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FOREWORD 

The year 1997 was the second year of HFR operation under Its new structure and with its 
new programme. Due to the strong reduction in staff numbers in 1996 the more co-ordinated 
new structure involved a re-organisation of JRC and ECN staff, producing a team. 

The new programme has continued to increase the medical orientation of the reactor, with 
respect to "Medical Valley", unique in Europe. The HFR reactor Is the leader In Europe for 
radioisotope production and about 5 million European citizens are annually treated using 
medical radioisotopes produced by the HFR. 

The main event of 1997 has been the start of the clinical trial of BNCT, with the first patient 
receiving treatment in October. After many years of experimentation and juridical work, we 
have arrived at a very Interesting junction with promising research for treatment of an illness, 
which annually kills about 15,000 European citizens. 

This very important event, described in various newspapers and shown by several European 
TV-stations, should be seen as just one of the many other good results including: 

282 days of operation, 

the successful completion of another ultrasonic test of the vessel, 

a problem-free operation of the plant, 

maintenance and upgrading work, 

81% occupation of the plant by a variety of experiments in various fields, 

upgrading of neutron beams, etc... 

Indeed our society is increasingly faced with new challenges and opportunities, many of them 
are driven by scientific and technological developments, and our reactor has in Europe an 
important role to play In this field. Furthermore, the prevailing world of economics is also 
effective in our work and we will continue more and more, our world-marketing strategy and 
our continuous adaptation to market forces and the needs of the European citizens. 

J.GUIDEZ 

HFR UNIT Head 





INTRODUCTION 

The High Flux Reactor (HFR) Petten, belonging to the Institute for Advanced Materials (1AM) 

of the Joint Research Centre (JRC) of the European Commission, is one of the most powerful 

multi-purpose materials testing reactors in the world. 

The HFR is of the tank-in-pool type, light water cooled and moderated and operated at 45 
MW. In operation since 1962, and following complete refurbishment in recent years, the HFR 
still has a technical life beyond the year 2015. 

The reactor provides a variety of irradiation facilities and possibilities [1,2]: in the reactor core, 
in the reflector region, in the poolslde. Horizontal beam tubes are available for research with 
neutrons. Gamma irradiation facilities are also available. Excellently equipped hot cell 
laboratories, on the Petten site, can virtually provide all envisaged post-irradiation 
examinations. 

The close co-operation between the Joint Research Centre and the Netherlands Energy 
Research Foundation (ECN) on all aspects of nuclear research and technology is essential to 
maintain the key position of the HFR amongst research reactors world-wide. This co-
operation has lead to a unique HFR structure, in which both organisations are involved with 
the aim to adopt a more market oriented approach and offer their long standing and 
recognised competence In exploiting a powerful, reliable set of nuclear facilities to world-wide 
interested parties [3]. 

HFR is also in the core of the Medical Valley association. This association between IAM, 
ECN, Malllnckrodt and hospitals leads to a medical structure unique In the world. 

6 



TARGETS AND ACHIEVEMENTS IN 1996/99 

PROGRAMME TARGETS 

The Council Decision, concerning the adoption of a Supplementary Research Programme 

and related financial contributions for the HFR in the period 1996/99, fixed as objectives: 

- Reliable exploitation of the HFR, operating the reactor for more than 250 days per year, 
with full management of the fuel cycle, control of safety and quality. 

Rational use of the HFR in a broad range of disciplines, enhancing its multi-purpose 
character: 

� Assure radioisotopes production and supply to radio-pharmaceutical industries, to 
foster the development of nuclear medicine within the European Union to ensure 
human health protection; treatment of certain forms of cancer using neutrons and 
related research (BNCT). 

� Experimental irradiation of materials for fission and fusion reactors, within the 
framework of the common policy relating to the field of science and technology, being 
this the principal means available to the European Atomic Energy Community to 
contribute to a safe use of nuclear energy. Applications of neutrons in research in 
solid-state physics and materials science, neutron-radiography as non-destructive 
testing method. 

