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The HFR Petten. 



1.INTRODUCTION 

The High Flux Reactor Petten belongs to the Institute for Advanced Mate­
rials of the Joint Research Centre of the European Communities. 
The reactor is operated and exploited in support of research programmes 
of the European Community and of its Member States. 

The expenses for the HFR are covered to a large proportion by a supple­
mentary programme funded by the Governments of the Federal Republic 
of Germany and the Netherlands, with a considerable addition from the 
common programme of the JRC. Although the contribution of public 
funding will continue to be by far the largest, the services of the HFR are 
increasingly offered to third parties inside and outside the European Com­
munities. 

As in the past the HFR Petten is operated and exploited as a multi-purpose 
research reactor. The programme covers the fields of nuclear fission energy 
with special regard to safety aspects, thermo-nuclearfusion, fundamental 
research with neutrons in fields of nuclear and solid state physics and ma­
terials science, large scale radioisotope production for medical, agricul­
tural and industrial applications, neutron activation analysis, development 
and application of neutron radiography and application of neutrons for 
cancer therapy. Safe operation of the reactor is in itself an expressed pro-, 
gramme objective. 

Since the first criticality of the HFR in 1961 it has been the continuous 
policy to keep the installation up-to-date by implementing technical devel­
opments and by refurbishing or replacing all components and equipment 
which approach the end of their useful life. In addition, the facilities and 
the ancillary experimental equipment are continuously adapted and kept 
versatile by responding to changing requirements from the experimental 
programmes. 

Performance upgrading comprised increase of the initial power of 20 MW 
in two steps to 30 MW, and now 45 MW, accompanied by improving the 
core loading pattern in order to provide an increasing number of high flux 
irradiation positions. These improvements were rendered possible by 
adopting more recent technology in fuel element design and manufacture. 
The phase of optimizing operational performance ended in about 1984 
with the replacement of the old reactor vessel by a new one offering much 
improved irradiation possibilities. For example, the pool-side facility was 
enlarged and the former thermal column was replaced by two large cross-
section beam tubes. Major refurbishment actions after the restart of the 
reactor early in 1985 were the replacement of the primary and pool heat 
exchangers, the beryllium reflector, the nuclear instrumentation chan­
nels, and a number of other important components. A full upgrade of the 
control room is under preparation, and will be carried out within the next 
few years. When this has been completed, the HFR Petten can be regarded 
as a fully modernized facility. 

Upgrading and refurbishing actions followed a carefully planned strategy 
in order to avoid unplanned stoppages due to component failure. This 
policy resulted in a high plant availability and a high level of occupation of 
the irradiation facilities. At the same time the modernization of the plant 
has led to a reduction of the irradiation dose of the reactor personnel, now 
at a level far below internationally accepted norms. 
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2.HFR OPERATION, 
MAINTENANCE, 
DEVELOPMENT AND 
SUPPORT 

2.1. OPERATION 2.1.1. Operation Survey 
The "short" cycle pattern which was started in 1988 because of unsec­
ured fuel element supply, has been maintained throughout 1989 with a 
scheduled number of 232 operation days. 
Actually the HFR has been operated during 246 days, which corresponds 
to an overall availability of 67%. Nominal operation power has been 45 
MW. Total energy production has been approximately 9900 MWD, corres­
ponding to a fuel consumption of approximately 12,5 kg U-235. 

2.1.2. Operational Characteristics 
The main operating characteristics for 1989 are given in Table 1. 

Tablei. 
Reactor operation characteristics 
during 1989 

HFR 
cycle 

88.11 
89.01 
89.02 
Shut-down 
89.03 
89.04 
89.05 
89.06 
Shut-down 
89.07 
89.08 
89.09 
89.10 
89.11 

Beginning 
of cycle 

06.01.89 
07.02.89 
05.03.89 
01.04.89 
25.04.89 
21.05.89 
15.06.89 
11.07.89 
22.08.89 
15.09.89 
17.10.89 
11.11.89 
12.12.89 

End of 
cycle 

05.01.89 
06.02.89 
04.03.89 
31.03.89 
24.04.89 
20.05.89 
14.06.89 
10.07.89 
21.08.89 
14.09.89 
16.10.89 
10.11.89 
11.12.89 

Time at 
power 
h.min. 

