circuit). The water of the core circuit is not cooled; therefore the cooling of the
core is limited by the temperature increase of the core circuit water in its storage tank. At nominal
power, the reactor is able to run during 20 to 30 minutes.
In the center of the PHEBUS core, there is a cavity where a vertical test cell was build. This test cell
was able to house a test device where a fuel bundle composed of 25 0.8m-long fuel rods can be
loaded. The test device is connected to a pressurized water loop which allows to reproduce the fuel
steady conditions (15.5 Mpa, 320°C, up to 47 kW/m) as well as LOCA transient conditions similar to
those expected in a PWR (Blowdown, Refill and Reflood phases) by opening 'blowdown' valves and
operating the safety injection system.
The LOCA program was funded by the Commissariat a l'Energie Atomique (CEA/IPSN). In its first
part, 20 scoping tests have been carried out in order to study and calibrate the water loop thermal-
hydraulics and to reproduce the temperature history of an actual PWR reactor, as conservatively
calculated for safety analyses. Then, between July 1982 and December 1984, 6 tests have been
performed, varying the stagnation point location (by the sequence of the blowdown valves opening)
as well as the burst temperature (by changing the initial internal pressure of the fuel rods). The
maximum temperature reached was 1300°C.
A new program funded by the CEA/IPSN, CSN2 (Spain) and JAERI3 (Japan) and called PHEBUS
Severe Fuel Damage (SFD) [4] , was conducted from December 1986 to June 1989 to study the fuel
behavior in beyond-design basis accident conditions.
The objective of this program was to improve our knowledge concerning the fuel degradation at high
temperature (from l200°C to 2500°C).
In order to carry out this program, some modifications to the PHEBUS lay-out have been performed:
the bottom of the test device, which can house a bundle of 21 fuel rods, was closed; the pressurized
water loop was used to cool the outer surface of the test device. An inlet injection system for
overheated pressurized steam, hydrogen and helium has been build. A condenser, valves and pumps
controlled the pressure in the test device (up to 3.5 Mpa). To flatten the axial power profile, a boron
neutron shied has been installed.
Research and development on high temperature thermocouples and small flow turbines has been
performed.
In the frame of the SFD program, 6 tests have been carried out in oxidizing or reducing atmosphere.
The maximum temperature reached was 2550°C. For the last test an SIC (Ag-In-Cd) control rod was
inserted in the middle of the bundle.

' J. DUCO, et al., 'In-Pile Investigations at the PHEBUS Facility of the Behavior pf PWR-Type Fuel Bundles in
Typical L.B. LOCA Transients Extended to and Beyond the Limits of ECCS Criteria', 5"1 ANS-ENS Meeting,
1984.
2CSN : Spanish Consejo de Seguridad Nuclear
3 JAERI: Japan Atomic Energy Research Institute
4 C. GONNIER, G. GEOFFROY, B. ADROGUER, 'PHEBUS Severe Fuel Damage Program - Main Results',
Portland, 1991
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The program currently under way in the PHEBUS reactor is the PHEBUS FP (Fission Product)
program [s]devoted to the study of the FP release from the fuel in degraded conditions (up to fuel
melting), the FP transport in the primary circuit as well as the FP behavior in the containment. This
program is funded and supported by the IPSN, EdF6, the European Commission, the USNRC7 (US),
COG8 (Canada), NUPEC9 and JAERI10 (Japan), KAERI" (South Korea), HSK12 and PSI13

(Switzerland). Irradiated fuel (23 to 33 GWd/tU) is used for these experiments. It is reirradiated in the
PHEBUS reactor in order to build short lived FP. This supposes that the PHEBUS reactor can operate
during few days at high power. To do so, a core water cooling system has been built with a cooling
tower able to extract 20MW. To extend the lifetime of the core, graphite reflectors have been added.
Also at the bottom of the test device, a valve has been added in order to direct the water flow both
inside and at the periphery of the test device during the irradiation phase and only at the periphery
during the experimental phase where steam and hydrogen are injected at the bottom of the
experimental bundle.
At last, an additional experimental building has been built next to the PHEBUS reactor in order to
house a primary circuit simulator as well as a containment simulator. During the experimental phase
the FP released by the fuel bundle are directed toward the experimental building through a horizontal
line heated at 700°C in order to limit the FP deposition.
Within the FP program, the first test has been performed with trace-irradiated fuel. The second test
was in oxidizing conditions with a bundle of irradiated fuel. The next test planned will be performed
with a debris bed instead of a fuel bundle. In this test the FP will be trapped in filters just above the
test section and not sent to the experimental FP building. Then 3 tests are foreseen in bundle
geometry 1) with a reducing atmosphere, 2) with a control rod made of B4C instead of Ag-In-Cd and
3) with air injection.
Further programs are now being discussed: they may concern Design Basis Accidents as well as
Severe Accident conditions.

5 P. Von Der HARDT, R. ZEHEN, B. CLEMENT, M. SCHWARZ, "The Severe Accident Research Programme
PHEBUS FP', NUTHOS-5, Beijing, 1997
6 EdF : Eiectricite de France
7 USNRC : United States Nuclear Regulatory Commission
8 COG : CANDU Owners' Group
9 NUPEC: Nuclear Power Engineering Corporation
10 JAERI : Japan Atomic Energy Research Institut
" KAERJ : Korea Atomic Energy Research Institut
12 HSK : Swiss Bundesamt fiir Energiewirtschaft, Hauptabteilung fur die Sicherheit der Kernanlagen
13 Energy Research Institut
13 PSI
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MATERIALS SCIENCE WITH REACTOR PRODUCED RADIOACTIVE ISOTOPES

R. Vianden ', K. Freitag ', J. Bartels', P. Friedsam1, K. Lorenz1,
J.G. Marques2 and J.C. Soares2

'institut fur Strahlen- und Kernphysik, University of Bonn, Bonn, Germany
2Centro de Fisica Nuclear, University of Lisbon, Lisbon, Portugal

To a large extent the properties of solids are influenced by the presence and the nature
of defects present in the crystal lattice. These have been studied intensively by well
established techniques measuring "macroscopic" properties like heat conductivity, electric
resistivity or mechanical constants. Moreover, optical and electron microscopic observations
of the surface also have contributed to the knowledge on defects in materials.

Over the last years, however, truly microscopic methods have begun to elucidate the
immediate lattice vicinity of single atoms in a variety of different materials, comprising
metals, intermetallic compounds, semiconductors, insulators and glasses. These methods
range from hyperfine interaction methods to Hall effect measurements on semiconductors
doped with radioactive impurities and generally utilise isotopes which are produced in
research reactors. As an example the investigation of the annealing behaviour of Hf impurities
implanted into the semiconductor GaN and the glass - crystal transition in ZrBaF will be
described.

The doping of the wide band-gap semiconductor GaN by implantation of rare earth
impurities like Er, for instance, yields excellent results concerning the photoluminescence of
Er at the 1.54 urn wavelength important for fibre optics applications III. However, the exact
nature of the incorporation of the metal impurity into the GaN lattice and the role of co-
implanted oxygen is still unclear. The perturbed angular correlation technique (PAC) is wei!
suited to give detailed information about the lattice environment of an implanted probe atom
species and its incorporation into the host lattice. Due to the lack of a suitable PAC probe

among the Er isotopes we
employed l8 lHf . Its
elemental properties are
reasonably similar to the
rare earth so that a
comparable behaviour can
be expected. The 18IHf
probe was produced by an
(n,y) reaction from natural
)80Hf and implanted into
epitaxial Wurtzite GaN
layers (1.3 um on
sapphire) with an energy
of 160 keV and a dose of
7x10!2 at/cm2.

Subsequently PAC
spectra were recorded
during an isochronal
annealing programme
between 300° and 1000°
C. The holding time was
either 60 min in a vacuum

0,15-

0.10-

0,05-

0,00

-0.05 -

-0.10
60

t [nsj

Figure 1: Time dependent anisotropy observed for 1BIHf in Wurtzite GaN
after implantation and annealing for 120 s at 1273 K.
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furnace or 120 s in an RTA set-up under flowing nitrogen. In both cases the GaN surface was
protected by a GaN proximity cap. Immediately after implantation the spectra show a damped
oscillation corresponding to a quadrupole interaction frequency (QIF) of VQ = 350 MHz for
30% of the probe nuclei. Annealing up to 600° C reduces the damping of this frequency
without an increase of the probe atom fraction in these sites. Above 600° C the quadrupole
interaction becomes rapidly better defined until after the 900° C RTA step more than 80% of
the Hf probes experience a well defined QIF (Fig, 1) due to the incorporation of Hf on
undisturbed sites of the hexagonal GaN Wurtzite lattice. An interaction frequency of VQ = 352
MHz is derived. To our knowledge this is the first time that a transition metal probe like Hf is
incorporated to such a large extent into a semiconductor lattice. Between 400° and 600° C an
additional, large QIF is observed, which can be attributed to the trapping of a defect in the
vicinity of a small fraction of the Hf probes.

Another example is a study of the glass - crystal transition of amorphous ZrBaF. Little
is known about the environment of atoms in amorphous solids and the possible existence of
crystalline precursors before x-ray diffraction methods detect crystalline order. Here due to
the presence of small amounts of Hf in the Zr component l8IHf could be employed for such
studies since it can directly be produced in the sample by neutron irradiation. A good control
of the temperature during the irradiation, as it is possible in research reactors, is crucial in this
case. The temperature development of the fractions of Hf probes in the different sites of the
solid during an isochronal annealing programme is shown in figure 2. It was found that the
irradiation did not lead to any ordered structures in the vicinity of the Hf probes and abelow

500 °C all probes are
subjected to a broad
distribution of electric
field gradients labelled
EFG-a (amorphous) in
fig. 2. However, around
550 °C the formation of
crystalline precursors
can be observed
(fraction EFG-p in fig.
2) whose EFG is
comparable to that
observed in (3-ZrF4.
Above 575 °C the
amorphous fraction
increases again, a
process sometimes

called reverse annealing.
At that temperature x-
ray diffraction shows
still a completely

amorphous spectrum. Finally the crystallisation sets in and more than 35% of the probes
experience crystalline EFG labelled EFG-c although x-ray diffraction detects only the onset of
crystalline structure.

/ ] / J.T. Torvik et al., J. Appl. Phys. 81 (1997) 6343

100-,

75-

5 254

0-

400 500 800 700

Annealing temperature ['CJ
800

Figure 2. Fractions of Hf probes in different environments versus annealing
Temperature. EFG-a corresponds to an amorphous environment, EFG-p to
the crystalline precursor and EFG-c to crystalline sites.
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Determination of Core Thermal Safety Limits for the ETRR-2

/. D. Abdel-Razik and S. E. B. El-Morshdy
Atomic Energy A uthority of Egypt

Safety of a research reactor emphasizes the fact that thermal rather than
neutron power is the more limiting term during the design and operation of a reactor.
Besides, the determination of the core thermal safety limits is a significant part of the
reactor safety system setpoint calculations. In general, the established design bases for
core are related to the safety criteria for fission product barrier integrity and,
consequently to prevent fuel clad damage and undesired release of radioactive
products into the environment. Therefore, the present work was performed in order to
determine the safety limits in both the natural and forced convection regimes for the
Egypt's second research reactor (ETRR-2). The ETRR-2 is a 22 MW (thermal) pool-
type multipurpose reactor with an open water surface and variable core arrangement
with MTR-fuel elements, cooled by light water, moderated by water and with
beryllium reflectors. Fuel elements are square shaped with an active length of 0.8 m.
Each fuel element is composed of 19 plates with a 19.7 % enriched uranium load and
aluminum cladding.

[— 80 1

B-B

I - * - I

U
Fig. 1. ETRR-2 fuel element (dimensions in mm).

Calculations have been made under the more restrictive conditions: 24 fuel
elements in the core, 9.29 meter height of water over the top of the core
(one meter below the normal level), clad temperature lower than the onset of nucleate
boiling, and inlet water temperatures of 45, 40, 30, and 25°C.

The most important core thermal limit for research reactors is the onset of
nucleate boiling. Therefore, CONVEC code [1] was run in the natural convection
regime for a maximum hot channel heat flux lower than the onset of nucleate boiling
heat flux using the fuel element geometric data shown in Fig. 1. The maximum reactor
power under the more restrictive conditions was calculated from the maximum hot
channel heat flux of CONVEC output. In the forced convection regime, TERMIC 1H
[2] code was run for a clad temperature lower than the onset of nucleate boiling
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temperature with statistical uncertainties treatment for different flow rates ranges
between 200 and 2000 m3/h. The maximum power and flow rate were calculated from
the corresponding maximum admissible heat flux and coolant velocity of TERMIC
1H output respectively. The results of the core thermal limits calculations for both the
natural and forced convection regimes were depicted in fig. 2 for a pool temperature
of 45, 40, 30, and 25°C. The range contained under the core thermal limits in Fig. 2
presents allowable reactor conditions which is the safe operating range. As long as the
reactor operating point remains inside the operating range, adequate heat transfer from
fuel cladding to coolant will be ensured. Table 1 summarizes the determined thermal
safety limits for each operation regime of the ETRR-2.

Not allowed
conditions.

Allowed
Conditions

20 -

with uncertainties, T, = 45 C

with uncertainties, T, = 40°C

with uncertainties, Tf = 30°C

with uncertainties, Tf = 25*C

''.A
4-'

Not allowed
conditions

Allowed
conditions

• /

30 35 40
Pool Temperature (°C)

(a) Natural convection regime

800 1200

Flow Rate (m3/h)

(b) Forced convection regime
Fig. 2. ETRR-2 safety limits under the more restrictive conditions.

Table 1. Thermal safety limits of the ETRR-2 operation regimes.
Operation regime

Regime (0)
Natural convection
No pumps

Regime (I)
Forced convection
One pump, 1000 m3/h

Regime (II)
Forced convection
Two pumps, 2000 m3/h

Maximum power [MW]
TP = 45°C

1.0812

18.785

35.49

Tp = 40°C

1.1554

19.715

37.35

TD = 30°C

1.3018

21.597

40.78

Tp = 25°C

1.3716

22.527

42.34

Where Tp is the pool temperature.
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Criticality Safety Calculations of WWR-S Bucharest Research Reactor Spent Fuel
Storage. Comparison of Deterministic and Monte Carlo Transport Methods
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National Institute for R & D of Physics and
Nuclear Engineering-Horia Hulubei, Bucharest, ROMANIA

Spent fuels generated from WWR-S Bucharest research reactor are
intermediately stored in one pool at reactor side and other four away-from reactor site
ponds. All those ponds are approximate identically built and have the capacities to
meet storage needs of the cumulative amount of spent fuel arising during the entire
reactor operation period (1957-1997).