Funding comprises: 

- Supplementary Programme, contributions from: The Netherlands, Germany, France 

- JRC Programme, participation in community programmes 

- Shared Cost Action Programmes 

- Contractual work for external third parties. 



ACHIEVEMENTS & HIGHLIGHTS 

The main targets of the HFR Programme have been achieved. Highlights are given in the 
following paragraphs. 

The new HFR Organisation 

Since 1s' January 1996, the new HFR Unit structure comprises both JRC and ECN personnel 
functionally grouped into two areas: Marketing & Projects (JRC) and Operation & Services 
(ECN), as shown in Figure 1. The total staff number directly working in the HFR is 100 (29 
JRC, 71 ECN). The lean structure provides many advantages: elimination of internal 
overheads, streamlining of procedures; reduction of staff costs, direct exchange of information 
between responsible persons. Other services that are available at Petten, for HFR activities, 
Include in particular: hot cell laboratories, workshops, assembly, commissioning, non
destructive examinations, dosimetry service, etc. This arrangement reduces costs and offers 
an efficient and competitive service package to customers. 

HFR Unit Head 

I 
Management Team 

Marketing & Projects 
Structural 
Materials & 
Radioisotopes 

Nuclear Fuel, 
Blanket Materials, 
Actinides, BNCT 

Fuel cycle, Licence and 
Quality Management, 
Financial Control 

Operations & Services 
Operations, 
Health Physics 

Support, 
Mechanical, 
Electrical 
Instrumentation 

Figure 1: The new HFR Organisation 
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Figure 2: Joint HFR Unit structure 
(JRCECN) 
100 staff, reduction of 30 % as compared to 1995 
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Budget 1997 

The budget for 1997 included: 8.5 MECU from The Netherlands, 1.5 MECU from Germany, 
0.3 MECU from France and approx. 6.2 MECU from JRC Framework Programme, Shared 
Cost Actions and Third Party Contracts. 

33% 

10% 

1997 Income (%) 

55% 

'Netherlands Contribution 

'German Contribution 

n
 French Contribution 

n
Competitive (Third Party & 
Shared Cost Actions & 
Framework programme) 

Figure 3: 1997 HFR Income 

21% 

40% 

1997 HFR Expenditure (%) 

N39% 

D
Fuel Cycle & 

Maintenance 

D Staff 

Hlnvestments & Materials 

Figure 4: 1997 HFR expenditure 



Operation & Utilisation 

In 1997 the HFR was in operation for 282 days, with an average utilisation of 81 %. 

The main event was the irradiation of the first patients in the BNCT facility. 

HFR remains the leading European radioisotope supplier. 

On the materials side, HFR has kept Its main role In the irradiation testing for the Fusion 
reactor community. 

New series of experiments on transmutation of actinides and fission products were performed 
successfully in a large European collaboration. 

The AMES project (Ageing Materials Evaluation and Studies) continued with the LYRA rig 
irradiation. 

Neutron beams were updated with new programmes. 

100 

80 

5 60 

s 
te 

40 

20 

λ' 
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"A A -

♦ ♦ 

▲ Total HFR utilisation 

■ HFR Supplementary Programmes 

φ Third Party, SCA & FW Programmos 

2 4 6 8 10 
HFR cycle number in 1997 

12 

Figure 5: HFR utilisation ¡η 1997 

Fuel 

Front end: Fuel supplies assured for the entire HFR programme period. 

Back end: Four containers were ordered for storage of spent fuel on the COVRA site 
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HFR: THE REACTOR 

HFR OPERATION AND RELATED SERVICES 

In 1997 the regular cycle pattern consisted 
of a scheduled number of 274.7 operation 
days and two maintenance periods of 15 
and 45.3 days. In reality the HFR has been 
In operation during 282 days, Figure 6 and 
Table 1, closely following the scheduled 
operation programme. This corresponds to 
an overall availability throughout the year 
of 103.7 % with reference to the scheduled 
operation plan. Nominal power has been 
45 MW with a total thermal energy 
production of about 12737 MWd, 
corresponding to a fuel consumption of 
about 15.9 kg U-235. 