514.3 
449.42 

472.23 
542.44 
508.53 
548.36 

513.45 
475.56 
536.02 
548.22 

Energy 
production 
MWd 

880 
846 

889 
1024 
951 
972 

968 
850 
895 

1040 

Unscheduled 
operation 
interruptions 

-
2 

2 
-

-

1 
1 
1 

< Table 2 
Full power interruptions. 

Atthe begin of the reporting period, the HFR was in operation forthe com­
pletion of cycle 88.11 up to January 5. Since then the HFR was operated 
for 10 complete cycles at a nominal power of 45 MW. At the end of the 
yearcycle89.11 was still in progress, scheduled forcompletion at January 
8,1990. To compensate for lost operating time, cycle 89.04 was extended 
by two days. During part of cycle 89.06 the reactor power level has been 
reduced to 41 MW in order not to exceed the maximum permissible 
power for an experimental fuel pin irradiation. 

Special operation runs, mostly at low power, were carried out for neutron 
spectra measurements in preparation for the boron neutron capture 
therapy facility and for two irradiation projects. Regular reactivity mea­
surements were made in the context of the testing of HFR-LEU fuel ele­
ments. Core loadings, power pattern and control rod position for the eleven 
fully completed reactor cycles is given in Figs. 1 to 11. Detailed informa­
tion on the various irradiation experiments is given under chapter 3. 

2.1.3. Operational Disturbances 
Deviations from nominal power level occurred 66 times during 1989, 49 of 
these were scheduled, mostly for intermediate handling or adjustment of 
irradiation facilities. The remaining 17 were related to technical failures or 
other safety-related events. Detailed characteristics of all power distur­
bances are given in Table 2. 
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PSF WEST 

Fig. 1 
HFR cycle 89.01. Experiment loading, 
reactor power pattern and control rod 
movement (in bankwise operation). 
Experiment codes used are explained in 
Table 4. 
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PSF. WEST 

Fig. 2 
HFR cycle 89.02. Experiment loading, 
reactor power pattern and control rod 
movement (in bankwise operation). 
Experiment codes used are explained in 
Table 4. 
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Fig. 3 

HFR cycle 89.03. Experiment loading, 

reactor power pattern and control rod 
movement (in bankwise operation). 

Experiment codes used are explained in 

Table 4. 
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PSF. WEST 

Fig. 4 
HFR cycle 89.04. Experiment loading, 
reactor power pattern and control rod 
movement (in bankwise operation). 
Experiment codes used are explained in 
Table 4. 
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NW : 
ER70 

PSF. WEST 

Fig. 5 
HFR cycle 89.05. Experiment loading, 
reactor power pattern and control rod 
movement (in bankwise operation). 
Experiment codes used are explained in 
Table 4. 
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ER70 
PSF. WEST 

Fig. 6 
HFR cycle 89.06. Experiment loading, 
reactor power pattern and control rod 
movement (in bankwise operation). 
Experiment codes used are explained in 
Table 4. 
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PS.F. WEST 

Fig. 7 
HFR cycle 89.07. Experiment loading, 
reactor power pattern and control rod 
movement (in bankwise operation). 
Experiment codes used are explained in 
Table 4. 
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NW: 
EB70 

PS.F. WEST 

Fig. 8 
HFR cycle 89.08. Experiment loading, 
reactor power pattern and control rod 
movement (in bankwise operation). 
Experiment codes used are explained in 
Table 4. 
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NW: E R 7 0 

PSF. WEST 

Fig. 9 
HFR cycle 89.09. Experiment loading, 
reactor power pattern and control rod 
movement (in bankwise operation). 
Experiment codes used are explained in 
Table 4. 
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Ν W : E R 7 O 

PSF. WEST 

Fig. 10 
HFR cycle 89.10. Experiment loading, 
reactor power pattern and control rod 
movement (in bankwise operation). 

Experiment codes used are explained in 
Table 4. 
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PSF WEST' 

Fig. 11 
HFR cycle 89.11. Experiment loading, 
reactor power pattern and control rod 
movement (in bankwise operation). 
Experiment codes used are explained in 
Table 4. 
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2.2. FUEL CYCLE 

Table 3 
Status of HFR fuel elements in 1989. 

2.2.1. Fuel Supply 
The USA authorities granted an export license for 38 kg of HEU which was 
delivered in October 1989. This supply, together with existing stock will 
assure HFR operation until autumn 1991. Negotiations have started for 
the purchase of a further 38 kg of HEU for delivery in 1990. 