Various methods available at NIPNE-HH Bucharest, for the spent fuel pond
criticality calculations are studied and compared in this paper.
The work was required by the Nuclear Regulatory Authority for the comparison with the
Russian design calculations for the WR-S spent fuel ponds as well as in order to
assure that the international standards are observed. Two different methods are
compared: Monte Carlo by CSAS-VI module IM of the SCALE-4.3 code system,
focused on KENO-VI code and respectively, deterministic transport approximation via
DORT-TORT III codes. A 44-group cross sections set is used as input of KENO-VI via
BONAMI and NITAWL codes of CSAS VI module.
The SN calculations were performed in X-Y geometry based on cross sections
generated using WIMS D/4 code /3/. The unit ceil calculation and homogenization was
performed using the original 69 group library of the WIMS code. Spent fuel isotopic
composition was calculated by ORIGEN-S code lAf using the dependent libraries
previously generated /5/ for the specific classes of WWR-S Bucharest reactor fuel
elements.

The spent fuel pond was approximated by regular array of storage cells with
center to center distance 15cm X 15cm. Storage cells consist of aluminum boxes of
cylindrical shape in which are inserted the fuel assemblies, surrounded by a cuboid
shape layer of water. The geometry of the storage cell is presented in Figure 1.

Fuel An infinite array in lateral and white
axial boundary conditions was used for
this approximation of calculations. The
geometry of the entire pool 250cm X
77cm X 500cm was used also for both
methods of calculation. This geometry
was used in calculations for both
WWR-S fuel assemblies types:

Fig. 1 Geometry of the spent fuel storage cell
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• EK-10 , fuel element type consisting in 4 X 4 fuel rods, containing UO2 and MgO at
enrichment of 10 % w/o U235,

• S36 type with only 15 fuel rods containing U-AI alloy at enrichment of 36% w/o U235.

The Ketf for fresh fuel composition estimated by KENOVI code are:

=0.5421 +/- 0.0033
S36 = 0.5882 +/- 0.0033

These values are used as references for other calculations presented in the paper.
The both two and three - dimensional deterministic approximation results are
conservative in the sense that the Keff are overestimated.
A criticality investigation for the pool storage spent fuel varying with the burn-up of fuel
was performed also for reference time moment the 31 th December 1998.
For the evolution of Keff with burn-up the pond was considered charged with identically
fuel assemblies. As representative fuel assemblies were used in calculation, those
ones with maximum burn-up: 51.8 MW/assembly for EK-10 fuel element and
respectively 71.37 MW/assembly for S36 fuel type.
The obtained results for various averaged burn-up values are tabulated in the paper.
The discrepancies between the two different methods are discussed and analyzed

It is concluded from this computational study that, from the point of view of the
criticality safety the storage pools offer a safe containment of the VWVR-S Bucharest
reactor spent fuel.
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DETERMINATION OF THE CONTROL ROD VATORTH FOR RESEARCH REACTOR.

Maritza Rodriguez Guai

Nuclear Technology Center (CTN), Nuclear Energy Agency (AEN), Havana, Cuba

The critical assembly iPEN/MB-01 is used for the study of the neutron characteristics of . fight water moderated
systems, it serves to the verification of the calculation methods of different types of fuel elements and PWR type
lattices as well as the worth of the control rods and the response to different reactivity insertions. /

Nowadays there is a big interest in developing neutronic analysis methods for research reactor and particularly for the
determination of the control rods worth under different operation conditions and core configurations.

For theses estudies several computer codes have been developed by other authors such as:

- NJOY/AMPX II - HAMMER-TECHN10N- CITATION [1]
- NJO Y/AMPX II - XSDRNPM - CITATION [1]
• BiPR 5AK[2]
- CASMO-HEX/UKNDL- HEXBU 3D [3]

AN1SN and HEXBU 3D [4]
- Monte Carlo code MCU and the nodal code BiPR 7 [4]

MAGDA 3CB - MO BY DICK [5]
- PYTHIA-Q [6]
•• TWOTRAN-tt discrete crdinates and KENO-EV Monte Carlo codes [7]

Our working group have done some work in the neutronic and the safety analysis of Research Reactors

The present work is aimed at the validation of the caicuiation methods of the Nuclear Technology Center of Cuba. For
this purpose, in order to evaluate the safety of this type of installations, the reactivity worth of the control rods of the
cylindrical configuration of the Brazilian critical assembly IPEN/MB-01 is determined. These calculations, however, are
a relatively complex task that requires the use of three-dimensional models. Because of this, the validation of the
caicuiation methods used for this purpose is of great importance.

The caicuiation methodology established in this paper is based on codes W1MS-D/4 [3] and SNAP-3D [9], which were
used to determine the effective cross sections and the effective multiplication factors, respectively.

The study was performed for a cylindrical configuration of the IPEN/MB-01 reactor core. The Ag-ln-Cd control group
(BC) and B4C safety group comprise 12 absorbent rods each, and their distribution is such that BS#1 and BC#1 groups
are located on the North part and BS#2 and BC#2 groups are located on the South part. Figures of the studied reactor
core configuration as well as the geometric details of the control rods are shown in the paper.

The spectral program WiMS-D/4 used the WHvtS-tJSI effective cross sections library £103, ° " a structure of 69 energy
groups. The mentioned library contains effective sections for absorbing materials such as Ag, In and Cd. In the case of
Indium the library includes only data on the ln-115 isotope. For that reason a correlation was made on the ln-115
nuclear density to have into accounts the" fn-113 isotope. The control rods were considered as biac'R cell, calculating
the effective extrapolation distance using the respective spectral calculation in a way that the flux-current relation on
tne- cell boundary would remain constant.

For the calculation of the integral characteristic of the rods the SNAP-3D code was used. It was simulated the insertion
of the rod and the K^ vaiue was determined for each position.

The work briefly exhibits the main approximations and calculation methods, emphasizing the selection of the physical
and geometric methods for the calculation of the effective selections and other parameters needed for the calculation
by few groups. This work comprises the resufts obtained and possible error sources.

In Table 1, our results and those obtained experimentally at tPEN/MB-01 [11] are compared.
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Table I - BC#1 Integral reactivity values.

% draw out
7.4
15.3
20.4

30.3
40.4
50.9
60.9
72.2
80.8
92.9
100

P calc

-39
65
201.12
588.7-7
1106.88

1717.6
2311.47
2928.06
3312.74
3658.29
3747

Pexp

41.33
139.81
244.31
559.92
1015.5

1572.19
2101.23
2620.33
2933.15
3217.13
3303.83

Zip (%)
-194.36244
-53.50833
-17.67835
5.15252
8.99852

9.24888
10.00556
11.74394
12.94137
13.71284
13.41382

Keff caic
0.99961
1.00065
1.00201
1.00592
1.01119

1.01747
1.02366
1.03016
1.03426

1.03797
1.03892

Keti exp )AKrel(%)
1.00041-
1.00140
1.00244
1.00563 -
1.01025

1.01597
1.02W6
1.02690
1.03021
1.03324
1.03416

-0.08029
-0.07485
-0.04327
0.02902
0.09240
0.14795
0.21521
0.31701
0.39259

[ 0.45791
0.46042

A K ^ p c m )
-80.3318
-74.9634
-43.3830

L 29.1.8427
-.9.3.35076
150.31443
219.83383
325.54260
404.45906

473.13304
476.15330

The obtained results are in agreement with the experimental values reported in [10]. The deviations obtained with our
methodology are less than 0.5%, which are in accordance to the generally accepted values that range from 5 to 7%.

As a result the calculation system formed by WiMS/D-4, SMAP-3D and the WIMS-US! library were validated for the
calculation of the absorber rods. The results show that the methodology of calculation describing the absorber cells by
the effective extrapolation distance gives the accuracy required for safety analyses. By other hand, we have the
possibility to prepare muftigroup cross section libraries for this application.
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A population radiation risk assessment was performed for a site
that is being evaluated for a class III research reactor. The site
meteorological data, population distribution, milk / beef cattle
density distributions and land use were utilized. The normalized
collective dose method was employed for calculating the dose
equivalent for six human organs of a selected individual from the
critical group living some 1500 m east of the site. We have estimated
the Effective Dose Equivalent (EDE) for the collective population
residing within 5 km radius circular zone around the site. A chronic
release of 131I at a rate of 925 MBq/y was assumed. Calculations were
performed using CAP88-PC ver. 2.0 with the rural EPA food source model
which best resembles the local inhabitants. It was estimated that for
a stack height of 50 m and an exit velocity of 15 m/s, the EDE for the
selected individual is 0.884 mSv/y. The EDE for the collective
population was estimated to be 8.32 Person-Sv/y. As for the cancer
risk, it was estimated that the total lifetime fatal cancer risk for
the selected individual is 6 10"8. The total collective population
fatal cancer risk is about 7.5 10"6 Deaths/y .

Ground level dispersion factors X/Q for I -131 (sec/m3)
Hs = 50 m, Ds = 1m, Vo = 15 m/sec
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FIG. 1 Ground level dispersion factors in 4 radial zones and 16 sectors.
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Australia is seeking a replacement for its 42-year old research reactor,
HIFAR. It is intended that a 20 MW pool type, multipurpose reactor will
replace the 10 MW DIDO class tank type reactor currently operated by the
Australian Nuclear Science and Technology Organisation (ANSTO) at Lucas
Heights, some 30 km south west of the centre of Sydney. As part of the
Application for a Site Licence, the Australian Radiation Protection and
Nuclear Safety Agency (ARPANSA) requires that, in the absence of a
detailed selected accident design, a 'Reference Accident' be defined and
evaluated to determine the suitability of the site. This paper describes how
the concept of a Reference Accident is used by the regulator, the process by
which the Reference Accident was determined by ANSTO, and how its
consequences were evaluated.

ARPANSA is the successor to the Australian Nuclear Safety Bureau and was
created in February 1999 by an Act of the Commonwealth Parliament. As
part of the evolving nuclear licensing process in Australia, ARPANSA requires
assurance at the time a Site Licence is sought for a proposed nuclear facility,
that the facility will not pose an unacceptable risk to the surrounding
population. To provide this assurance the following requirements must be
satisfactorily demonstrated by the Applicant:

• That emergency intervention would be feasible at any location around
the site, using the intervention levels recommended by national and
international bodies and adopted by ARPANSA,

• The maximum collective effective dose would be less than 200 person-
sievert, and

• The long-term use of any land surrounding the site would not be
disrupted due to radioactive contamination.

A primary assumption in the determination of the Reference Accident is that
the various barriers preventing or mitigating the release of fission products to
the environment are each 'degraded'. For the purpose of the Reference
Accident, this means that the barriers do not perform to their design basis but,
at the same time, they do not necessarily all fail entirely. The result is that the
fission product source term to the environment is considered bounding of all
credible events applicable to the detailed design.
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It is accepted that at the time a Site Licence is sought, that the specific design
of the proposed nuclear facility is unlikely to be known to any degree of detail.
Instead maximum use is made of the generic information pertaining to the
type of facility proposed. In the case of the replacement reactor, it is known
that the core will be situated in a pool of light water and that the pool structure
will be contained within a reactor building. The reactor building may form part
of either a containment system or a confinement system.

The generic list of research reactor initiating events described in the IAEA
research reactor publications was used as a basis for the determination of the
Reference Accident initiating event. To meet the intent of the ARPANSA
requirements the most severe possible accident scenarios for a pool reactor
of modern design were considered. A reactivity insertion event was chosen
as the initiating event as this resulted in rapid core damage together with a
reduced fission product retention capability in the pool water. Initiating events
leading to core damage in the longer term were dismissed on the basis that
actions would be possible to prevent gross core damage.

Following core damage and release of fission products from the fuel, the
building leak rate was considered degraded from a nominal design basis leak
rate. In addition, it was agreed with ARPANSA that termination of the normal
reactor building ventilation rate of 2 volume changes per hour should be
degraded leading to unfiltered venting for 2 minutes following release of
fission products to the environment. This release was assumed to occur
instantaneously with the initiating reactivity insertion.

The source term to the environment was determined taking into account
conservative estimates of the degree of core damage, the likely fractional
release of fission products from the fuel, the retentive capability of the pool
water and the retentive capability of the reactor building. A duration of 100
days was considered for the release. A review of the literature on fission
product behaviour under conditions similar to the Reference Accident
provided a set of limiting values for determining each stage of the fission
product release. The dose to the most exposed member of the public was
determined based on conservative weather conditions and exposure
scenarios existing for the duration of the release, using the PC-COSYMA
accident consequence code.

It was shown that the ARPANSA criteria for siting were met by a wide margin.
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Authors: M.Ciocanescu, M.Preda

Institute for Nuclear Research
Pitesti, Romania

Due to the international situation after 1990, at Romanian TRIGA - 14MW
Reactor was developed a LEU - HEU conversion to a mixed core.

Starting with 2006, after integral core conversion, this reactor will be
operated only with LEU fuel.

This paper intends to point out the program of the operation management
and maintenance of the reactor, in the frame of the technical and safety
limits, which correspond to the new LEU - HEU converted core.
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Safe Operation and Maintenance of a Research Reactor
S. Proongmuang

OFFICE OF ATOMIC ENERGY FOR PEACE, THAILAND

Office of atomic energy for peace (OAEP) was established by virtue of the Aotmic Energy for Peace

Act, A.D.1961, which carrie into force on April, 26 1961, The OAEP has been given duties to works in

compliance with the resolution of the Thai Energy Commission (Thai AEC) and under the authority of the

Ministry of Science, Technology and Environment . In accordance with is statutory functions. OAEP

responsibilities comprise three main aspects of activities, namely;

1) Regulatory roles pursuant to the Atomic Energy for Peace Act.

2) CO-ordination role for nuclear affairs and foreign relations.

3) Research and development in nuclear technology including the operation the national research

reactor

At present, OAEP consists of 10 divisions and a centre, as shown in the organization chart.

ORGANIZATION OF OAEP

THAI ATOMIC ENERGY COMMISSION MINISTRY OF SCIENCE TECHNOLOGY

AND ENVIRONMENT "

OFFICE OF ATOMIC ENERGY FOR PEACE

OFFICE OF THE SECRETARY

RADIATION MEASUREMENT DIVISION

ISOTOPE PRODUCTION DIVISION

ELECTRONIC INSTRUMENTATION DIVISION

PHYSICS DIVISION

NUCLEAR FACILITY REGULATORY CENTRE

HEALTH PHYSICS DIVISION

RADIOACTIVE WASTE MANAGEMENT DIVISION

REACTOR OPERATION DIVISION

BIOLOGICAL SCIENCE DIVISION

CHEMISTRY DIVISION
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THE Reactor Operation Division (ROD) is responsible for every unit of the Thai Research Reactor as can be

comprised of 4 sections in flow chart below.

r *!