At the beginning of the reporting period, 
the HFR was in operation for the 
completion of cycle 96.11, which ended on 
January 06, 1997. Since then the HFR 
operated for 10 complete cycles. 
Preceding the actual reactor start of HFR 
cycle 97.03 the yearly operator-training 
programme was performed. In order to 
provide Irradiation capacity for Isotope 
production during the summer period and 
to fill a gap in the European supply, the 
usual number of full power days of HFR 
cycle 97.04 was increased, which the 
regular cycle pattern was shifted foreword. 
To fulfil dedicated measurements at a 
horizontal beam tube, HFR cycle 97.06 
was extended with approx. 10 minutes. 
With the intention to provide as much 
irradiation time as possible and to 
compensate possible unscheduled loss of 
operating time, most cycles were started 

well In advance. At the end of the reporting 
period cycle 97.11 was still in progress. 
This cycle Is scheduled for completion on 
January 05, 1998. The operational 
characteristics for 1997 are given in Table 1. 

A special operation run, at low power, was 
carried out for the FLUX '97 programme 
on which the flux pattern Is checked as 
part of the license requirements. 

Regular reactivity measurements of 
irradiation experiments have been carried 
out. An example of a typical core loading is 
shown in Figure 7. 

In 1997 a total of 9 power deviations from 
nominal power occurred. None of these 
were scheduled, but all were related to 
technical failures, human interactions or 
experiment related events. Detailed 
characteristics of all power disturbances 
are given in Table 2. 

The increase of the number of operations 
at the HFR pool is reflected in a slight 
Increase of the collective dose of all HFR 
staff, see Figure 8. 

As usual, the HFR has been visited by 
national and international colleagues from 
both scientific as well as technical 
institutes. In 1997 a total of 114 tours with 
980 participants were carried out. 

11 
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Figure 6: HFR operational record from 1962 to 1997 

Table 1 : 1997 Operational characteristics 

Cycle 

Begin-End 

1997 

01.01-6.01 

07.01-03.02 

04.02-03.03 

04.03-31.03 

01.04-11.04 

12.04-12.05 

13.05-09.06 

10.06-07.07 

OS.07-18.0S 

19.08-15.09 

16.09-13.10 

14.10-10.1 1 

11.11-08.12 

09.12-31.12 

H F R 

Cycle 

96.11 

97.01 

97.02 

97.03 

Generated 

Energy 

[MWd] 

255.04 

1141.35 

1140.94 

1115.23 

O P E R A T I N G T I M E 

Planned 

llirsl 

136 

592 

592 

576 

Low Power 

|Ii.mini 

01.37 

02.19 

02.51 

Nominal 

Power 

[11.mill] 

136.00 

607.12 

607.58 

591.38 

Other Use 

|h.mill] 

27.00 

Total 

|h .mini 

136.00 

608.49 

610.17 

621.29 

Maintenance period 

97.04 

97.05 

97.06 

1312.93 

1134.23 

1132.15 

664 

592 

592 

01.53 

05.06 

02.47 

699.37 

601.14 

603.16 

01.35 

701.30 

607.55 

606.03 

Maintenance period 

97.07 

97.08 

97.09 

97.10 

97.11 

TOTAL 

Percentage o 

Percentage of piai 

* Figure taken for total c 

1150.98 

1138.57 

1140.18 

1145.20 

930.28 

12737.08 

'total time in 

ned operating 

ycle 

592 

592 

592 

592 

480 

6592 

997 18760 h) 

ime (6592 h) 

06.17 

02.53 

02.17 

02.12 

02.33 

32.45 

0.4 % 

0.5 % 

611.23 

606.48 

608.03 

608.48 

495.24 

6777.21 

77.7 % 

102.8 % 

— 

28.35 

0.33 % 

0.43 % 

Due to release 

617.40 

609.41 

610.20 

I . 