2.2.2. Fuel Management 
During 1989 70 new fuel elements were delivered by the manufacturer 
(CERCA). Transfer of depleted HFR fuel elements to the reprocessing 
facility at Savannah River (USA) has been delayed pending the outcome of 
an environmental impact review. 

At the end of the year one transport vessel containing 42 spent fuel sec­
tions was waiting shipment. Provisions for extension of the storage 
capacity for depleted HFR fuel are being prepared. Details on fuel delivery, 
consumption and fuel disposal are given in Table 3. 

Delivery of new fuel elements 
Delivery of new control rods 
New fuel elements available for use at the end of the year 
New control rods available for use at the end of the year 
New fuel elements charged to the core 
New control rods charged to the core 
Fuel elements depleted 
Control rods depleted 
Depleted fuel elements in pool at the end of the year 
Depleted control rods in pool at the end of the year 
Depleted fuel elements prepared for shipment 
Average burn-up of these fuel elements 
Depleted control rods prepared for shipment 
Average burn-up of these control rods 

70 
13 
37 
3 
55 
11 
75 
13 
117 
23 
35 
50,9% 
7 
50,2% 

2.2.3. Testing of LEU Fuel Elements 
In-core testing of four test elements (provided by two different suppliers) 
containing high density, low-enriched (20% U-235) uranium suicide fuel 
has been continued throughout 1989. The testing programme, which will 
continue up to fuel burn-up levels of 75%, comprises of neutron flux mea­
surements, cooling gap thickness measurements and reactivity measure­
ments during or in-between reactor cycles. 

At the end of the year burn-up levels ranging from 25 to 43% had been 
reached for three of the elements. One test element was damaged during 
handling and has been removed from the reactor in order to evaluate 
whether further irradiation can be justified from a safety viewpoint. The 
test programme will be completed during 1990 after which the elements 
will be subjected to post-irradiation examination. 

2.3. SAFETY AND 
QUALITY MANAGEMENT 

2.3.1. Operational Safety Audit 
The report of the Dutch Licensing Authority (KFD) on their 1988 audit on 
HFR operation was received early 1989. 
The report concluded with various recommendations, related to, amongst 
others, reactor management and administration, quality assurance, and 



20 

training and education of reactor personnel. A working plan has been set 
up for the evaluation and eventual implementation of these recommenda­
tions. 

2.3.2. Renewal of Technical Safety Documentation 
In the context of a future renewal of the HFR Operating License, all techni­
cal safety documents, such as reactor description, detailed safety 
analyses and technical safety specifications are currently being updated. 
On the basis of these technical documents a new "public" design and 
safety report will be submitted to the Dutch Licensing Authorities. During 
1989 the drafts for most of the internal documents have been completed 
and internal review of the documents has been started. 

2.3.3. Quality Assurance 
On the basis of an evaluation, by an external firm, of the existing Q/A pro­
cedures and provisions at the HFR a "Quality Handbook" for HFR opera­
tion has been submitted and approved by the relevant managements. 
Implementation of the more stringent requirements related to Q/A has led 
to a considerable effort in drafting new procedures and instructions. 

2.3.4. Personnel Exposure 
A survey of the registerd annual radiation doses of HFR operating person­
nel is given in Fig. 12. The downward trend in irradiation exposure, which 
commenced after the HFR vessel replacement in 1984 and which also re­
flects the more stringent ALARA principle followed in HFR working prac­
tices, has clearly been continued. 

Fig. 12 
Dose equivalents HFR-operators for the 
period 1975-1989. 

mean dose 

highest dose 

2.4. TECHNICAL 
MAINTENANCE 

1975 1976 1977 1978 1979 1980 19S1 1982 1983 1984 1985 1986 1987 1988 1989 
year 

Inspection, overhaul, repair and replacement of technical systems and 
components has been carried out according to the scheduled reactor 
maintenance programme. Two extended reactor shutdown periods (one 
in March, another in July/August 1989) have been specially devoted to 
major inspec- tion and maintenance activities. Some special items are 
described below. 
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Fig. 13 
Control room of the data acquisition and 
processing system DACOS. 

2.4.1. Mechanical Installations 
— The balcony platform around the pools was replaced and modernized. 
— A new safety cable system along the north and south sides of the 

reactor pool and the storage pool has been installed, in order to improve 
working safety during in-pool inspection and manipulations. 