Reactor Operation Division Responsible!

Reactor operation Section Maintenance Section

Reactor Operation Division

Technical and Planning Section Non-Destructive Testing Section

In 1961 the first Thai research reactor (TRR-1) was established at the Office of Atomic Energy fo

Peace (OAEP) , Bangkok. Design and install by Curtis Wright Corporation from USA., critical on Octobc

27, 1962 at 1 Mw. (thermal) total accumulate energy about 482 Mw.-day, and shutdown on June 30, 1975

Later General Atomics (GA) from USA as known in TRIGA took on duties for disassemble and replaced tb

core , control system to TRIGA Mark III, as new modification namely TRR-l/Ml. On November 7 , 1977 tb

TRR-l/Ml was critical with the fresh initial critical mass of 2,697.06 grams of U-235 which is equivalent t<

total of 67 elements of 8.5 wt.% LEU TRIGA fuel including 4 fuel follower control rods (FFCR) and

Transients rod. The fuel elements were loaded for core No.l since 1980 until now 1999 of core loading No.K

select operation in 3 modes as follow steady state, square wave and pulse mode, which steady state mode cai

be operate maximum capacity of 2 Mw.(thermal). Secondly, square wave mode of operation is pulsed mode

by step reacitvity insertions with the reactor initially at a power level less than 1 Kw. The maximum stcj

reactivity insertion allowable is at 2.1% 8 K/K ($3.00) which will produce a peack power of approximate!'

2,000 MW (thermal).
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The TRR-1/M1 has a TRIGA Mark III core with 121-position hexagonal grid plates, i.e. A-G rings.

It is designed for use with UZrH fuel water cooled and moderated. The core is positioned in a small pool at

approximately 6 meters below surface of water. Conductivity of water is kept below 2 |_un/cirf

The TRR-1/M1 has been operated for more than twelve years with the total released energy of 559

Mw-d. as of November 1989. There has been six core, configurations (core loading diagrams) arranged since

1977. The current core is seventh loading configuration or core loading No.7 It contains two types'of LEU

fuel totally 110 elements, 85-8.5 wt% and 25-20 wt% LEU fuel elements. Mast of new LEU 20 wr% fuel

elements are loaded in D-ring , some are in E-ring. Thera are eleven non-fueled positions, i.e. five wet tubes in

G5,G6,G32,G33 and C12 one pneumatic tube in G22. One central Thimble in A 1 , One transient control rod

in C4 and tree neutron in E-6, E-8 and E-19. Major irradiation facility designated Wet Isotope the core when

lazy susan in up position. The are six major groups of facilities four for neutron activiation analysis (NAA).

One for Isotope Production and radioisotope production.

Currently, the TRR-1/M1 is Operated for 40.8 MWD, on Monday for maintenance and Tuesday for

special Experiments, Wednesday Thursday operate at 14.4 MWD. and 12 MWD. for Friday Previously. The

average energy release about 1,100 MWD
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Yearly Maintenance of TRR I/Ml

1. Electrical System

Power Distribution Panels

- Cables

Transformers

Motors

Control Circiuts

2. Reactor Instrumentation and control System

Power Supplies

Control rod drive circuit

Safety Channel No. 1

- Safety Channel No.2

Fuel Temperature No. 1

Fuel Temperature No.2

Wide range linear power channel

Wide range log power channel

Period channel

Peak Power and Integal power channel

Interlock circuits

Scram Circuits

Radiation Area Monitor

Cooling System Instrument

3. Cooling System

Cooling Tower No. 1

Cooling Tower No.2

Plate Heat Exchanger

Shell and Tube Exchanger

Motors and Pumps
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4. Air Compressor and Ventilation System Control

Air Compressor

Compressed Air Distribution System

Ventilation Control System

- Filters

5. Irradiation Facilities

In-core Irradiation Facilities

Out-core Irradiation Facilities

Pneumatic Transfer System

6. Reactor Pool Purification System

Resin Tank

Pumps

Skimmer

7. Emergency Core Cooling System

Pressurized Vessel

Pumps

Control Circuit

8. Fuel and Reactor Experiments

Control Rod Inspection

Fuel Inspection

Control Rod Drive unit Inspection

Power Calibration

Control Rod Calibration

158



XA9952403
IAEA-SM-360/29P

SUPERVISORY AND MANAGERIAL ASPECTS
ON THE SAFE OPERATION OF THE

EGYPTIAN SECOND RESEARCH REACTOR

I. DAKHLY ABDELRAZEK and A. MOHAMED SHOKR
Atomic Energy Authority of Egypt

The Egyptian Second Research Reactor, ETRR-2, is owned and operated by the Atomic Energy
Authority of Egypt, AEA. The Chairman of AEA has the overall responsibility for the safety of
the reactor operation. A Technical Revision Committee, TRC, advises him on the safety of
reactor operation and associated experiments. Members of the TRC are experts on different areas
related to reactor operation and its associated experiments. They are from the AEA experts with
no direct relation with the reactor and its associated experiments operation. Some of them are
from outside the AEA. Among others, a monthly report on safety issues related to reactor
operation issued by the reactor manager is reviewed by the TRC and findings are reported to the
AEA Chairman. The ETRR-2 manager, who has the direct responsibility for the safety and
reactor utilization, has the necessary authority for the reactor safe operation and is advised on
safety by a Safety Committee. The committee consists of experts on reactor operation, reactor
physics, design, radiological protection, nuclear safety, material, instrumentation and control, and
reactor experiments. They study the reports concerning the day to day reactor operation,
proposals on new experiments, proposals on implementing new system or test, proposed changes
on operation limits and conditions, proposed changes on operating procedures, and reports to and
from the National Center for Nuclear safety and radiation control, NCNSRC. They report their
findings to the reactor manager. However, implementation of any of the above mentioned is
subject to the approval of the NCNSRC. Moreover, the reactor manager is encouraged to report to
the NCNSRC, with accordance to the reactor operation license, on the operation status,
documents on personnel training, radioactive sources and fissile material inventory, preventive
maintenance schedule and inspection plan, safety systems and components performance, records
on personnel dosimetry, environmental monitoring results and radioactive waste storage, and,
promptly, any deviation from normal operation. According to the NCNSRC regulations, only
licensed and authorized personnel conduct reactor operation. Reactor operating personnel
comprise the reactor manager, operation head, shift supervisors, operators, maintenance
personnel, radiological protection personnel, and system analysts. Radiological protection staff
has a direct access to the reactor top management. Only specifically licensed personnel conduct
operation of the high-pressure fuel test loops and proposed boron neutron capture therapy facility.
Minimum operating personnel at an operation shift is 5 persons (plus experimentalists): a shift
supervisor, two operators, a radiological protection officer, and a maintenance engineer. At any
time during the reactor operation at least two licensed operators are at the main control room. A
training program for each post covers areas of technology to the levels necessary for the tasks to
be performed is adopted. The program is revised and approved by NCNSRC. Training program
consists of five modules: reactor engineering, radiological protection, nuclear safety, regulatory
aspects and standards, and on the job training. Emphases are placed on systems having safety
significance and on the importance of maintaining the reactor within the operating limits and
conditions and consequences of the violation of these limits as well as the reactor diagnostics and
control manipulation. Annually retraining program of two weeks duration is planned to maintain
the personnel knowledge, skills and attitude. Emphases are placed on procedural changes,
feedback from operating experience gained in house and at similar facilities, assessing and
improving safety culture, improving team work capabilities and communication skills.
Reactor is operated according to approved operating procedures developed based on reactor
detailed engineering design documents, safety analysis report, and commissioning results.
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The reactor operating personnel, designers, and senior operators from similar reactor has
developed these procedures. The operating procedures cover the safety system settings, startup
and shutdown checklists, valves arrangement for reactor startup, reactor systems checking,
reactor start up and power rise operation, recording of operating data, supervision of reactor
systems during operation, experimental facilities operation, calibration of control plates,
neutronics design parameters verifications, fuel management strategy, and design goals
verification procedures.
Symptom oriented procedures guide the operator to respond safely in case of abnormality to
mitigate the accident consequence or, even, to prevent an accident occurrence are documented at
a Quick Reference of Emergency Manual. Reactor operators are kept well trained on those
procedures. Written radiological protection procedures are established to guarantee that all
activities that could mean exposition to radiation are planed, supervised and executed in the way
that ensure that the practices are justified, doses are limited, and radiation exposure is optimized.
These procedures cover personnel and areas monitoring, environmental monitoring, routine air
and cooling systems water monitoring, access and permanence at different reactor areas,
decontamination of personnel and areas, use of radioactive sources, recalibration procedures of
radiological protection equipment, and monitoring of radwaste and reactor effluents.
Intended safety function of every reactor component and system is ensured by an annual and
regular preventive and predictive maintenance program and inspection plan. Such activities are
carried out in accordance with proven procedures developed by the reactor maintenance
personnel in cooperation with the systems designers and based on the manufacturer
recommendations and consider the maintenance experience at similar reactors. Reactor manager
has the overall responsibility for all aspects of maintenance while the maintenance head has the
direct responsibility. Maintenance personnel are trained and kept well trained on the maintenance
procedures. Within maintenance personnel training program, emphases are placed on radiological
protection aspects and special radiological protection equipment used within maintenance
activities so that no reduce on taking care of any safety related component is allowed due to
radiation exposure possibility.
Documents that define the operating procedures, radiological protection procedures, maintenance
and inspection schedules and procedures, and other safety related documentation as well as the
associated historical records are subject to managerial control in accordance with Quality
Assurance program for operation and under NCNSRC inspections. QA group, under the control
of reactor manager and independent from other operating personnel, is in charge to ensure the
proper execution of the QA program for operation. Engineering and technical support for
operation is ensured through the AEA accumulated experience gained from more than 30 years of
ETRR-1 operation and by maintaining the relation with the designers and suppliers.

In conclusion, the supervision and management aspects enforced by AEA in the operation and
utilization of ETRR-2 meet the NCNSRC and IAEA requirements and recommendations for
safety of research reactor operation.

REFERENCES
1- IAEA, Code on Safety of Nuclear Research Reactor Operation. SS No 35- S2, Vienna 1992.
2- A. Mohamed Shokr, Training Program for ETRR-2 Operating Staff Personnel. Cairo, 1997.
3- AEA/INVAP, ETRR-2 Final Safety Analysis Report. 1997.
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RESEARCH REACTOR IR-100
(SOME ASPECTS OF USE AND SAFETY PROVISION)

Pavel Ponomarenko and Andrey Suchov
Sevastopol Institute ofNuclear Energy and Industry, Ukraine

Research reactor IR-100 is a water-cooled and water-moderated reactor with natural
coolant circulation with thermal output of 200 kWt and maximal thermal neutrons flow
density 5-1012 n/cm2/s, but with central neutrons trap - 1013 n/cm2/s.

The reactor is equipped with a number of experimental facilities:
three horizontal experimental channels of diameter 100 mm and thermal

neutron flow density 1,2-1012 n/cm2/s (pos.l, fig.l);
central experimental cannel of diameter 37 mm;
eight vertical experimental channels of diameter from 45 to 75 mm and

thermal neutron flow density (l-3)1012 n/cm2/s;
thermal graphite column with a recess inside of diameter 500 mm and located

in it an experimental plant of type Mol Z Z «IR-100» for investigation of neutron cross-
sections in the field of 750-800 kWv (pos.2, fig.1);

pneumatic mail (pos.3, fig. 1);
hot chamber of volume 5 m (pos.4, fig.l);
experimental recess 800x800 m2 in biological shielding which is adjacent to

the first layer of graphite reflector 200 mm thick and an experimental box which is rolled
into this recess. In the box nose thermal neutron flow density is 3,5-101! n/cm2/s, fast
neutron flow density in this point is 9-108 n/cm2/s (pos.5, fig.l).

All these experimental facilities were certified by neutron spectrum and
absolute thermal neutron flow density before 1992.

On reactor ?R-100 studies in radiation resistance of different materials, optical
facilities and electron semi-conductor systems have been widely carried out In 1990 nuclear
alloying of silicon by phosphorus was fulfilled (three parties were alloyed: two by 10 kg and
one by 200 kg). Cobalt and indium emission sources were made on the reactor.

At present theoretical works in obtaining technecium-99m from molibdenum-98 by
bombardment have been completed.

In addition, a gamma irradiation plant with dose capacity of 500 Gr/h and gamma
quanta energy of 660 keV which is used for experiments in plant-growing for obtaining
stimulation and genetic effects has been created in the reactor well storage for spent fuel.

Research reactor IR-100 is widely used in instruction process foe deeply studying
reactor physics, nuclear and radiation safety, nuclear physics and radiation chemistry.

In addition IR-100 complex comprises a critical assembly stand which allows to
reach a critical mass of water-cooled reactor by successive uploads with different fuel
element pitches located on the triangular grid and enriched of 10 and 36%. For students this
work is carried out up to Kef=0,98. For physicists of nuclear power plants the work may be
done according to the full program of physical start up. At present a full set of documents
corresponding to the legislation of Ukraine is being prepared for this.

Reactor 1R-100 is used to 30% of all its worktime capacity in academic process. Only
Department ofNuclear Reactors and Steam Generators conducts 27 laboratory works using
the reactor, the methods of them being described in «Laboratory Practicum in Nuclear
Reactors and Steam Generators Course», published in 1986.

Much is being done to work out methods and experimental tests directed at
engineering support of safe operation of IR-100. Diffusion-age reactor theory and different
trends of it are theoretical base of all these works.
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Fig.1

The view on the raain experimental

facilities of IR-100
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A number of our works has been used in «Technical Substantiation of IR-100
Safety». Investigations in maximal design emergency with a loss of water from the tank after
continuous ten days work at 100% power output and with a month theoretical observation of
temperature fuel elements regime may be referred to these works, too. In addition, complete
theoretical investigations of low-temperature reactors xenon-135 poisoning with
experimental verification of design regimes were conducted. Those investigations
demonstrated good coincidences of design and experimental data that permitted to prepare
poisoning tables used in the control desk documentation. Methods of non-destroying nuclear
materials monitoring and methods of timely detection of fuel elements shells weakening
have been worked out, too.