497.57 

6838.41 

78.1 % 

103.7 % 

of evaporate A 

S H U T D O W N T I M E 

Planned 

lli.min] 

08.00 

63.11 

61.43 

49.28 

264.00 

42.30 

64.05 

65.50 

1008.00 

54.00 

62.15 

1,1 40 

61.00 

53.57 

1920.39 

2 1 . 9 % 

Unscheduled 

Ih.minl 

00.03 

Number »Γ 

Interruptions 

1 

Stack 

Release 

(ofAr- l l l 

IGBql 

1057* 

1021 

741 

1061 

00.07 

2 

1 

959 

396 

1321·» 

00.20 

00.04 

00.06 

00.40 

0.01 'i 

3 

1 

1 

9 

r-41 during evacuation of the BNCT-argon Π 

931 

617 

747 

631 

9842 

ter 
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Table 2: 1997 full power Interruptions of HFR 

DATE 

¡997 
Mar 24 

Mav 15 
May 17 

June 22 
Aug 21 

Aug 22 
Sep 01 
Sept 11 
Oct 01 
Dec 11 
Dec 11 

TIME 
O F 

ACTION 

hour 
03.04 

22.08 
01.05 

03.27 
23.49 

20.53 
14.29 
13.26 
13.49 
13.50 

RESTART 
OR POWER 
INCREASE 

hour 
03.07 

23.35 
01.09 

03.34 

00.18 
21.04 
14.38 
13.30 

13.56 

1 1 ending In : 
1 Automatic shut-down AS 
2 Manual shut-down Mi 
3 Automatic power decrease AP 
4 Manual power decrease Ml 

NOMINAL OR 
ORIGINAL 

POWER 
hour 

03.2.3 

23.37 
01.13 

03.52 

00.2.3 
21.15 
14.53 
13.40 

14.08 

ELAPSED TIME T O 
RESTART OR NOMINAL OR 

POWER ORIGINAL 
INCREASE POWER 

h.niin 
00.03 

01.27 
00.04 

00.07 

(XI.29 
00.11 
110.09 
00.04 

00.07 

h.mm 
00.16 

01.29 
00.08 

00.25 

00.34 
1X1.22 
00.24 
00.14 

1X1.19 

2 Related In · 
1. Reactor 
2. Experiment 
3. Auxiliary system 

I 

AS 

MP 
AP 

AS 
MP 

AS 
AS 
AS 
AP 
MS 

R 
E 
A 

)ISTURBANCF 
CODE 

2 

MW 
0 

20 
40 

0 
30 

0 
0 
0 
30 
0 

R 

E 
A 

A 
E 

E 
E 
E 
R 
A 

3 

H7I 

R 
I 

E 
R 

E 
I; 
E 
I 
I 

REACTOR 
SYSTEM OR 

EXPERIMENT 
CODE 

Safety channels 

304-01 
Vessel wall coolant ■ 

PSF coolant system 
267-01 

PSF coolant svslein 
PSF coolant system 
PSF coolant system 

Primary cooling 
Secondary cooling 

3. CaustL: 
• Scheduled 
• Requirements 
• Instrumentation 
• Mechanical 
• Electrical 
• human 

COMMENTS 

Safely setpoint exceeded due to 
power demand failure 

Removal of LYRA shielding rack 
Disturbance during changing over 

of coolant pumps 
Failure of fuse 

Experimental requirements during 
manipulation 

Failure of fuse 
Failure of fuse 
Failure of fuse 

Inlet temperature setting exceeded 
Electrical disturbance in automatic 

filler system 

S 
R 
1 

M 
E 
H 

Ï ÏS ÍES? H F R Loading for cycle : 97,10 P.S.F. NW02 

1 

2 

3 
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Figure 7: HFR Loading scheme for cycle 97.10 
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Collective dose-equivalent ofall HFR personnel 
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FUEL CYCLE 

Front End: During 1997 new fuel 
elements and new control rods were 
Inspected at the manufacturer's site and 
delivered on schedule. Further deliveries 
were ordered. Fuel supply until the end of 
the present programme (December 1999) 
is assured. Plans for supply after that 
period are being implemented. 

storage facility in the pool under the 
Dismantling Cell. At a later stage spent 
fuel elements and control rods will be 
transferred to the Dutch Central 
Organisation for Radioactive Waste for 
storage and final disposal. 