— Decontamination and derusting of the ion-exchanger drain tanks re­
vealed that a complete renovation of the drain tank system was neces­
sary. Preparations forthis renovation have been started. 

— In view of technical problems with the grid-bar locking system prepara­
tions for introduction of an improved system have been started. 

2.4.2. Instrumentation Systems and Informatics 
— The installation of a data communication network with glass fibre cables 

between the HFR complex and other JRC buildings has been started. 
This will lead to a quick data-exchange between the JRC data system 
and the DACOS system of the HFR. 

— The transient data registration system, newly installed in DACOS, has 
been tested and became operational. The smallest transient interval is 
0.2 s (frequency 5 Hz). 

— At the horizontal beam tube facilities new area radiation monitors have 
been installed. 

2.4.3. Electrical Installations 
— An improved intercommunication system for the HFR complex has 

been installed. 
— Several new cabinets for electrical power distribution have been man­

ufactured and installed. 
— Provisions for connecting the HFR to the renovated emergency power 

station at the ECN site have been installed. During the replacement of 
the emergency diesel generators a standby diesel unit has been installed 
and operated at the HFR site. 

2.4.4. Buildings and Site 
— Technical specifications have been drafted for the renovation of the 
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secondary pump building and the main transfer building adjacent to the 
HFR containment. 

— Plans for a future extension of the HFR building (for storage and transfer 
purposes) have been further developed. 

2.4.5. General Irradiation Provisions 
— The DACOS­system for the acquisition, registration and evaluation of 

irradiation data has been further extended and improved (see also 
2.4.2.). 

— Functional specifications have been elaborated for the development 
and design of an automated gas­mixing system for the temperature 
control of irradiation devices. 

— The BF3­system, by which BF3­gas can be supplied for dynamic flux 
and power control of fuel irradiation devices and which had originally 
been developed for an earlier ECN experiment (POTRA), has been 
converted into a general service system. In June the MOKA­irradiation 
device (exp. D227) has been connected to the BF3­system for opera­

tion at pressures up to 50 bar. 

2.4.6. Standard Irradiation Devices 
— The HIFI isotope irradiation facility has been adapted for easier in­pool 

and in­reactor manipulation. In April the facility has been re­ commis­

sioned by the (successful) test irradiation of two iridium samples. 

2.5. TECHNICAL AND 
EXPERIMENTAL SUPPORT 

2.5.1. Containment Building Leakage Test 
In March 1989 the four­yearly extended leak­tightness test of the HFR 
containment building has been carried out. The internal overpressure 
during the test was 0.5 bar. Prior to the test all procedures and provisions 
related to the execution of the test had been updated and stringently 
documented, in accordance with the new quality assurance system which 
was introduced in 1989. The test was carried out in the presence of re­

presentatives of the Dutch nuclear inspectorate. The test lasted for 24 
hours. An effective leakage rate of 0.052 vol % per day (with a standard 
deviation of 0.005% was measured). This value satisfies the licensing re­

quirement for the HFR containment building, which is that the leakage 
rate at 0.5 bar overpressure should not exceed 0.1 vol % per day. 

2.5.2. Reactor Vessel Material Surveillance ("SURP"­project) 
In orderto study the irradiation induced changes in the material of the HFR 
reactor vessel various aluminium samples are being irradiated in the reactor 
core (pos. H6 and F2) and in the poolside irradiation facility (pos. 4). At the end 
of 1989 (calculated) fluence values have been reached of 1.64 χ 10

26 n/m
2 

(fast, i.e. φ (>0.1 MeV)) and 1.03 χ 10
26 n/m

2 (thermal, i.e. φ (>0.414 eV)). 
These values can be compared to the neutron fluence values to which the 
walls of the core section of the reactor vessel were subjected since the 
vessel was put into operation in 1985. Typical neutron fluence values for 
the vessel wall sections are: 
North 0.28 χ 10

26 n/m
2 fast and 0.72x10

26 n/m
2 thermal 

East 0.83 χ 10
26 n/m

2 fast and 0.94 χ 10
26 n/m

2 thermal 
South 1.27 χ 10

26 n/m
2 fast and 0.99 χ 10

26 n/m
2 thermal 

West 1.64 χ 10
26 n/m

2 fast and 1.03 χ 10
26 n/m

2 thermal 

Several neutron fluence monitors have been removed and replaced from 
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the SURP irradiation devices during 1989 but the analysis of these and ear­
lier withdrawn monitors has not yet taken place. 