, Thus research reactor IR-100 is widely used in research work and in our
opinion the potential of its unique experimental facilities has not been realized up to the end,
as well as its possibilities in instruction process, in skills improvement of NPP physicists, in
metrology and reactor neutron fields spectrometry and its facilities.
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ENSURING THE SAFETY AND LICENSING OF AUSTRALIA'S
REPLACEMENT RESEARCH REACTOR

A Murray, M W Summerfield, A Willers, N R McDonald
Australian Nuclear Science and Technology Organisation, NSW, Australia

This paper addresses the objectives, criteria and methods adopted by the
Australian Nuclear Science and Technology Organisation (ANSTO) to ensure
safety in the design, construction, commissioning, operation and utilisation of
the proposed Replacement Research Reactor at the Lucas Heights Science
and Technology Centre in New South Wales (NSW), Australia. A description
is provided of how the safety objectives and criteria were developed and how
they are specified in the project requirements to Vendors. The relationship
between the development of these requirements and specifications and the
parallel development of a new nuclear regulatory authority in Australia is
described.

In September 1997, the Australian Commonwealth Government announced
that it would provide funding for ANSTO to replace its present research
reactor, the High Flux Australian Reactor (HIFAR), subject to the proposal
meeting all the relevant environmental and regulatory requirements. Th
decision was based on HIFAR being some 40 years old and requiring major
refurbishment if operated beyond 2005, combined with a continued need for
medical radiopharmaceuticals and neutron beams for research and
development in Australia. In addition, there was also a decision to maintain
Australia's expertise in nuclear science and technology in the national
interest.

The environmental assessment for the proposal took 18 months and the final
environmental recommendations and conditions were released by the
Commonwealth Minister for the Environment and Heritage on the 30th March
1999. These recommendation were based on a final Environmental Impact
Statement (EIS) that consisted of the following:

• A draft EIS that was open to public comment for a period of 12 weeks. It
attracted 935 responses from throughout Australia, including 97 from
Sutherland Shire Council, the local authority for the Lucas heights
Science and Technology Centre. It was also subject to peer review by a
number of Commonwealth, State and International organisations
including the IAEA.

• A supplementary EIS that responded to all the public and peer issues
raised during the comment period.

164



• A number of appendices containing a variety of supporting information
including details about the site characteristics.

Further steps currently in hand are acceptance of the recommendation by the
Minister for Industry, Science and Resources and consideration of the project
proposal by the Parliamentary Works Committee.

The paper describes how the EIS was developed on the basis of a generic
reference design for a pool-type research reactor. It also identifies how
commitments made in the EIS, together with the recommendations of the
Minister for the Environment and Heritage are being implemented into
requirements and specifications applicable to the Replacement Research
Reactor. It also briefly discusses the public feedback received and how this
feedback was also considered and input into the requirements and
specification for the Replacement Research Reactor.

In parallel with the preparation of the EIS and complementary to it, ANSTO
also prepared a number of safety submissions with respect to the
acceptability of the site for the regulator, the Australian Radiation Protection
and Nuclear Safety Agency (ARPANSA, formerly the Nuclear Safety Bureau).
This process is separate to the process of obtaining environmental approval
and forms part of the overall licensing and regulatory process for nuclear
installations under the control of a Commonwealth entity.

This paper discusses the licensing and regulatory regime applicable within
Australia for the Replacement Research Reactor project. In particular, it
explains how the requirements and specifications for the Replacement
Research Reactor reflect the safety assessment principles and design criteria
identified by ARPANSA in their various guidance documents. It will also
discuss the iterative approach arising as the Regulations, Safety Assessment
Principles and the supporting set of Regulatory Guides are finalised.

Finally, the paper outlines ANSTO's design brief for the Replacement Reactor
describing expectations on how the safety objectives, criteria and
requirements could be achieved.
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APPLICATION OF FUZZY SET THEORY FOR SAFETY CULTURE AND
QUALITY MANAGEMENT ASSESSMENT OF KARTINI
RESEARCH REACTOR()

SYARIP
Yogyakarta Nuclear Research Centre, JL Babarsari POB1008 Yogyakarta 55010,
Indonesia

Ulrica Hauptmanns
Department of Plant Design and Safety, Otto-Von-Guericke-UniversUy, Postfach 4120,
D-39016 Magdeburg, Germany •'•-••_

EXTENDED SYNOPSIS

A method for evaluating and assessing the safety culture and quality of safety management of
Kartini research reactor is presented The method is based on the data analysis i.e. the questionnaires
concerning areas of relevance which have to be answered with value statements. There are seven
statements or qualifiers in answering the questions. Since such statements are vague, they are
represented by triangular fuzzy numbers, and its operations are performed in a computer program.

The approach described in IAEA-Safety Series(1X (2) make uses of a questionnaire composed
of questions which require "Yes" or "No" as an answer. Hence, it is basically a check-list approach
which is quite common for safety assessments in industry(3)> ( 4 \ Such a procedure ignores the fact
that the expert answering the question usually has knowledge which goes far beyond a mere binary
answer. Additionally, many situations cannot readily be described in such restricted terms. Therefore,
it was developed a checklist consisting of questions which are formulated such that they require more
than a simple "yes" or "no" as an answer. This allows one to exploit the expert knowledge of the
analyst appropriately by asking him to qualify the degree of compliance of each of the topics
examined The qualifiers chosen are given in Table 1. There are seven of them, a number which
respects the psychological rule of thumb that seven plus/ minus two grades may be distinguished

Table 1: Qualifiers in answering questions

extremely poor
very poor
poor
average
good
very good
excellent

There may be some argument about the areas to be included in safety management Lees(6)

states that in the strict sense all the topics dealt with in his encompassing standard book might be
included The choice contained in Table 2 is inspired by a field study and covers the topics mentioned
in reference05 supplemented by several others(4>> (S)> ( 6 ) . It may have to be modified or extended
depend on the field conditions.

(*) Paper presented at the International Symposium on Research Reactor Utilization,
Safety and Management, 6—10 September 1999, Lisbon, Portugal.
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Table 2. The areas dealt with for assessing the quality of safety management (3)

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

Policy
Organization and personnel
Hazard identification and evaluation
Operational control
Management of change
Planning for emergencies
Monitoring performance and feedback
Standards and codes of practice
Safety communication

It is natural that not all the questions included in the above mentioned areas have the same
impact Some are more important than others. The same holds true for the areas themselves. In order
to cater for this fact, weights are introduced. They are reflected by the qualifiers given in Table 3.

Table 3: Qualifiers for characterizing the impact of different
questions and areas

very important
important
less important

To facilitate weighting care must be taken to make the composition of the areas as homogeneous as
possible. The questions are developed primarily based on a check list derived from ample industrial
experience w supplemented by the Appendix of IAEA Safety Series No. 75-INSAG-4 u> and IAEA-
TECDOC-860(2) . The questions are grouped according to related aspects or areas (c.f. Table 2). The
weights (c.f. Table 3) to any one of the questions and to the areas involved is assigned through the
discussions with a team of experts / safety analysts.

As the procedure outlined above involves values judgements, these are vague by their nature.
For example, what is classified as "good" may well contain an element of "average" and one of "very
good". This situation is adequately echoed by the theory fuzzy sets, which allows linguistic variable to
be represented in mathematical terms and operations to be performed on them. Hence triangular
fuzzy numbers were adopted to represent the linguistic terms mentioned in Table 1 and 3.
Mathematically they are described as follows(7):

=ma» 0,1
v
/ A= msod 0,1

m-x
a

x-rn

x<manda>0
(1)

x>mand J3>O

Equation (1) is a fuzzy number of LR-type, i.e. L(0) = R(0) = 1, and L denoting the left branch of the
function, and R describing its right branch, m is the mean value of the number, a being its left B its
right spread. The spreads reflect the vagueness of the linguistic statements. The parameter values
chosen to describe the qualifiers of Table 1 are given in Figure 2 and the weights of Table 3 are
described with the parameters given in Figure 3, where the shape of the functions are also shown.
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extremely poor <l,0,1.43>u1

very poor <2,1,1.43>LR

poor <3,1.43,1.43>LR

average <4,1.43,1 .43>LR

good <5,1.43,1.43>LR

very good <6,1.43,1.43>LR

excellent <7,1.43,0>LR

Figure 2. Representation of the qualifiers as fuzzy number

•less important <0.8,0.05,0.05>LR

•'important <0.9,0.05,0.05>LR

-very important <1.0,0.05,0.05>tR

0
0.7 0.8 0.9 1.0 1.1

Figure 3. Representation of the importance of questions of areas as fuzzy number

The assessment of the quality of safety management is performed in terms of a weighted average of
the areas and the answers to the questions contained therein. For area i and aveiage for the plant, we
then have respectively:

(2)and

(3)

In equation (2) \LMJ are the qualifiers for the individual questions (cf. Figure 1), gsy are weights as
defined in Figure 2, and Jj is the number of questions belonging to area i. In equation (3) ha are the
weights assigned to the different areas using the functions of Figure 2, and I is the number of areas
analyzed (cf. Table 2). The operations of addition, multiplication, and division needed for evaluating
equations (2) and (3) are fuzzy number operations, performed and implemented in a computer
program. The operations propagate the vagueness of the different answers through the calculations
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hence reflecting them in the final result. Triangular fuzzy numbers are then obtained which have to
be assign to one of the qualifier from Table 1. This process, called defuzzification, and performed by
calculating the Euclidean distance between the edges of the resulting triangle and the qualifier
triangles of Figure 2 and making the assignment to the qualifier such that this difference becomes
smallest. It should be noted that the mean values as well as the spreads, which characterize the
vagueness, influence the outcome of this operation.

The safety culture status of Kartini reactor is assessed by finding the answers to the questions
contained in the ASCOT Guidelines and to the question developed in this work for the status of the
quality of safety management and the data analysis is performed using the developed computer
program. In conducting this safety culture assessment the "assessment-team" of 2 to 3 expert
members is necessary. Some 100 questions from the areas used here were answered. The analysis
results shows that the Kartini reactor was globally rated as "Average". Slight flaws were identified in
the evaluation of the operator behavior in the implementation of "safety culture" concept is found as a
weakness. Table 5 gives some examples of the analysis results. The method presented has proved
useful in assessing the quality of safety management of the research reactor. The method is also
flexible and allows one to add questions to existing areas or to introduce new areas covering related
topics.

Table 5. Examples of the analysis results, areas, questions and their
qualification and rationale.

Area
(i)

(2)

(3)

(4)

(5)

(6)

Question
How do you judge the workers and
managers pay maximum attention
regularly?

How do you judge the cooperation
between the reactor operator and the work
committee to assure the plant operation ?
How is completeness and quality of safety
analyses for fee plant assessed ?
What is the quality and reliability of the
electric supply?
How do you judge the completeness and
updating of the documentation
What is the quality of training for
emergencies?

Rating
Good

Average

Good

Average

Average

Average

Rationale
There is daily annunciation at the end of office hour relating
to safety matter. Weekly meeting attended by managers to
evaluate safety condition, however not followed by similar
meeting at the reactor staff level
The reactor safety committee need to be more activated.
Several maintenance activities were delayed.

Several safety analyses were performed for the reactor itself
and for the experimental and reactor utilization.
The supply is provided by single grid, EPS and UPS are
available, failures have occurred.
Component modifications does not always followed by
updating of documentation
Emergency drill carried out once a year, but the
incompleteness were found. However the drill is evaluated
afterwards.
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THE IMPLICATIONS OF THE RESULTS OF THE HIFAR PROBABILISTIC
SAFETY ASSESSMENT

A Willers and RF Cameron

Australian Nuclear Science and Technology Organisation, NSW, Australia

The recent Level 1+ Probabilistic Safety Assessment carried out on the
Australian HIFAR research reactor determined that there were no
fundamental safety problems with the operation of the reactor. However, the
report made a number of recommendations in the area of refining existing
safety analysis and improvement of operating procedures. This paper
discusses the results of the PSA, details the recommendations together with
their bases, and reviews progress on the carrying out of the
recommendations. Particular attention is given to the issues raised by the
seismic analysis and the work that has been put in place to resolve the
identified issues.
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TRIGA Reactor Decay Tank Problem and Operation of the
Reactor Using Decay Tank By-pass Connection

K. Aliiiied, M. A. ZuUiiinniuLi!, M. M. Hii<iueimd M. A. Sulam
Bangladesh Atomic Krwigy Commission

The 3 MW TRIG A research reactor of Hnnglndcsh Atomic Knergy Commission

(BAKC) developed a leakage problem in its N-16 decay lank in July 1997. On

investigation the tank bottom was i'uutid to develop corrosion pilling, mninly because

of rainwater'that had seeped in and accumulated in the curvature of'lhe concrete decay

tank saddle. Defective saddle design, faulty routing of the decay lank venl pipe and

Haws in the design of the shielding wall in-between the • decay lank room and the

primary pump room, were identified lo be the main contributors to the problem.

The decay tank was isolated Horn the rest of the cooling loop and then removed and

subjected to thorough nondestructive testing. Tost results showed thai the corrosion

pitting had spread over a wide area that extended up to (he mid-level of the tank wall

and also included Ihe biil'lle plates. II was, therefore, decided to replace the decay tank

by a new one. It was liulher decided that while installing the new decay lank

measures would be taken so as to eliminate the flaws that had been existing with the

old decay tank.

In the mean time the decay lank has been removed from the system and open primary

loop has been made closed using a temporary by-pass line. With this by-pass line il

has been possible to make the reactor operational again at low power tinder natural

convection cooling mode. The reactor lias been opurnicd al dilVeiom power level tip lo 250

kW, A report lias been uiihmiltcd to the regulatory body based on (In; operational results lo

issue license to operate Hie reactor regularly in natural convection rnwle up lo a power level

of500kW.
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Improvement of JKR-4 core management code

H. Izumo, S. Watanabe, H. Nagatomi
OKR-4 operation division in JAEKI, Japan

N.Hori
loaning: to Japan Science and Technology Agency, Japan

In the modification at JKR-4, the fuel was changed from 93% high enrichment
uranium alumixuzed fuel (HEU) to 20% low enriched uranium silicide fuel (LEU) in.
conformity with the framework of reduced enrichment on research reactor program.
Along with this change, JER-4 core management code system had been improved.
Core management works in JRR-4 had been carried out being based on SRAC

(JAEBI Thermal Reactor Standard Code System for Reactor Design and Analysis)
code[l]. However, the editing works was so complicated that operator had to have
perfect skill to carry out this code system.

Recently, the computer has developed remarkably, and ite use has showed a tendency
toward personal type. And calculation speed and reliability of the computer are
progressing from year to year. Also, it is tend to reduce the computer user's burden
that the environment of much application, software changes from the Command form
to the Windows form.
By reason of like this background, eTRR-4 core management code system had been
improved. The new system (COMMAS-JRR [COre Management and Material
Accounting System for Jaeri Research Reactor]) lightly perform fuel and material
management, forecast the fuel loading arrangement. It is the strong point of this
system to carry out this management on a workstation (WS) computer equip with the
graphical-user-mterfaee (GUI) without botib. using the JAERI computer system and
difficulty input. As a result, this core management became very easy to understand
and carry out.