The first containers needed for transport 
and temporary storage of the elements 
were ordered, Figure 9. 

Back End: An Important number of spent 

fuel elements were cut down to transport 

lengths and stored in the special Interim 

Figure 9: MTR-2 container for transport and temporary storage of spent HFR fuel elements. 
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HFR MAINTENANCE 

Containment Leak Tightness Test 

The yearly leak test of the containment 
building was carried out successfully at 0.2 
bar for 24 h. The test results showed that 
the leak rate was within the prescribed 
limits. 

In-Service Inspection 
Vessel 

of the Reactor 

Secondary cooling water system 

Following drainage of the secondary 
cooling water system during the spring 
shut down period, the system has been 
Inspected and repaired. One of the 
secondary system pumps has been 
overhauled, revised and installed again. 
After completion, a second pump has been 
overhauled, which will be revised In 1998. 

The three-years-interval In-service inspec-
tion of the reactor vessel has been carried 
out according to the prescribed proce-
dures, comprising: 

� Ultrasonic and eddy current testing of 
the walls and the representative welds 
of the core box. 

� Dimensional checks of all significant 
dimensions of the core box and 
reactor vessel. 

� Visual inspection of the welds and 
reactor vessel surfaces. 

� Surface dye penetrant check on the 

side lids and deflectors. 

All components were disassembled and 
assembled without problems. No damaged 
components were found. The results of the 
in-service inspection confirmed the good 
status of the HFR vessel. 

PSF cooling water system 

The increasing demand of radioisotope 
production has necessitated the extension 
of the number of cooling water strings for 
the Pool Side Facility from 22 to 40 strings. 
For this purpose, a new cooling water 
system has been designed, which will be 
realised in 1998. In order to fulfil the 
immediate needs, a temporary extension 
of the cooling water has been realised in 

1997, increasing the number of cooling 

water strings to 28. 

Informatie tools 

HFR-SAP 

HFR-SAP is a computer program, 
designed and written by ECN-EE/IE. Its 
database contains all objects and all 
storage positions In the HFR. The program 
consists of three main parts: 

� The maintenance module, used to 

add, change and delete objects and 

storage positions; 

� The transfer form module, used to 
generate, change and delete transfer 
forms. These forms are made for the 
operations group to move objects 
between positions. The program 
controls the revision number on the 
forms; 

� The list module, used to make listings 
of the contents of the database. The 
listings are fit to the use they are made 
for. 

After an extensive testing period the 
program was put into use on 1 January 
1998. 

HFR-WIM S 

HFR-WIMS is close to its completion. All 
software modules are made and tested 
and all necessary models are present. The 
synthesis of the modules into one 
calculation tool is planned to be completed 
in the first half of 1998. 

DACOS 
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DACOS is the data-acquisition system 
used in the HFR. In 1997 VAX machines 
replaced the old front-end machines (PDP-
11). Apart from the work done to get the 
hardware running properly a large effort 
was put in the re-writing of the software. 

Now this work is completed all software is 

on the same operating system level and all 

hardware Is up-to-date. 

SAFETY AND QUALITY MANAGEMENT 

The Operation and Services of the HFR 
carried out by ECN, succeeded in the 
certification of a Management System 
according to ISO 9001 standard. 
The certification process of IAM Is still on 
schedule, which should result in the 
certification of the entire HFR Unit in 
October 1998. 

In the framework of the certification of all 
HFR activities several dedicated 
implementation meetings have been 
organised and several internal as well as 
external audits have been performed. 

At the end of 1997 the operation and 
utilisation of the HFR have been subjected 
to an extended audit by the Dutch Nuclear 
Authorities (KFD). Since the quality 
systems of both ECN and JRC have been 
extended in order to comply with ISO 
9001, harmonisation of the HFR Unit 
Quality Manual to both quality systems is 
needed. The majority of the corrective 
action requests are related to the above 
mentioned need for harmonisation. 

