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ABSTRACT

After giving a brief reminder of the procedure applied in France for granting licences to
modify research reactors, we outline, in this paper, the main safety aspects associated with
using new fuel in these reactors. Finally, by way of an example, we focus on the procedure
followed for converting the cores of the OSIRIS (70 MW) and ISIS (700 kW) reactors to

fuel and the conclusions of the corresponding safety assessments.

Introduction

Research reactors are more subject to modifications than nuclear power plants. In the past, various
modifications were made to certain pool-type research reactors operated in France. For example, their
power ratings were increased and the types of fuel and the core configurations were changed.
Before new fuel can be used in a research reactor, the installation may have to be modified and
adapted to the characteristics of the fuel. Certain upgrades may be made at the same time so that the
installation complies with new safety rules. The technical requirements sent by the safety authority
(Nuclear Installations Safety Directorate - DSIN) to the operators of research reactors stipulate that
the installations have to comply with their safety reports and they describe the licensing procedures
applicable to modification of the installations and to the experiments.
Generally speaking, the content of the safety report has to be modified whenever a new type of fuel is
to be used in the reactor core and because of this, the operator applies to the DSIN for a licence on the
basis of a detailed safety analysis.

Licensing process

Each modification with consequences for safety has to be approved by the safety authority. In the case
of major modifications, the DSIN considers whether a new licensing procedure and a new decree
should be asked for or not. Prior to this, the operator has to send the DSIN a licence application along
with the corresponding documents describing the planned modifications, the commissioning test
programmes and the safety analysis. These documents are then examined by the Institute for Nuclear
Safety and Protection (IPSN), for the benefit of the safety authority. The assessment work involves
extensive discussions with the applicant particularly as regards the safety arrangements. It terminates
with an IPSN document equivalent to an expert opinion, followed by the DSIN decision.
This procedure was applied when the OSIRIS and ISIS cores were being converted from high
enriched uranium to low enriched Caramel fuel (in 1980 and 1979) and from this fuel to silicide fuel
(in 1995 -1996 and 1998).

When a large number of modifications have to be made to an installation or when new safety
problems arise, the DSIN usually asks that the corresponding reports be examined by the "permanent
group" of experts in charge of nuclear reactors. In this case, the IPSN makes the analyses and drafts a
report containing proposed recommendations which are presented and discussed at the permanent
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group meeting, attended by the applicant. After this meeting, the president sends the group's
conclusions and recommendations to the DSIN, which then takes its decision.

Main safety issues relating to the use of new fuel in the core

Before the core is converted to a new fuel, the behaviour of the fuel has to be verified by means of
qualification tests covering the conditions for use. Conversion usually leads to changes in the
neutronic and thermal-hydraulic parameters of the core, hi certain cases, modifications may also have
to be made to the core support structure, the primary system, the threshold settings of the reactor
protection system, and the fresh and spent fuel handling devices and storage conditions. All these
modifications should be dealt with in detailed safety studies.

The safety documents submitted by the applicant should contain mainly:

- the characteristics of the new fuel and specifications for its manufacture, the quality assurance
system and details of fuel qualification,

- the neutronic and thermal-hydraulic calculations relating to the core in normal and transient
conditions,

- detailed analysis of the effect of the proposed modifications, in particular on neutronic and
thermal-hydraulic parameters of the core as well as the radiological consequences of the accidents
identified in the safety analysis report,

- the test programme, including pre-operational tests and initial criticality, low-power and power
build-up tests which are needed to check the neutronic and thermal-hydraulic calculations and to
assure that adequate safety margins are maintained. The use of fuel elements instrumented with
thermocouples allows an experimental validation of these calculations.

In particular, the safety studies and the test programme should demonstrate that the neutronic and
thermal-hydraulic safety criteria corresponding to the new fuel and those given in the safety analysis
report are complied with adequate margins. They should also show that the radiological consequences
of the design basis accident do not call into question the conclusions of the analyses presented in the
safety report.

Conversion of OSIRIS and ISIS reactor cores to silicide fuel

The cores of the OSIRIS and ISIS reactor cores were converted from Caramel to silicide fuel with the
aim of standardisation by using a qualified fuel used in many research reactors. In the case of the
OSIRIS reactor, the operation was carried out in six stages so that the remaining stock of Caramel fuel
elements could gradually be used up; only one stage was required for the ISIS reactor. In neither case
did the power rating have to be modified.

OSIRIS conversion was completed after the installation of five transitional mixed core configurations
comprising Caramel and silicide fuel elements. The fuel elements comprised parallel fuel plates. Their
characteristics are compared in Table 1.
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235U enrichment
Number of plates per fuel element
Plate cladding
Plate dimensions (mm)

overall length
fissile length
overall width
fissile width
total thickness
fissile thickness
channel thickness between two plates

Weight of 235U per plate (g)

Silicide fuel (U3Si2Al)
19.75%

22
Al

662
630
77

68.4
1.27
0.51
2.46
20.83

Caramel fuel (UO2)
7.5%

17
Zy

675
630.9
80.85
72.9
2.22
1.45-
2.63
38.25

Table 1 - Characteristics of Caramel and silicide fuel elements

Brief description of the two reactors

The OSIRIS reactor was built at Saclay between 1964 and 1966 and is a pool-type reactor cooled and
moderated by light water. The core is placed at the centre of the pool in a 120 cm high, 4 cm thick,
62 cm x 70 cm zircaloy structure. This structure contains an aluminium alloy assembly comprising
56 compartments containing the fuel elements, the control rods, the reflector and the experimental
devices. The current core configuration comprises 38 fuel elements and six control rods.
The six control rods are identical and comprise a fuel part and an absorbent hafnium part. The drive
mechanisms are located under the pool.
The water from the primary cooling system circulates in the core in an upward direction at a rate of
5450 m3/h. The primary coolant pumps (there are three in service and one back-up) discharge the
water to a common collector from which it is sent to the four heat exchangers. The pipe through
which water enters the core is fitted with two natural convection flappers. Should the pressure in the
primary system drop below the threshold which triggers reactor scram, the flappers open
automatically due to the effect of a counterweight and the water in the pool cools the core by natural
convection without changing the direction of circulation. This type of cooling is used for power levels
of up to 1.4 MW. The water in the secondary system is cooled in a cooling tower.