This new code system consist of subsystems is described in the pages that follow.
l)Making the Macroscopic Cross Section

This subsystem makes macroscopic cross section of the elements in the core from
the neutron cross section libraries JENDL-3.2.

2)Core burn-up calculation management
This subsystem records calculation results the neutron flux and the power
distribution, number density in the core, each of the burn-up steps. In this
subsystem, it is necessary to input the core elements and division number for
calculation, operation days, and reactor power, control rods position, etc. The
calculation results are outputted as map of JBR-4 core burn-up is shown in Fig.l.
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Fig.l Picture of core burn-up jnsp

3)The core reactivity management
It is possible to indicate the cyde number and critical rod position, excess reactivity
as a graph and table

4)The material accounting management
la this subsystem, the fuel delivery and loading works are registered. It is possible
to get much information concerning fuel history and nuclear material.

6)The core neutron flux management
Neutron flux is outputted by
input the mesh point of any
position in the core. Three
dimensional neutron flux in
the core is shown in Fig.2.

6)The core power management
The power density distribution
in the core is also outputted. *

7)The fuel loading forecast system
If COMMAS-JEB is started up
as forecast mode, it is possible to
estimate the information of the
fuel loading for future.

Fig.2 Three dimensional neutron flux (thermal neutron)
As all these subsystems prepare GUI, operators are able to carry out the core
management works visually. Also, it is easy to control many files by using the window
form. COMMAS-JRR will be more good system by upgrading in the future.

REFERENCES
[ljKTsuehiiiasbi et al., "Revised SRAC Code System ",JAERI 1302(1986)
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REMOTE IN-SERVICE INSPECTION OF A TANK-TYPE RESEARCH REACTOR

R P HARRISON, D J BATTLE and N R McDONALD

Australian Nuclear Science and Technology Organisation (ANSTO), Lucas Heights, Sydney,
Australia

HIFAR is a heavy water moderated and cooled tank type reactor which has been operating
safely for more than 41 years. It was built as a duplicate of the DIDO reactor at Harwell, UK;
two others of the six DIDO class reactors constructed, DR-3 in Denmark and FRJ-2 in
Germany, are still in service. The reactor aluminium tank (RAT) is a cylindrical vessel of 2 m
diameter and 3.3 m in height with 12.7 mm thick walls and a 15.9 mm thick domed-end lower
head. It operates at a temperature of 50°C and at D2O pressures of up to 76 kPa. The RAT is the
primary containment vessel of the HIFAR reactor core and contains coolant pipes, blank ended
re-entrant tubes for experimental rigs and neutron collimators, a header plate to support fuel
elements and removable vertical facility liners.

When the RAT was designed, welded aluminium structures of its size, complexity and safety
significance were still novel. The designers foresaw corrosion as being the life-limiting
mechanism with a possible limit of 15 years on the RAT before it would have to be replaced.
Periodic visual inspection since 1968 and examination of corrosion coupons after 20 years
exposure has shown that, in fact, internal corrosion has been very limited and is not life-
limiting. Externally, the tank has been subjected to a dry helium atmosphere throughout its life.
The very conservative mechanical design renders failure of the RAT improbable but the
possibility of a leak or of accidental mechanical damage cannot be completely excluded. In this
regard a program of in-service inspection techniques additional to the visual surveys, was
planned and implemented for the 1995 major shut-down.

The visual surveys have shown that the interior of the vessel is in good condition, however, they
did not provide any direct evidence of the condition of the external surfaces of the RAT. An
expanded in-service inspection program was undertaken for the first time in 1995 involving a
range of remotely applied non-destructive examination procedures designed to provide a more
complete picture of the condition of the RAT and its associated components. The techniques
included: ultrasonics (for weld inspection and wall and downcomer thickness measurement),
improved visual techniques (for the assessment of surface condition), hardness measurement (to
determine mechanical property changes due to irradiation) and replication (for determining the
form of features detected during the visual survey).

The plans for this inspection programme were outlined by Harrison et al (1995) prior to its
application. This paper will detail the techniques used in the last major shutdown, the results of
the inspections and the modifications/enhancements to the techniques planned for the next
major shut-down of HIFAR, which will be undertaken in February 2000.

Reference: Harrison, R P, N R McDonald, and C J Moss "Evaluation of irradiation damage and
structural integrity assessment of the HIFAR reactor aluminium tank" Proceedings
of the International Topical Seminar in Management of Ageing of Research
Reactors, Geesthacht, 8-12 May 1995, p369
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Management and Utilization of Research Reactors in Pakistan

J. Bashir, Masaod Iqbai Manzur Hussain and IJamced A. Khan

Pakistan Institute of"Nuclear Science & Technology, P.O. Nilore, Islamabad, Pakistan

' Pakistan Institute of Nuclear Science and Technology (PINSTECH) is a multidisciplinary
Research centre under Pakistan Atomic Energy Commission (PARC). Being a nuclear centre, the
main research facilities are two research reactors: Pakistan Research Reactor (PARR-1) and
PARR-2. PARR-1 is a swimming pool MTR type research reactor which attained full power of
5MW in June 1966 with 93% Highly Enriched Uranium (HEU) being used as fuel and
moderated and cooled by light water. A graphite thermal column at one side of the core served as
the reflector. There are a total number of six radial beam tubes, a tangential through tube, a
graphite thermal column, tiiree pneumatic rabbit stations, a hot cell, a dry gamma cell and a bulk
irradiation area. PARR-2. a Miniature Neutron Source Reactor (JMNSR) is a 27kw tank-in-pool
lype research reactor with a highly enriched uranium fuel (U-Al alloy. 90% Z"5U) decorated with
a number of pneumatic tubes.

Over the years, the PARR-1 has faithfully served the Commission and was mainly used for the
production of radioisotopes, solid stale physics using neutron scattering technique (lattice
dynamics of mixed halides and copper nickel alloys, crystal structure of Cellulose, phase
transitions in iron based alloys and super-ionic conductors, texture in copper and aluminium)
neutron activation analysis (trace element analysis in biological, geological, environmental and
high purity materials), nuclear structure, neutron radiography and training of scientists,
engineers, and technicians. Major applications of PARR-2 have been neutron activation analysis
and training of manpower.

The old instrumentation and controls of the PARR-1 which were based on vacuum tubes were a
continuous source of scrams with the result that the utilization of the reactor was becoming
inefficient. In order to overcome these problems, twenty-year-old instrumentation and controls of
PARR-1 based on the vacuum tube circuitry was redesigned and replaced with solid state
electronics due to the number of the unscheduled scrams. With new console, PARR-1 became
critical in Feb. 1986. With new solid-state based controls of the PARR-1 and with the installation
of additional instrumentation due to power upgradalion,the frequency of unscheduled shutdown
of" PARR-1 was reduced from a maximum of 30% with the old system to less than 2% with the
new system.

PARR-1 was operated at 5MW power until 1990. At that stage the non-availability of HEU fuel
due to nuclear proliferation curtailed the reactor operation. Secondly, Due to the ceramic tile
work the visibility of the pool became poorer day by day. Also the seepage of water from reactor
poo! and release of dust and inside the pool were constant problems, hi order to overcome these
problems, it was decided to launch a project aiming at the complete renovation of She reactor.
The main objectives were i) conversion from HEU to .Low Enriched Uranium (LEU) fuel, ii)
Power upgradation from 5MW to 10 MW; iii)Steel lining of the reactor poo! and hold up tanks.
During this process many modifications were also made fo modernize the reactor. For this
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purpose a) Core neutronic, thermal hydraulic and accident analysis were carried out in detail for
the designing of new Low linriched Uranium (I.KU) i'uel; b) Due to power upgradation
emergency core cooling system was also installed (KCCS): c) An irradiated storage bay was
constructed; d) Active fuel transfer cask was made; e) The final safety analysis report was
prepared [1-3]. With I,BU fuel the first critically was achieved in Oct. 1991 and attained full
power of 9Mw May 1992. Since then the reactor is operating satisfactorily.

The bulk of radioactive waste at P1NSTKCH comes from the operation of PARR-1, PARR-2 and
radioisotopc production facilities and is dependent upon the frequency, duration of operation and
specilic needs arid is mostly low in specific activity. Regeneration of the reactor ion-exchange
resin and operation of radioisotope production facility also generates small volumes of medium
level liquid and soiid radioactive waste. Approx. 2000 m' oflow level and 100 litres of medium
level liquid waste are managed annually. Shallow ground disposal is the prime practice
prevailing at P1NSTECI1. The disposal area for this purpose was selected in 1967 and is still in
use. The area has favourable characteristics and ion-exchange properties. Dry climate and high
evaporation rate (approx. 2 m'y ' .m' 2 ) also support shallow ground disposal. A pilot scale batch-
wise chemicai treatment facility is in the process of development to remove certain radionuclides
like Ag and Sb from liquid waste prior to final disposal.

The very high cosls of running a reactor make the neutron economy a vital problem. The
operational costs of the reactor are being reduced by the implementation of effective and careful
planning. In this context, the old counting system of the neutron spectrometer has been replaced
by a new multi-counter system consisting of eight counting channels and more can be added as
and when available. Each counting channel consists of a lie detector and Seller collimator of 10'
divergences, and prc-ampliikrs and amplifiers. The design of the assembly is such that it can be
easily removed and replaced with the analyzer crystal and a single detector, so that the
diffractometcr can be used for inelastic neuron scattering experiments. At the same time, New
strategies arc implemented for effective radioisotope production. As a part of this strategy.
facilities for the treatment and production of radioisotopes have also being upgraded and
modernized. A flux trap has also been designed and developed making it possible to handle large
quantities of TcO. Due to careful planning the reactor operation time has been reduced from 72
hours to 24 hours without effecting the amount of radioisotopes being produced,

In order to utilize all the beam tubes, it is planned to install a Small Angle Neutron Spectrometer,
Neutron Tomography (neutron €T) facility and silicon transmutation doping.

REFERENCES

[1] N.M. Butt and S. A. Ansari "Core Conversion and Power Upgrade of Pakistan Research
Reactor-1". J. Neutron Research, 2, 143(1994).

[2} S.A. Ansari, Masood Iqbal, Liaqat Ali & N.M Butt, "Critical and Power Experiments on
the Low-Enriched Uranium Core of the Upgraded Pakistan Research Reactor-1", Nuclear
Technology, 108, 13(1994).

[3] L. A. Khan ct al, "Pakistan Research Reactor-1. Final Safety Analysis Report for
Conversion to LHU Fuel and Power Upgradation".

176



XA9952412
IAEA-SM-360/39P

THE FIRST RESULTS OF THE RESEARCH REACTOR MR
DECOMMISSIONING

E. P. RYAZANTSEV, A. V. BOURKOV, P. M. EGORENKOV, V. I. KOLYADIN,
V. I. PAVLENKO
Reactor Technology and Materials Research Institute (RRC "KI"), Moscow,
Russian Federation

The research reactor MR was shut down definitively in 1993 after 30 years of
intensive operation. The MR reactor decommissioning is fulfilled since 1996. Now it
is on stage 1 of decommissioning - storage with surveillance.

The MR reactor is a multiple loop research reactor. It is channel type reactor
immersed in pool with water (figure I) [1]. The rated reactor power (with loop
facilities) was 50 MW.

At the MR reactor the wide program of testing of fuel elements, fuel and
structural materials was carried out. For creating and keeping up of corresponding
conditions of this testings (pressure, temperature and flow rate of coolant) the MR was
equipped with nine loop facilities (Table 1). Some of the MR channels were used to
produce radionuclides, applied in medicine and in the industry.

-} *,, . ^

Fig. 1. Vertical section of the MR reactor:

1 - core and reflector vessel; 2 - beryllium and graphite blocks; 3 - fuel channel with
fixed fuel assembly (FA); 4 - fuel channel with mobile FA; 5 - support plate of fuel
and loop channel guiding cups; 6 - collectors of FA cooling circuit; 7 - direct-flow U-
shaped loop channel; 8 - channel of ionization chamber; 9 - mobile bridge with drives
of control and protection system (CPS) rods and mobile FA; 10 - pipelines of
beryllium and graphite blocks cooling circuit; 11 - channel with CPS rod.
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Table 1.

Basic parameters of the MR reactor loop facilities.

Loop
facility

nBU,- 1

IIBIJ-2
I1BK
riBy
mo
nB

noB
nBM

nr

Coolant

Water- steam
water

mixture
#

#
#

Water
#
#
#

Helium

Heat
Power,

kW

3.000

300

300
300

2000
3000
1000
2000
100

Coolant
flow rate,

t/h

30

30
150
30
100
30
30
10
7

Coolant
pressure
,MPa

10,0

10
20,0
20,0
20,0
20,0
10,0
20,0
10

Peek
tempera-
ture of
coolant,

°C
310

310

330
330
330
330
310
330
950

Maximum
number of
loop chan-

nels in
loop

7

2
6
4
5
2
2
1
1

In the accordance with the decommissioning program of the MR. reactor the
complex of works was carried out [2]. All fuel and loop channels were unloaded from
the reactor after necessary endurance on time, that guarantees its nuclear safety. The
reactor fuel assemblies and experimental FA from loop channels were placed in dry
storage.

The engineering and radiation inspections of the reactor, its technological
rooms, loop facilities and systems were carried out. In particular, a dose rate of
gamma radiation on different levels in the reactor pool (including core and reflector
vessel with beryllium and graphite blocks) was measured. Isotope composition of
sediment on interior surfaces of equipment and pipelines was determined. 60
technological rooms and 500 units of equipment were inspected. Measurements were
carried out in 1500 points.

All experimental information is brought in the databank, created on the personal
computer. The calculated programs of a databank of dose fields and prediction of
radiation circumstances in time were created.

The program of a spent FA removal on for radiochemical processing was
prepared.

The works on development of technological process and equipment for
dismantling of loop facilities and reactor structures of decontamination technology and
on research of selective modes of removal of radionuclides ets.
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Some aspects of the fuel management in
the Portuguese Research Reactor (RPI)
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The Portuguese Research Reactor (RPI) operated with LEU until the end of 1987 when
a major refurbishment was initiated. After completion of this work the reactor was restarted in
January 1990 with a new core of fully enriched uranium1 and partially reflected by beryllium.

At present all the 20% enriched fuel is irradiated and stored in two aluminium racks, with
twenty positions each, located in the North-West corner of the larger section of the pool. This fuel
which is expected to be returned to the US under the RERTR programme was visually inspected
for corrosion and sipped for the determination of the fission product leakage rate. Of the 39 fuel
assemblies existing, and all sipped, 4 have shown the presence of Cs-137 in the water with a
maximum leakage rate of 177±18 Bq.h"1.