In agreement with KFD it has been 
decided to complete the Earthquake 
evaluation of the HFR based on NRC 100 
rules and regulations. In close co-
operation with the Royal Dutch 
Meteorological Institute (KNMI) the earlier 
defined Design Base Earthquake has 
been adapted to artificially induced 
earthquakes due to gas exploration. All 
necessary computer models are being 
prepared. The presentation of the final 
report is planned for April 1998. 

In view of an anticipated formal 
recommendation of the Dutch Nuclear 
Authorities and today's licensing policy an 
extended safety re-evaluation of the HFR 
is in preparation. The objectives of the 
safety re-evaluation will include the 
assessment of the safety level of the HFR 
with respect to well established design and 
operating practices in order to assure safe 
operation conforming to the above 
mentioned design and operating practices 
for the next ten years. 

The scope of this safety re-evaluation 
being agreed with KFD, will consist of an 
evaluation of the Technical, Operational, 
Personnel and Administrative provision 
with respect to the nuclear safety and 
health physics aspects of the operation 
and utilisation of the HFR. 

The present status of the HFR's 
environmental management measures 
have been Investigated. Additional 
measures and corrective actions for further 
Improvement of a dedicated Environ-
mental Care System have been indicated. 

Nine positive advices related to the HFR 

experiments were issued by the Reactor 

Safety Committee. 

No events occurred that should have been 
reported to the Dutch Nuclear Authorities. 

Furthermore, HFR staff participated in 

IAEA's Consulting Meeting on Extended 

Shutdown and Mothballing of Research 

Reactors. 
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HFR: THE EXPLOITATION 

In 1997 the HFR utilisation was about 81 % of the practical occupation limit. The reactor was 

utilised along the two main lines listed below and as shown in Figure 10: 

- At the service of the public, Improving the quality of life, in particular for: 

� Radioisotopes production 

� Boron Neutron Capture Therapy BNCT 

- At the service of the technology, In particular for: 

� Fission reactor technology 

� Fusion reactor technology 

� Neutron diffraction applications in materials science 

� Others (neutron radiography, gamma irradiation, activation analysis, etc.) 

16% 

HFR Utilisation 

,26% 

32% 

DFission 

DFusion 

D Radioisotopes 

DBNCT& neutron 

beams 

DOthers 

Figure 10: HFR utilisation spectrum In 1997 
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HFR, AS A TOOL FOR NUCLEAR MEDICINE 

Radioisotopes Production 

Income from Radioisotope Production 

1993 1994 1995 1996 1997 

Year 

Figure 11 : Development of income from radioisotope production at the HFR 

The Situation of the Radioisotopes 
Market Today 

Today over 200 different radioisotopes 
produced either in reactors like the HFR or 
in cyclotrons improve the quality of life for 
patients all over the world. They play an 
important role in the diagnosis and the 
treatment of various diseases. Therefore, 
an adequate and consistent supply of 
radioisotopes is, and will continue to be, 
essential to maintain diagnostic, treatment, 
and research capabilities of today's 
medical world. The use of radioisotopes in 
medicine, as well as In industry, is still 
growing. For these reasons it is vital to 
guarantee the continuity of supply of 
radioisotopes from the HFR for the citizens 
of the European Union and beyond. 
Requests from new potential clients do not 

only come from within the EU but also 

increasingly from the American and other 

markets. 

For years now, the HFR in Petten has not 
only been a 'European tool for nuclear 
medicine' but an 'international tool' for 
different areas In research and industry [4, 
5]. Its leadership was confirmed again in 
1997 by an Increase In the amount of 
irradiations for the production of 
Molybdenum and various new materials. 
Figurei 1 illustrates the evolution over the 
last five years of production and Figure 12 
shows the distribution of the main 
radioisotopes produced in 1997. 
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12% 
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''iridium 
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nOthers 

Figure 12: Total share for various radioisotopes in production at the HFR In 1997 

Continuity and Improvement 

The availability of the reactor, and 
moreover the reliability of its operating 
schedule, allows the HFR customers to 
plan their production or their research in 
advance. Other major strong points of the 
HFR as a radioisotope supplier are the 
quality of offered services, good contacts 
with the customers and quick response to 
customer requests. In order to Improve the 
quality of services and the end product, a 
new clean laboratory has been built. The 
laboratory is used for storage and 
encapsulation of the material to be 
irradiated and it has been designed to 
meet at least ISO 9001 standards. 
Therefore, preirradiation services of can 
and target holder loading, as well as can 
welding and testing have been further 
Improved. This also Includes the post
Irradiation services of decanning, cleaning 
of irradiated materials, welding of target 
containment and special form 
containment. 