2.5.3. In­Service Inspection 
The final report on the in­service inspection of the reactor vessel, carried 
out in 1988, has been completed and submitted to the relevant review 
bodies. The next in­service inspection is foreseen for 1992. 

T~Z ι iprRADIMr AMD 2.6.1. Replacement of Pool Heat Exchanger 

MODIFICATION PROJECTS Objective: 
To increase the heat removal capacity of the pool cooling system in order 
to maintain an acceptable (> 38°C) pool temperature during summer con­
ditions in case of a future HFR power increase. 

Progress: 
The new pool heat exchanger was installed in March 1989. An extensive 
testing program for measuring pressure drops and heat removal capacity 
was carried out with positive results. All associated technical documenta­
tion has been completed. 

2.6.2. Replacement of Beryllium Elements 

Objective: 
Replacement of the original elements became necessary due to mechan­
ical damage and local deformations caused by a combination of handling 
and of irradiation induced embrittlement. 

Progress: 
All new in­core elements have been delivered at the end of 1988. A Design 
and Safety Report has been written and reviewed by the Reactor Safety 
Committee. At the end of 1989 introduction of the elements in the reactor 
core started. 

2.6.3. Introduction of a Second Reactor Power Safety Protection 
System 

Objective: 
To provide redundancy and diversification for the present 3­channel flux 
protection system. 

Progress: 
The manufacture of the new system was completed in 1988. In 1989 the 
system was installed and tested without being incorporated in the safety 
interlock system. Pending approval by the various safety bodies this incor­
poration will take place in early 1990. 

2.6.4. HFR Control Room Upgrading 

Objective: 
Reconfiguration and upgrading of HFR control room functions and equip­
ment in order to replace outdated components and to introduce modern 

. ergonomie principles with regard to information access and display. 
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Progress: 
As part of the design study a report has been submitted, adapting earlier 
specifications to the required modular renewal which is to be realized in 
several phases. 
The next step in the preparation phase comprises the compilation of all re­
quired functional and technical specifications. 

2.7. NUCLEAR SUPPORT 2.7.1. HFR Core Characteristics 

Nuclear Heating Measurements (TRAMP-project, RX 161) 
A comprehensive series of measurements on the nuclear heating in several 
irradiation positions was carried out in 1986 and 1987. The data have been 
reported in ECN 88-104 and ECN 88-105. Detailed information on the 
heating values in graphite, stainless steel and aluminium became available. 
Additional measurements have been performed during cycle 89.04 (posi­
tion E7). During the handling afterwards the measuring device became de-

Fig. 14 
Vertical relative thermal and fast fluence 
rate distributions at the north side of the 
reactor (measured between the beryllium 
reflector and the core box wall). 

T H E R M A L 
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fective. A new calorimeter type device is being designed which also fits in 
the new (72 mm bore) filler elements. 

2.7.2. Fuel Storage Analysis 
A study was made to improve the facilities for storage of fuel elements 
and control rods. Many reactor physics calculations were performed to 
analyse the criticality aspects of various geometries under different condi­
tions with old and new computer code packages. 
Reports for submission to the Reactor Safety Committee have been pre­
pared and the required actions were taken. 

2.7.3. User Support 

Neutron Flux Characterization for the BNCT-Facility 
In connection with plans for the design and construction of a BNCT (Boron 
Neutron Capture Therapy) facility at HB11 of the HFR, thermal and fast 
neutron fluence rate measurements and neutron spectrum adjustments 
have been performed for the entrance of HB11, as part of a feasibility study. 

Figure 14 shows some vertical fluence distributions. The activation moni­
tor holders were always positioned in the wedge-shape channel between 
two beryllium assemblies and the core box wall. Since HB11 is not yet 
available for an optimalisation study on filtered beam parameters, the 
smaller beam HB7 was used. Several neutron spectrum measurements 
have been performed in the period July-September, to validate neutron 
spectrum data calculated by AERE Harwell. 

Three different core configurations have been envisaged with various 
occupations of the core positions F9, G9 and H9: Be/Be/Be, AI/AI/AI and 
AI/F/AI in which Be, Al and F stand for a beryllium reflector assembly, an 
aluminium filler assembly and a fuel assembly respectively. Figure 15 
shows the neutron spectrum at the entrance of HB7 for configuration 
AI/AI/AI. 