To collect the water samples the fuel elements were placed inside a specially designed
system where they could be washed and left resting for the desired sipping time. The water
samples were analysed with a high resolution gamma spectrometry system and the spectra were
treated with a commercial program (SAMPO 90). In various instances the program would not
identify the Cs-137 photopeak and therefore a manual treatment was done to check both the
results of the commercial program and the cases where the photopeak had not been identified. A
full description of the methodology used to collect and analyse the samples will be presented.

The visual inspection of the fuel confirmed that it is in reasonably good condition. A great
contribution to this situation can be attributed to the purity of the water and to the fact that the
fuel elements were always stored in aluminium racks. To keep the water quality the purification
system runs permanently which means that 20% of the total amount of water in the pool runs daily
through the system. This plus some pH adjustments here and there have permanently maintained
the pH and the specific resistance of the water round of respectively 6.5 and 2 (MQ cm"1).

The RPI still uses fully enriched uranium of which there is yet sufficient amount to keep
the reactor running until 2006 with the present operating schedule. It is foreseen that the
conversion to LEU, under the RERTR programme, will be coupled with an increase in power to
a level to be specified but that most likely will not exceed 5 MW.

!The conversion to EEU was planned in the early seventies in consequence to the
american offer of such fuel which did show significant advantages to the situation then in
existence.
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ABSTRACT

A mathematical Model describing the behavior of fission products

from the instance of release from nuclear fuel through the different

component of reactor installation is developed in the present work. This

Model allows the determination of radioactive wastes resulting from

reactor operation. The model is applied for the case of ET-RR-1. The

model allows also the determination of the concentration of fission

product in the different point of the reactor installation.

Key Words: Source term/Fission Product

Transport/Waste Production.
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MANAGEMENT OF AGEING OF RESEARCH REACTORS
IN THE 'VINCA' INSTITUTE
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EXTENDED SYNOPSIS

Research nuclear reactors in the 'Vinca' Institute (former 'Boris Kidric') are built
relatively early, in late fifties, and were among the first ones in this (southeast) part of the
Europe.

Nuclear research reactor RB in the Nuclear Engineering Laboratory 'NET' in the
Institute of nuclear sciences 'Vinca' is the first reactor system built in Yugoslavia, forty years
ago, in April 1958. Designed by Yugoslav scientists, as a zero power heavy water - natural
uranium critical assembly, the reactor is later modified to operate with 2% enriched metal
uranium (1962) and 80% enriched UO2 fuel (1976) of Soviet design. During years of
operation, the reactor has survived a series of modifications trying to follow contemporary
nuclear research reactors trends, modern safety operation demands and overcoming ageing
problems. In this paper, modifications in past years are emphasized, experiences gained, and
plans for future are presented. Main changes of the RB reactor in the last 15 years were
devoted to realization of the fast neutron fields and coupled fast-thermal systems. A recently
designed coupled fast-thermal core HERBE (1990) is aimed for verification of new design-
oriented computer codes, developed at the NET Laboratory. Another field of the reactor
current application is increasing interest for compilation and systematisation of evaluated
benchmark experiments in critical safety.

Detailed records of the RB reactor operation, covering the last 36 years, show that
the reactor has reached critical level almost 4000 times, and the core of the reactor was
changed near 600 times up to the end of 1998.

Other Vinca's reactor, a 6.5 MW heavy-water research reactor RA is completely
designed by Soviet scientists and was bought as 'turn-in-key'. It was built in 'Vinca'
Institute, from 1956 by Yugoslav and Soviets. The first criticality was reached in December
1959 and followed, almost immediately after shot period of testing, by full power operation.
Since that, the RA reactor was operated, except two gaps, continuously 20 days/month at full
power and 10 days/month at low power or stopped for fuel exchanging. These two cases of
cessation in the RA operation were consequences of contamination of primary coolant system
with Co (1963) and enrichment in D2O in heavy water (1970). Until 1979, the reactor was
successfully operated following all demands of 'neutron users'. Its ageing was evidenced in
inconsistency of operation rules and safety reports with new recommendations and laws,

181



insufficiently high intensity of neutron flux and partially fails in instrumentation or other
reactor systems. These fails are fixed as soon as it was possible. Intensity of neutron flux
was upgraded by (1) applying new in-core fuel management scheme (1974) and (2)
introducing new 80% enriched fuel (1976).

In 1979 problems in reactor operation began when certain deposits on cladding of
high-enriched fuel were detected, during the RA operation with mixed 2%-80% core, and
the reactor was stopped. In 1981 a new ion-exchanging column is added in the primary
coolant system before the RA reactor started operation again with clear 80% enriched fuel
in the core. Following demand by country current nuclear laws, a new emergency core
cooling system, which was not designed in USSR project, has built (1988) and the accident
ventilation system was extended with new iodine filters (1988). Some of the incidents are
evaluated and proposed for inclusion into the IAEA database on Incident Reporting System
for Research Reactors.

Modernization of the control, dosimetry and monitoring equipment, financially
supported by the IAEA, initiated in 1985, while new reactor loop for fuel testing with
separated cooling system was built in 1989. Due to various reasons, the reactor
reconstruction is not finished yet, and so, in last few years, the RB nuclear reactor is the
only one at disposal for research work in Yugoslavia.

The purpose of this paper is to briefly describe the current basic technical
characteristics, experimental possibilities and to summarise year's reports on utilization and
maintenance of both the Vinca's research reactors. Problems of operating as results of the
ageing of the rectors' equipment and materials as well as financial aspects and influence of
nuclear programme changing in the country are discussed.
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The Dalat Nuclear Research Reactor (DNRR) is a pool type research reactor,
which was reconstructed in 1982 from the old 250 kW TRIGA-MARK II reactor. A
description of reactor components is shown in Fig. 1. During reconstruction some
structures of the previous reactor such as the reactor aluminum tank, the graphite
reflector, the thermal column, the horizontal beam tubes and the radiation concrete
shielding were retained. The reactor core, the control and instrumentation system, the
primary and secondary cooling systems as well as other associated systems were newly
designed and installed [1].

The natural convection mechanism of light water for reactor core cooling was
kept unchanged. The cooling efficiency was increased by installation of an extracting
well placed above the core. The core is loaded with VVR-M2 fuel elements with 36%
enrichment. The maximum thermal neutron flux in the neutron trap is 2. IE 13 n/cm2/sec.
The renovated reactor attained its nominal power of 500 kW in 1984. In March 1999, The
(DNRR) accumulated fifteen years of operation since its renovation. The main regime of
operation is 100 hrs once every 4 weeks. The remaining time is devoted to maintenance
work or to short runs mainly for research experimentation. Since its inauguration in
March 1984, the reactor has been used extensively for research, radioisotope production,
neutron activation analysis and training of personnel.

During the recent years, the reactor control and instrumentation system was
renovated due to ageing and obsolescence of its components. The reactor and its
associated technological systems have been thoroughly examined and refurbished to
ensure and strengthen its safe operation. Efforts are being made to cope with ageing of
old reactor component [2] to maintain safe operation of the DNRR. In-service inspection
has been carried out. Underwater video camera was constructed for this purpose. It
consists of video camera with control device, TV monitor, tape recorder and underwater
lamp.
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FIG. 1. DESCRIPTION OF REACTOR COMPONENTS, SECTION VIEW
1 - CORE 4- CYLINDRICAL SUSPENDER
2- REFLECTOR 5 - SUSPENDING SUPPORT
3- EXTRACTING WELL
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More than 50 years has passed since the appearance of the first research
nuclear reactors. Most of reactors of the first generation have exhausted their operating
life and should be dismantled. But reactor dismantling is a very complex process, full-
scale realization of which generates a lot of other problems, solution of which is
apparently beyond many countries strength.

The goal of this report is to attract attention to the problem of
decommissioning of research reactors which have outlmed their usefulness and to
search the acceptable ways of reactor conversion into a state, the maintenance of full
radiation safety of which would not demand constant supervision and large
expenditure.

The report contains a short information about the operation of the nuclear
reactor IRT-M of the Institute of Physics, and interpretation of the version of its
conversion into the state of full radiation safety which seems to be the most acceptable
taking into account real situation in our country.

One of the strategies of decommissioning of Research nuclear reactors which
is accepted in some countries is so-called Immediate dismantling after a short-term
storage. But for many countries, which have not large special repositories capable to
accept a great amount of high radioactive waste for constant storage arising during
full dismantling of reactor and which have no possibilities to create expensive special
techniques for remote cutting, processing and transporting of high radioactive parts
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and units of reactor, such conception is not acceptable. One of such countries is
Georgia.

For many countries the more acceptable version is long-term storage strategy
which foresees conversion of the reactor into the intermediate state and its full
dismantling after long time keeping. In such case, owing to diminution of activity the
total expenditures will be lowered despite the additional expenses necessary for
control, supervision and protection of reactor during all time of keeping. Besides, in
this case the necessity of designing the special techniques no longer arises and the
danger of radioactive contamination of environment vanishes.

Despite the mentioned advantages of the strategy of long-term storage, it is
not acceptable for our conditions as: it requires considerable financial expenses
necessary for service, control and for providing reliable physical protection during
the whole period of long-term storage of nuclear facility. It can not provide the
guaranteed radiation safety in case of hypothetical emergency. It excludes the
possibility to attract young specialists of appropriate skill for working at the shut
down reactor which is necessary to provide long-term storage of nuclear facility
under the conditions of complete safety and to solve the problems connected with its
future.

Naturally, most advantageous and reasonable is conversion of the reactor into
such intermediate state which does not demand special control and supervision,
guarantees its radiation safety even in extreme situation and gives possibility to
preserve its function.

In our opinion the version which fully satisfies these requirements is the
concreting of the most radioactive lower part of the reactor tank (approximately 1/3
of its total volume) and inner cavities of horizontal experimental channels with
burying in concrete all the radioactive waste being at the reactor.

At realization of the given version the real possibility of the useful
application of the rest part of the tank arises. Quite intensive source of neutrons, for
instance, a critical assembly or low-power reactor can be designed in it. On the basis
of such sources a certain circle of investigations with the use of neutron activation
analysis may be organized for solution of tasks of applied character. This will be
very important for our country. It is also possible to organize on the same basis a
trainer for education process and training of specialists in the field of reactor physics
and atomic energetics.

The developed variant of the removal of the reactor from exploitation is quite
favorable and acceptable from our point of view because it is:

1. Radiation safe and ecologically clean.
2. Radiation and seismically stabile.
3. Comparatively not labor consuming and easy to fulfill.
4. Not connected with large financial or material expenditures.
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The HANARO is an upward-flowing, light-water-cooled and heavy-water-reflected
research reactor of 30MWth with an open-tank-in-pool arrangement as shown in Figure
1. Two natural circulation cooling modes can be made up after normal reactor shutdown
and loss of flow transient. One is the loop natural circulation through primary cooling
system(PCS) of which flow path is the same as in the forced convection cooling. The
other is the pool natural circulation through the flap valves. The former becomes the
main heat transfer process when only the secondary cooling system(SCS) is available,
while the latter is made up when both PCS and SCS are unavailable. The flap valves
installed on the core inlet line near the inlet plenum provide significant contribution to
the reactor safety because they are important components for the formation of pool
natural circulation.

The flap valve was designed to be closed during the forced convection flow, the
coastdown flow of PCS and the natural circulation through the PCS loop to get
maximum core flow[l]. This led to a special requirement that the valve should start to
open when the pressure difference across flapper becomes from 0 to lOOPa. It is
induced to open when pressure inside the core inlet line becomes less than the pool
side pressure at the valve elevation. This pressure difference is generated by decrease of
PCS loop flow rate due to the loss of the secondary cooling and subsequent increase of
the core inlet temperature. Another design requirement is that the flow rate through one
valve should be greater than 8.5kg/sec when the pressure difference is 300Pa which is
fully open condition of the valve. To satisfy the design requirements, the mechanical
and hydraulic resistance of the valve should be minimized and thus the counter weight
flap valve was selected. The cross sectional view of the valve is shown in Figure 2.

Secondory

Cooling Water

Bypass Flov| Control Valve

Purification System

Figure 1. A Schematic Diagram of HANARO
Primary Cooling System

Figure 2. Sectional View of Flap
Valve
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Table 1. Functional Test results of
Flap valve

To confirm the design of the flap valve, the functional test was performed using
the test facility shown in Figure 3. The difference of the pool water depths between
pool A and B was applied to get the pressure difference between the inlet and outlet of
the valve in the functional test. Test results showed that the functional requirements for
the valve were satisfied well as summarized in Table 1.

In order to investigate the cooling capability and
flow characteristics "of the natural circulation in
HANARO, the natural- circulation tests were performed
at various power levels[2]. In the tests, variation of
the PCS flow rate and the coolant temperatures were
measured. At the same time, the state of flap valves
was continuously observed with an under-water video
camera during tests. It was found from observation
that flap valve was slightly opened in the loop natural
circulation although the valve did not meet the open
condition yet. Thus, the loop and the pool natural

circulation are simultaneously made up regardless of SCS conditions. Figure 4 shows
typical flap valve behavior in the pool natural circulation.

Only the natural circulation flow rate through PCS loop was measured because it
was difficult to measure the flow rate via flap valves submerged in the reactor pool.
Hence, the flow rates through the flap valves should be deduced from the measured
parameters. In the loop natural circulation test with 1.2MW (4% of Design Full Power),
the measured flow rate via PCS loop was 12.3kg/s and the estimated flow rate via flap
valve was 4.4kg/s, respectively. On the other hand, those in the pool natural circulation
were 3.2kg/s and 11.4kg/s. Consequently, it was confirmed through the natural
circulation test that the flap valves were working with good performance to remove the
decay heat of HANARO as designed.

Test Conditions

Pressure
Drop
(Pa)

Flow
Rate
(kg/s)

Start to open

Fully open

at 260Pa

at 300Pa

Results

47

256

9.1

11.2

Valv=

Disc"

Openin,

f -.

Sfe

Figure 3. Test Facility for Functional Test of Flap Valve

Figure 4. Flap Valve
Opening under
Pool Natural
Circulation
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The research reactor WWR-C located at Institute of Nuclear Physics of AS of Uzbekistan Republic in
Tashkent achieved initial criticality in September 1959 [1]. The rated reactor power was 2 MW. In the reactor
were used of the fuel assemblies (FA) with fuel elements (FE) of the pin type with fuel of 10% enrichment. In
1971 in the RRC "Kurchatov Institute" the project of the reactor reconstruction on base of use of the IRT-
2M type FA with FE of the tubular type and fuel of 90% enrichment was developed. The reconstruction of the
WWR-C, conducted in 1971, has ensured a possibility of increase of its power with 2 up to 10 MW. Since
1979 in the WWR-CM reactor IRT-3M type FA were used. The heat transfer surface of IRT-3M type FA is twice
higher, than at the IRT-2M type FA. In FE of IRT-3M type FA fuel of 90% enrichment also was used [2].