The pool-type ISIS reactor is a neutronic mock-up of the OSIRIS reactor. The core is cooled by
natural convection for power levels up to 250 kW. Beyond this value, the core is cooled by forced
convection via the primary system (at a flow rate of 50 m3/h).

Exchanges between the operator and the safety authority

In 1990, the operator of the OSIRIS reactor informed the DSIN of its decision to replace the Caramel
fuel by a silicide fuel identical to that qualified in the USA and outlined the approach it intended to
adopt to carry out the core conversion. It should be remembered that the approach is centred on the
gradual use of silicide elements in the Caramel core until an entire U3Si2Al core is obtained.
Following the IPSN's analysis, the safety authority informed the operator that it agreed with this
approach and asked it to send the following in connection with its application for the licence to
change fuel:

— results of the neutronic and thermal-hydraulic studies relating to the various core configurations
and the analysis concerning the validation of the calculations,

— the study of the rapid reactivity injection accident,
— a report on the behaviour of the new fuel under the effects of irradiation,
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- details on how the spent fuel was to be dealt with,
- justification that the installation was compatible with the new fuel.

The operator's replies to these requests were sent to the DSIN in 1992 and 1993 along with the results
of the measurements made on five silicide elements in the ISIS reactor to validate the neutronic
calculations. DSIN approval was required and obtained before these measurements were made in the
Caramel core. The replies above were supplemented by additional information on the qualification of
the thermal-hydraulic calculations sent to the PSN in June 1994. In July 1994, the operator received
DSIN approval for the OSIRIS core conversion.
The operation to convert the ISIS core to silicide fuel benefited from the experience gained witrr
OSIRIS as regards preparation and assessment of the safety studies. The safety studies were sent to
the DSIN in February and July 1998 and the licence was granted by the DSIN in November of that
year.

Conclusions of the safety assessments

The safety studies submitted by the operator showed that there was no problem in complying with the
safety criteria adopted for OSIRIS and ISIS when it came to converting their cores to the new fuel.
Nonetheless, in view of the uncertainty surrounding the various parameters used in the thermal-
hydraulic calculations, the operator was asked to supplement the validation of these calculations for
OSIRIS using existing experimental data, particularly the results of measurements made on the UAI
core in 1969 using a fuel element instrumented with thermocouples. To meet this request, the
operator, in agreement with the IPSN's suggestion, used a fuel element instrumented with five
thermocouples to measure cladding temperature during normal operation and during a transient
involving shutdown of the primary pumps followed by natural-convection cooling. The results of the
measurements will be used to supplement validation of the thermal-hydraulic calculations. This is
currently underway.

The safety authority also asked the operator to:

- reduce the value of the scram threshold setting corresponding to the power of the reactor (1.4 MW
instead of 1.7 MW for low power operation) for transitional mixed cores in order to meet the non-
boiling water criterion,

- propose, because of the decrease in core head loss, lower values for the alarm and scram thresholds
corresponding to this load loss,

- update the calculation of the radiological consequences of the design basis accident (reactivity
accident leading to core meltdown under water), making allowance for the non-filtrated release of
fission products through leaks due to the overpressure in the containment.

The operator's replies to these requests from the safety authority posed no particular problem.

As regards the ISIS reactor, the operator was asked to supplement the commissioning test programme
with measurements of the maximum cladding temperature, using an instrumented fuel element; this
was aimed at confirming the thermal-hydraulic calculations for conservative operating conditions.

The effect of OSIRIS and ISIS core conversion

When the fuel in the OSIRIS core was changed, the control rod counterweight had to be modified to
compensate for the difference in weight between a silicide fuel element and a Caramel fuel element
(which is around 10 kg heavier), and to ensure that the rod drop time would be less than 500 ms as it
was for the Caramel control rods.
The alarm and scram thresholds corresponding to the pressure differential between the core inlet and
outlet were adjusted to make allowance for the hydraulic characteristics of the new fuel.
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Moreover the gamma heating in the U3Si2Al core is approximately 50% higher than in the Caramel
core and around 30% higher round the periphery of the core. The effect of this gamma heating must
be taken into account in the safety studies on irradiated experimental devices in the reactor.
When the ISIS core was converted, the structure connected to the control rods had to be modified to
ensure that the control rod drop time stayed the same as for the Caramel core.

General conclusion

Converting the core of a research reactor to a new fuel may lead to complications as regards the safety
documents if it is carried out in several stages, since the various core configurations have to be
examined.
Demonstrating the conservative nature of the calculation codes used or validating the results of
thermal-hydraulic calculations by means of experiments are important issues which have to be
examined in detail in the safety documents.
The conversion of the OSIRIS and ISIS cores to silicide fuel is an improvement over Caramel fuel. No
fuel cladding rupture has occurred since the two reactors were converted and have been operating
with the silicide fuel.
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