Fig. 15 
Adjusted neutron spectrum valid for 
the entrance of HB7. 
Core configuration AI/AI/AI. 

10 to 10 

CNERCT / HEV 
10 
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2.7.4. Methods Development 

Neutron Fluence Monitor Development 
In order to limit the radiation from activated fluence monitors even after 
very long irradiation periods, a choice was made for a far­reaching miniatu­

risation of monitors and if needed the application of diluted materials. So 
the preparation of a standard monitor set (figure 16) led to handling, 
weighting and encapsulation of very small pieces of material, i.e. nickel­

cobalt monitors with diameter of 0.1 mm, a length of 1 mm and a mass of 
0.07 mg. 

Asa result from the collaboration in the Subgroup Monitor Materials of the 
Euratom Working Group on Reactor Dosimetry (EWGRD) between JRC 
Geel (Central Bureau for Nuclear Measurements) and ECN, the develop­

ment has started on a new vanadium alloy monitor containing 1.5% tita­

nium, 1 % iron, 0 . 1 % nickel and 0.0005% cobalt. JRC Geel has just finished 
the preparation of a wire (diameter 1 mm) of the new materials. 
Irradiations in the HFPIF are planned to measure the homogeneity of the 
alloy. In case of succes, 4 monitors, under which the very small nickel­cobalt 
monitor, are replaced by one monitor with a length of 5 mm. 

Revision of Nuclear Data 
A complete revised version of the Nuclear Data Guide has been presented 
at the 54th meeting of the EWGRD at Petten. The report has been pub­

lished as a EUR report. 

Fig. 16 
Monitor set. 
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27 3.HFR UTILIZATION 

In 1989 the average occupation of the HFR by experimental devices was 
72% of the practical occupation limit. 
A list of irradiation projects is given in Table 4. Results are discussed 
below for each of the programme sectors. 

3.1. LIGHT WATER REACTOR 
(LWR). FUELANDSTRUCTURAL 
MATERIAL IRRADIATIONS 

The LWR irradiation programmes in the HFR address primarily fuel irradia­
tion experiments with pre-irradiated fuel rod segments (rodlets) emanating 
from commercial power reactors (BWR and PWR). 
Since 1976 more than 250 pre-irradiated LWR fuel rods have been tested 
in the HFR in various programmes. The basic theme of the investigations 
of the fuel rods concerns, in most cases, the behaviour of the fuel rod 
under power transients and/or power cycling. The latest test series ad­
dressed the dynamics of transient effects. As these tests required more 
and better instrumentation, as well as more refined techniques for opera­
tion in the HFR and for the pre- and post-irradiation examination, the 
number of test per year has been gradually reduced from approx. 30 tests 
to a number around 10 tests. 

The major topics of the 1989 LWR fuel irradiation programmes are: 
— fuel rod behaviour at extended burn-up 
— transient fission gas release 
— restructuring of fuel at constant temperature operation 
— irradiation behaviour of PHWR fuel 
— iodine release under simulated in-pile LOCA conditions. 

Most of the above irradiation programmes required new test devices, 
therefore, most of the 1989 activities were related to development work 
on the new irradiation devices. It is anticipated that most of the new test 
devices will become operational during the first part of the next reference 
period and contribute to an increase of the HFR utilization. 

Together with a member of the CEC Delegation in Tokyo and the HFR 
Division agent in Japan for HFR irradiation services (Nissho Iwai) approx. 
12 Japanese institutes and industry were visited and informed about the 
HFR capabilities related to LWR fuel testing. 

D125, D176, D178, D201. Power Ramp Tests of Pre-irradiated LWR Fuel 
Rods 7., 2., 3. 

The main purpose of these tests is to investigate the PCI (Pellet-Cladding 
Interaction) phenomena, which may lead to a fuel rod failure when an 
irradiated fuel rod is exposed to a fast power increase and large power 
step. 

During 1989 the development and preparation of the "low power" BWFC 
capsule and the re-instrumentation technique for pre-irradiated fuel rods 
were continued. 

Fig. 18 provides an overview of the in-cell assembly device for the re-in­
strumentation of pre-irradiated LWR fuel rods. 
The post-irradiation examinations on 24 fuel rods were finalized at the 
Petten hot cells. All fuel rods were then transported to the SIEMENS UB 
KWU hot cells. 
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