The program of reduction of fuel enrichment for research and test reactors in the former Soviet Union
was begun inl 978. From the first Program provided development of the fuel permitting to use of the uranium
with medium enrichment (36%). Second queue of the Program provided development of fuel with uranium
enriched not above 20%. This work was interrupted in the former Soviet Union in 1988 owing to lack of the
financing. In an outcome of works executed till 1988 IRT-3M type FA with uranium of 36% enrichment were
developed, were made and were tested [3]. In the FE of these FA meats from uranium dioxide in aluminium
matrix (UO2-A1). A density of uranium in the meats - 2.5 g/cm3. A thickness of the meats - 0.5 mm. The first
consignment of the IRT-3M type FA with uranium of the 36% enrichment made by Novosibirsk Chemical
Concentrates Plant (NCCP), was bought by ENP of AS of Uzbekistan Republic in a middle of 1998. The
conversion plan of the WWR-CM reactor on use of the FA with uranium of 36% enrichment provided a
consecutive replacement by them of a part most burnup FA with fuel of 90% enrichment.

The core configuration of the first mixed loading of the reactor with fuel 90% and 36% enrichment is
represented in figure 1. For it the forming from the core four FA with average burn-up of fuel 56.9. 56.2,
55.5 and 53.9% were unloaded and also four fresh FA with fuel of 36% enrichment are loaded. With the first
mixed loading of the core the reactor has operated 2 cycle: from 20.08.98 till 11.09.98 and from 17.09.98 till
14 10.98. For forming of the second mixed loading from the core four FA with bum-up 56.9, 58.6, 56.8 and
53.5% were again unloaded and four fresh FA with fuel of 36% enrichment are loaded. With the second mixed
loading the reactor also has operated 2 cycle: from 20.10.98 till 11.11.98 and from 17.11.98 till 09.12.98. In
forming of the third mixed loading FA from cells 6-3, 6-6, 3-3 and 3-6 were reloaded in the storage. In these
cells fresh FA with fuel of 36% enrichment were loaded. With the third the mixed loading of the core the reactor
has operated one cycle (15.12.98 - 30.12.98). In forming of the fourth mixed loading from the core four FA with
burn-up 56.9, 59.6, 58.7 and 58.7% were unloaded. Instead of them four FA, unloaded in forming of the third
mixed loading, were loaded. With the fourth mixed loading the reactor has operated one cycle (08.01.99 -
03.02.99). To the end of operation cycle of the fourth mixed loading in the core in twelve FA with initial 90%
enrichment of fuel enough high levels of burn-up were reached. In particular, in five FA the level of burn-up
has exceeded 60%. In forming of the fifth loading these twelve FA were unloaded. After the loading of four
fresh FA with fuel of the 36% enrichment, FA number in fifth (no longer mixed) loading came to 16. With fifth
loading of the core the reactor will operate 3 cycle. In the sixth loading 20 FA will be after a replacement of the
beryllium blocks in cells 5-2, 4-2, 5-7 and 4-7 by fresh FA. The seventh loading from twenty four FA after a
replacement the beryllium blocks in cells 6-2, 3-2, 6-7 and 3-7 by fresh FA will be similarly formed. For the future
FA number in the core to be changed will not be. In each reloading of the reactor core for a replacement of the
most burnup FA by the fresh the following scheme will be used: unloading of four FA from central cells (for
example, from cells 5-4, 4-4, 5-6 and 4-6); loading in these cells of the FA from peripheral cells (5-2, 4-2, 5-7
and 4-7); loading of fresh FA in peripheral cells. Such scheme ensures smaller nonuniformity of power
distribution on section of the core.
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Figure 1. The core configuration of the first mixed loading the WWR-CM reactor
with fuel of 90% and 36% enrichment.

Neutronic calculations of all core loadings of the WWR-CM reactor were performed using the two-group
two-dimensional diffusion theory IRT-2D/PC code [4]. The two-group macroscopic cross sections, nessesary for
calculations of various loadings of the reactor, were obtained using the URAN-C code. The URAN-C code is
further development and updating of the URAN-AM code [5], The URAN-C code allows much more exact to
account a resonance absorption on uranium-238, that especially it is important under research reactor conversion
on fuel of reduced enrichment, and allows to determine on a special technique macroscopic cross sections of cells
with a control rod of CPS.

Thermal-hydraulic calculations were performed by means ASTRA code [6], which considered the hot
sector of the maximum power fuel asssembly.

A summary of the calculated results showed that a thermal flux in channels of central beryllium blocks in
result of convertion will decrease about 3%.
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The pool-top radiation level of the 2 MW TRIGA Mk-III reactor of Korea had been successfully
reduced to at least 1/10 by installing an in-pool coolant guidefl]. The same concept can be applied to a
natural convection cooled pool type reactor of which pool is much smaller than that of TRIGA Mk-III.
For the case of the 30 MW multipurpose research reactor HANARO of Korea, the pool-top radiation
level has been reduced to 1/10 after a hot water layer system was installed and working properly[2]. It is
reduced to below a half again after a purification system is attached to the hot water layer system.

The conceptual figure of an in-pool coolant guide for a natural convection cooled reactor having a
cylindrical pool is depicted in the Fig. The radioactive coolant floating from the core by natural
convection moves into the in-pool N-16 decay chamber and then goes to the pool cooling system. The
short half-lived activation product N-16 that governs the pool-top radiation at this kind of reactor decays
before the coolant comes out of the in-pool chamber. The inner cylinder of the chamber works as a
chimney above the core, and the suction point of the pool cooling system is extended to near the top of
chimney from near the surface of the pool. By this way the core flow is slightly enhanced and the power
fluctuation due to boiling of coolant at the fuel surface is reduced. The chamber provides interim storage
of irradiated materials including spent fuels as well.

The conventional system to reduce the pool-top radiation level at natural convection cooled
reactors of which power is around 1 MW or higher, is so called jet disperser. It is proved at the TRIGA
Mk-III of Korea that the in-pool coolant guide is much more effective than the jet disperser from various

. viewpoints.
For the case of an open pool type forced convection cooled reactor, N-16, Al-27, Mg-27, etc. of

which half life is less than a few minutes, decay fully in the primary cooling circuit or in the lower part of
the pool before they reach to the pool surface. But Na-24 by Al-27(n,cc) and Ar-41 by Ar-40(n,y)
reaction do not sufficiently decay before they arrive at the pool surface. In a reactor using aluminum
fuel, Na-24 governs the pool-top radiation. Ar-41 is the major radioactive nuclide released to the reactor
hall and then to environment during normal operation. The use of hot water layer is well known method,
and it was demonstrated again at the HANARO. It reduced the pool-top radiation level to 1/10 and the
release of Ar-41 to the environment from the reactor pool to almost negligible rate.

Since the Na-24 in the coolant is the form of + ion, it is cleaned away by the ion exchanger of
coolant purification system. The effectiveness of the ion exchanger when it is added at the hot water
system for the additional reduction of the pool-top radiation level, was analyzed. Reduction of pool
surface radioactivity by about a half was estimated, and it was judged to install the ion exchanger for the
ALARA concept. The actual operation record verifies the accuracy of estimation, and the pool-top
radiation level of the HANARO is now around 5 uGy/h.
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General

Test devices are at the heart of the Phebus programme's safety experiments
performed in the Cadarache Center by the Institut de Protection et de
Surete Nucleaire (IPSN) in collaboration with the Joint Research Center of
Ispra (Europeen Community), EdF, NRC, NUPEC, JAERI, AECL, ONTARIO HYDRO,
KAERI, HSK and PSI. The purpose of this programme [1] is to study and
analyse some physical phenomena that characterize severe ciccidents, such as
core degradation and fission products release, physico-chemical behaviour,
and transport. These devices contain the test fuel the degradation of which
is obtained during the experimental sequence. The instrumentation required
to steer and interpret the test is also fitted on these devices.

Safety requirements

The experimental sequence consists in simulating a small scale severe
accident. The fuel's cooling is interrupted. The resulting temperature
increase leads to fuel bundle degradation, slumping, and liquefaction, as
well as to a release of fission products. The physical, chemical and
thermal phenomena governing these tests are complex and result in a very
harsh environment (high temperatures, very high activity, very confined
geometry, etc...). Such conditions are reproduced within the test device
itself, which is in turn placed at the centre of the experimental reactor,
which must uphold its integrity.

Therefore, strict safety requirements are applied to the test devices.
Examples of the acknowledgement of these requirements for the study and
performance of test devices will be presented in the lecture.

Stakes of the tests

The implementation of these tests is an expensive, complex, tedious, and
time-consuming process. The preparation of each test represents about 3
years of work. Each test is a unique test and the first; attempt must be
successful.
Implemented safety provisions must be both efficient and sufficient.
However, they must be in compliance with the goals of the test.

FPT4 device description

FPT4 is the latest designed device. This totally innovative device will be
used as an example in the lecture.

192



This device is specific, as the test fuel, which forms a debris bed of
carefully calibrated fragments of U02 and oxidized zircaloy, is placed in a
"canister". This bed is placed at the bottom in a crucible constituting a
shroud. Furthermore, a filtering system is placed above it to collect
aerosols on the various filters during the experimental sequence.
The implementation of this test device covers miscellaneous and complex
fields of physics, (neutronics, mechanics, thermalhydraulics, materials,
high temperatures, ceramics, instrumentation, , . ..) and requires the use of
leading edge technologies in all these fields.

Hazard identification

Hazards pertaining to safety are assessed in association with the test
managers, as these hazards depend on the thermomechanics and physico-
chemical stresses and loads, and thus on the test's scenario. These risks
are clearly identified and the acknowledgement of these hazards as well as
the adequacy between the proposed technical solutions and the test's goals
are checked during the various design reviews which take place during the
studies of the device.

The main hazards associated to the safety of the FPT4 device are the
following:

test device tube aggression by the molten pool

axial propagation towards the bottom of the melted materials

device tube thermomechanics stresses and loads

filter clogging leading to an excessive internal pressure in the device

water ingression

vapour explosion in the event of water ingression

Acknowledgement of these hazards at desicrn stacre

The following summary briefly describes the provisions implemented to
ensure thermal and chemical protection of the device's tube, as an example.

The test device's tube is thermally protected by an internal ceramic shroud
whose density and thermal characteristics were optimised, in order to be in
compliance with the test's goals and safety requirements. Furthermore, this
insulation also protects the device's tube against aggression by the melted
materials, however, this insulant can also be subject to partial
dissolution by these materials. A "hot spot" may appear due to this
aggression, the hot spot is detected by thermoelectric cables fitted around
the insulant.

An internal dense zirconia plasma sprayed coating is the last protection
against the molten pool.
Thermocouples are externaly mounted on the device tube to follow the
correct cooling of the device.

Qualifications

Once the offered technical solutions are defined, R&D programmes are
drafted for the development and qualification of all innovative components.
These programmes concern instrumentation such as the high temperature
thermocouples, ultrasonic thermometers, thermoelectric cables, pressure
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transducers and some components such as the insulants, connectors,
filtering system, electrical valves, pneumatic valves, safety valve, and so
on.

Design is validated after completion of all studies, calculations, and
qualification programmes.

Assembling

Specific provisions are implemented during device assembling to ensure that
all functionalities required for test safety are operational. Amongst these
provisions, one can mention the Analysis of the Risks in Operation (ARO)
whose purpose is to highlight all hazards resulting from the assembly
operations, assess their effects, occurrence probability, gravity,
criticality, and to propose hazard reducing measures to bring the
criticality back to a previously defined acceptable level, if required.
In addition, correct operation checks are performed during acceptance of
these devices.

Conclusion

The test devices are subject to major stresses and loads in the
experimental reactor's core. All provisions must be implemented to
guarantee the safety of these tests. Furthermore, these devices are often
associated to technological innovations, which must be qualified by
sometimes extensive development and qualification programmes. However, a
test device is never intrinsically safe, therefore, safety provisions
detailed above must always be associated to steering provisions defined by
the test managers for test performance.
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SKODA JS in cooperation with important research facilities such as UJV Rez, CVUT
PRAHA - Nuclear Institute and Chemoprojekt Praha has been working on the
research reactor design.

This work has been approached based on the experience from the past period during
which several research reactors were designed, manufactured and commissioned by
SKODA in cooperation with the above facilities. The commissioning of the first
research reactor made in SKODA (SR-0) was followed by reactors TR-0, LR-0, LVR-
15 reactor and the last realized research and training reactor VR-1V located directly
within the campus of CVUT Praha.

The above LR-0 reactor operates as a critical assembly with the VVER 1000 reactor
core.

Design questions concerning the cores were consulted in IAE Kurtchatov and with
other Russian experts. It should be mentioned that the reactors were oriented to
Russian fuel which was available in our country at that time.

The aim of the current work is to design a research reactor which would meet current
requirements both from the point of view of irradiation in the core (experimental
reactor with loops and probes) and of works on neutron beams.
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Several basic parameters of the reactor being designed:

- output max 20 MWt

- thermal neutrons 3.0 a 10*4

- moderator - light water

- reflector - heavy water (Be)

- tank type reactor pool of dia. 5000 mm (lower water level, shielding completed by
platforms)

-two more pools - handling and storage - will be connected to it

- heavy-water reflector will be placed in a vessel of dia. 2300 mm and height 2500
mm.

The reactor will be equipped with horizontal channels which will be furnished
according to current needs of neutron physics including neutron therapy.

The core fuel is assumed to be modified IRTM.:-

197



XA9952423

IAEA-SM-360/50P

A REVIEW OF FOUR METHODS FOR THE INDEPENDENT
MONITORING OF CORE POWER IN THE JASON ARGONAUT
REACTOR

J.E. MOORMAN, P.A. BEELEY and J.P. fflGHTON
Department of Nuclear Science and Technology, HMS SULTAN, Military Road,.
Gosport, Hampshire PO12 3BY, United Kingdom

© Controller, Her Majesty's Stationary Office London 1999

Of all the parameters monitored by the various nuclear reactor safety
systems, one element is common to all the core's thermal constraints; the heat
flux. Although not directly measurable, the heat flux is related to the fission rate
and thus reactor power. Therefore if reactor design limitations are not to be
exceeded, accurate measurement of the core power is fundamental to the safe
operation of any nuclear plant.

As the design of most reactors do not permit neutron detectors to be placed
in the core, it is impossible to measure directly in-core flux. However, by
assuming a relationship between the in-core flux and the flux measured by
detectors outside of the core, nuclear instrumentation can be calibrated to provide
an indicated power that can be related to the actual power within the core.

In order to provide an accurate relationship between indicated and actual
power the thermal capacity within power reactors can be utilized to determine core
power using a calorimetric method. However, low power research reactors cannot
generate enough thermal capacity to provide an accurate calorimetric calibration
and therefore a number of alternative methods for inferring actual core power have
been developed.

The objective of this paper is to review four methods that have been used
for inferring actual power in the JASON reactor. The reactor is a British version of
the Argonaut reactor developed at Argonne National Laboratories in the USA. The
reactor is operated by the Department of Nuclear Science and Technology at the
Royal Naval College, Greenwich and it has been used for education and training in
support of the Naval nuclear propulsion programme for over thirty years [1]. The
maximum indicated power of the reactor is administratively limited to lOkW; the
power level being monitored by an RC6 gamma-compensated ionization chamber
located in the graphite reflector surrounding the core. With respect to inferring
actual core power in JASON, the following methods will be described:

a. Activation of Gold Foils: This method has been used on a monthly basis to
provide a relative indication of core power with respect to the power indicated
by the linear power channel (RC6) on the control desk. The gold foils are
activated at an indicated power of 10W and the induced activity is measured
using a beta-gamma coincidence detector assembly. The measured activity is
compared to historical data and the absolute deviation of the monthly data
from the mean historical measurements is used as a quality control measure of
the indicated power.

b. Measurement of N-16: This method has been investigated as an on-line
method of inferring actual in-core power [2]. A Bismuth Germanate detector
was placed on the return leg of the JASON primary coolant circuit and an
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associated multichannel analyzer was used to monitor the 6.1 MeV photopeak
associated with the radioactive decay of N-16 in the primary coolant. The
measured activity has been used to monitor steady state power at lOkW and to
monitor indicated power linearity, in lkW increments, from shutdown to
lOkW.

c. Measurement of F-18: This method has also been investigated for the
determination of in-core reactor power by the off-line measurement of F- 18.
activity in the JASON primary coolant [2]. The method involves the
radiochemical separation of F- 18 from aliquots of primary coolant followed
by absolute activity measurements using a Nal(Tl) based gamma-ray
spectrometer. Reactor power is then calculated from the measured activity
using either ab initio calculations or by comparing the measured F-18 activity
with that measured in a calibrated power reactor.

d. Calorimetric determination: This method utilized the steady flow energy
equation to determine JASON power by quantifying heat losses utilizing
existing non-nuclear heat[3]. The quantified heat losses are used, in a model
for thermally calibrated JASON, together with the temperature differentials
associated with a nuclear energy input into the reactor in order to calculate in-
core power in JASON.

The four methods described above have both advantages and limitations.
These issues will be discussed within the context of present day requirements for
research reactor safety justifications.
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OF RESEARCH REACTORS
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The Hungarian Underwater Telescope (HUT) with remote
controlled positioning is a high resolution optical device with
continuously variable magnification for underwater visual
examination of spent fuel assemblies, reactor vessels and
components. ....,-.,,,..-..„

Based upon an IAEA research contract (5021-RB 1989) a remote
controlled device has been developed for visual inspection of
components of research reactors and the spent fuel assemblies in
storage ponds. The Hungarian Underwater Telescope (HUT) is an
ideal tool providing a high resolution, stabilized image without radiation
leakage and with no radiation sensitive optics at the front for in-service
and safeguards inspection
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• The Egyptian Fuel Manufacturing Pilot Plant, FMPP, is a Material Testing Reactor
type (MTR) fuel element facility, built by the cooperation of the Argentinian
company INVAP, for producing the specified fuel elements required for the Egyptian
Second Research Reactor, ETRR-2.
The plant uses uranium hexaflouride (UFe, 19.75 % U233 by wt) as a basic material
which is processed through a series of the manufacturing, inspection and test plan to
produce the final specified fuel elements.
Radiological safety aspects during design, construction, operation, and all reasonably
accepted steps should be taken to prevent or reduce the chances of accidents
occurance.
Specifications:

- MTR dispersed type FE
- U3O8 enriched powder dispersed in a matrix of AL pure (99.5 %) powder
- Total mass of 404.7 g U235 each
- Square section of 80x80 mm
- 19 fuel plates each (17 inner and 2 outer)
- 21.3 g U235 fuel plate content
- Cladding material is made of AL6061 magnesim base alloy, with 0.4 mm

thickness
- Fuel plate active zone dimensions are,

800 mm height
645 mm width
1.5 mm thickness

- Fuel plates are separated by 2.7 mm coolant channel

XA9952425
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Manufacturing Plan:
Uranium hexaflouride (UFe 19.75 % U235) is solid at room temperature, heated above
its triple point to increase its vapor pressure. When gaseous UF6 is added to a desired
amount of demineralized water in a special closed agitated vessel (Hydrolizer), a
solution of uranyl flouride UO2F2 and hydroflouric acid is obtained.
Uranul flouride solution is then precipitated by ammonia water 25 %, washing and
filtration steps are taken to produce a clean slurry of Ammonium Di Uranate (ADU).
The ADU obtained is calcinated at 800 °C furnace to produce U3O8 powder, milling.
and sieving treatment occurs.
A second treatment at 1400 °C furnace takes place to get the dense powder of U3O8 at
a required particle size of 45 - 90 u, while the fine powder must be less than 50 % by
weight.
The enriched U3O8 powder produced has to meet a required specifications of:

- uranium content > 84.5 %
- density > 8 g/cm3

Mixing of the U3O8 powder with AL metal powder is made with 48 % by volume of
U3O8, then it is compacted by 4.5 Ton/cm2 pressure to get a compact with the
following dimensions and weight:

-total weight 171.6+/-1.5 g U3O8+AL
- length 69 +/- 0.3 mm
- width 60.5 +/- 0.3 mm
- thickness 8.5 +/- 0.2 mm

Welding by TIG method takes place to produce the preplate.
A role of swaging, cutting, straightning, surface treatment and radiography takes place
to produce the final fuel plate.
Assembly of each 19 plates takes place to produce the MTR dispersed type fuel
element with the specifications mentioned before.
Inspection and Test Plan (ITP):
MTR dispersed type fuel element passes through a lot of inspection and testing steps,
engaged with the manufacturing plan described before, beginning from the first step
of UF6 cylinder reception and enrichement percent check up till the final assembly is
produced.
Special quality control steps are taken to evaluate the plates and fuel assembly as
follows:

- minimum cladding thickness
- bonding and/or blistering test
- plate cutting
- x - r a y and/or homogenety of the uranium meat
- dogboning and white spots
- coolant channel spacing
- surface contamination

References:
1- Safety Series No. 50 -C - QA, "Quality Assurance in the Procurement, Design,
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2- INVAP SE, Safety Analysis Report of the FMPP. 0766 7302 3MADP 00110.

AUG., 1998.
3- INVAP, (Duality Assurance Manual of the FMPP. 0766 7102 3MFDP 00110.

ARG., 1988.
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OPERATION RENEWAL AT THE RESEARCH WWR-K REACTOR
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The Kazakhstan WWR-K research water-water 10 MW power reactor was put into operation at
the Institute of Nuclear Physics in 1967. Since then it operated continuously till 1988 without
accidents and deviations from normal operation regime. By its design and physical features, it refers
to the most safety reactor types; as for it s experimental capabilities and the usage efficiency, is
considered as ihe best one among the reactors of its Lypc throughout CIS- Howevei in October 1988,
accoriding to decision of (he USSR supervising bodies, operation of the WWR-K reactor was stopped
as a result of the fact that the safety requirements for the reactors disposed in the high-seismicity
regions have become more strict

iBeginning with 1988 at the WWR-K reactor the works by the forces of the Kazakhstan
National Nuclear Center on enhancement of the reactor safety at the conditions of regional high
seismicitv. including refinement of the seismic and tectonic state of the reactor disposition area,
enhancement of awti-seismic resistance of the building structure and technological equipment as well
as creation of the additional protective systems. Some international organisations have rendered
considerable support in the frames of appropriate projects too, including.

| - the International Science and Technology Center Project K-012 «Sludies of Safety Issues of
WWR-K Reactor Facility Under Enhanced Seismic Activity and in View of Its Future Use";

- the International Atomic Energy Agency Project KAZ/9/004 "Safety Upgrading at the
WWR-K Research Reactor".

". "he expert assessments on reactor safety and the recommendations on its safety enhancement
were'carried out by the specialists working at the organisations responsible for reactor drafting and
designing, other special institutions juid the IAEA experts tuu. Examination of the icactoi building
state Hand the calculated estimates of the anti-seismic resistance of the building structure and its
separate elements have shown that the upper light section of the building may be collapsed at the
earthquake magnitude up to 8. However its lower monolithic iron-concrete part, where the reactor
along its technological equipment and the safety systems are disposed. Will preserve its integrity at
the earthquake up to the magnitude of 9.

The scismo-tectonic studies performed by researches of the Institute of Geophysical Research
(KNNC) in 1995 were shown that the value of draft earthquake magnitude foT the reactor location
would be set equal to the magnitude of 8, whereas the maximum calculated earthquake magnitude
would be set to be equal to 9.

Calculations of seismic stability for the reactor technological equipment and constructional
structures have supported safety of the reactor operation under seismic impacts up to the magnitude
of 9, provided additional protective systems are created.

In accordance with the expert recommendations, supplementary protective systems have been
carried out that promote the reactor safety state in the case of accident occurrence, including:

• tfee system of protective fittings for the reactor control/protection rod drives as well as for the
tanks with the water reserve stock in view of reactor core emergency cooling, which is to
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prevents damage of drives and tanks in the cases of assumed shock impacts when huge structures
of the upper part of the building may fall down;

» the system of the reactor emergency anti-seismic protection that provides immersion of the
emergency protection rods m a case of the earthquake stronger than the magnitude of 6;

• the backup system for reactor core watering capable to operate at the earthquake stronger than the
magnitude of 9 and to prevent the reactor core melting in a case of leak-proofhess breaking in the
reactor first loop and complete water leakage out of the reactor vessel;

• the backup emergency power supply system, capable to operate at the earthquake up to the
magnitude of 9, consisting of two diesei generators which are capable to be turned on
automatically and provided with the fuel stock for 6 days of uninterrupted operation - in addition
to the major power system (accumulator battery and the motor-generator);

• the backup control boaxd located outside the reactor building - in a separate iron-concrete bunker,
capable to operate at the earthquake stronger than the magnitude of 9, which is designed for
collection of the information and reactor shutdown in a case of collapsing the reactor main
control board.

Implementation of all listed above has allowed to initiate the reactor restarting, i.e., to the
reactor physical restart and the power one. The decision was taken to reduce the reactor nominal
power] to 6 MW and create more compact configuration of its reactor core.

In the phase of the reactor physical startup, the initial critical compact reactor core was
rWgwi-, the reactor cme neutron -physical characteristics were determined. The neutron flux standard
gauges were calibrated to the reactor absolute power. The control rod integral characteristics and the
efficiency of the emergency protection rods were determined. The rod weights and the rates of its
displacements were found to be in correspondence with the expected results obtained at the critical
assembly and satisfy the requirements of the acting norms. Radiation situation in the reactor hall in
the course of reactor transition to the power of 1000 W witnessed in favour of safety for further
activities at the reactor higher power levels..

k.t the phase of the reactor power startup the initial compact operation reactor core was
charged, the control rod integral characteristics and the emergency protection rod efficiencies were
determined, as well as the efficiencies of separate FEA. Reactivity margin, the compensating rod
efficiencies and the compensating rod efficiencies comprised, respectively, 5.09 % ( A / ) , 6.63% ( A / )
and ll.86%(A/).The reactor subcriticality with all reactivity compensation rods down and the
emergency protection rods up comprised 1.54% (A/).Measurement of the distribution and the
absolute value of the thermal/fast neutron flux density in the reactor core and in the experimental
channels was carried out. The thermal neutron fluxes in the experimental channels of the reactor core
are within the range from 2.8' 1013 n/cm2s - in the peripheral cell up to 1.45" 10H n/cm2's - in the
central cell. The reactivity temperature factor was measured and the power factor was calculated. The
reactivity effects associated with power generation, poisoning and fission products in the course of
reactejr operation dusting three days at the power level of 6 MW were determined. The reactivity
margin for the initial compact reactor core operation will allow to be at the6 MW power level during
10 days. The gamma/neutron field characteristics were determined in the reactor servicing points, in
the central hall, in the reactor rooms and on the environmental objects.

The government regulatory body - the Kazakhstan Atomic Energy Agency - on considering the
Act and the Report on the WWR-K reactor power startup, took a decision on possibility to renew
reactor operation and permitted reactor restartup in March 25, 1998. At present at the WWR-K
reactor the research activities as well as the irradiation ones are under implementation.
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Analysis of Thermal Power Calibration Methods
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Extended Synopsis

Reactor thermal power calibration is very important for precise fuel element burn-up
calculation. Calculated fuel element burn-up is linearly dependent on thermal reactor power.
Thermal reactor power is in research reactors usually calibrated with approximate 10%
accuracy in average. In extreme cases error can amount to 30%.

The reactor power can be measured accurately by the calorimetric method, but
impractical for monitoring the instantaneous reactor power level, particularly during
transients. The power is usually monitored by one or more nuclear detectors, which are
calibrated by the calorimetric method. Unfortunately, the response of a single nuclear
detector is sensitive to the changes in the core configuration, particularly to the control rod
position. This is especially important in research reactors, which do not have distributed
absorbers for reactivity control and the normal mode of maintaining criticality is by the
insertion of the control rods. Thermal power calibration of the nuclear instrumentation is
usually performed for some arbitrary chosen control rod configuration. The calibration is.
strictly valid for that configuration only.

Analysis of thermal power calibration methods of the nuclear instrumentation in the
TRIGA reactor in Ljubljana is described. Thermal power calibration was performed at
different power levels. To correct for the position of the control rods, perturbation factors are
introduced and procedures to measure and calculate them are described. It is shown that the
use of the perturbation factors enables power readings from nuclear instrumentation with
accuracy better than in case without corrections. The perturbation factors are expressed in
terms of the flux depression factors, which are in turn defined by the ratio of the unperturbed
flux and the flux with one control rod fully inserted, measured or calculated at the detector

• location.
Neutron flux perturbation factors were calculated using r, 6 geometry diffusion code

TRIGLAV and three-dimensional MCNP Monte Carlo code. Measured and calculated
neutron flux perturbation factors are compared at different control rod positions and power
levels.
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