As shown above it can be expected that 
the production of radioisotopes will 
continue to Increase as in previous years. 
The production of Molybdenum will 
increase even further, now that the 
Molybdenum plant on the Petten site being 

in full operation. For this reason two new 
devices for Irradiation of Molybdenum 
were developed In 1997. The increase in 
the Molybdenum production does mean 
that more PSF positions are occupied. 
However, in order to guarantee higher and 
consistent flux positions, a new ¡ncore 
device was made operational in 1997. 
TIRO can be loaded and unloaded at any 
time during a reactor cycle. Further 
devices that were developed In 1997 and 
will be operational In 1998 also Include a 
new underwater handling table In the HFR 
pool for storage of irradiation cans directly 
after unloading, and a selfrotating gamma 
irradiation facility. TIRO will be 
complemented by FARO, which has the 
same properties but is tailored for a fast 
neutron flux Irradiation. 

New facilities becoming available In 1998: 

• FARO (¡ηcore Fast Flux Irradiation 
device) 

• Rotating gamma irradiation device 

• Two new devices for molybdenum 
production 

• New underwater handling table In HFR 
pool for radioisotopes 
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Table 3: 1997 Radioisotopes Production in figures 

Facilities 

Route Type 

Activation 

Fission 

Total 

26 
(12 different types) 

8 
(2 different types) 

Average used 
in 1997 

12 

6 

Average Neutron Flux in the 
targets (1018 m V ) 

Thermal 

2.5 

1 

Fast 

(E>0.1 MeV) 

1.2 

Total number of "targets" irradiated: about 3000. 

Table 4: Routine Products and Applications 

Product 
Strontium-89 

lridium-192 

Molybdenum-99 (technetium-99m) 

Ytterbium 

Yttrium-90 

Sulphur-33 

Phosphorus-32 

Iridium/platinum wires - lr-192 

Rhenium-186, -188 

Samarium-153 

Cobalt-60 

Tin-117 

lodine-125,-131 

Calcium-47 

Gold-198 

Chromlum-51 

lron-59 

Rubidium-86 

Erbium-169 

Palladium-103 

Application 
Pain palliation of bone metastasis from prostate cancer 

Brachytherapy 

Diagnosis, virtually for all organs 

Therapy 

Pain palliation, liver cancer 

Therapy 

Skin angiomas, lymphatic system 

Brachytherapy 

Pain palliation in bone cancer 

Pain palliation in bone cancer 

Teletherapy 

Pain palliative for bone cancer 

Radioimmunoassay, thyroid imaging and therapy 

Calcium metabolism 

Scintigraphy, neoplasm treatment 

Radiolabelling of red blood cells 

Measurement of iron absorption 

Coronary blood flow studies 

Sinoviorthesls 

Prostate cancer 

Table 5: Typical Yields reached (end of irradiation) 

Product 

Molybdenum-99 

Average yield per gram of U-235 

lridium-192 

Strontium-89 

Yttrium 

Yield 
[Ci/g] 
350 

400-650 

0.3 

32 

[TBq/g] 

13 

1 5 - 2 4 

0.011 

1.2 
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Boron Neutron Capture Therapy - BNCT 

Euphoria 

After years of promise, great effort, sweat 
and tears, the first European clinical trial of 
BNCT for cancer patients was able to start 
in October 1997 [6]. Of the 40 patients 
who will be treated at the facility at the 
HFR in the coming 3 years of the trial, the 
first patient came from Graz In Austria. 
The patient arrived at Schiphol on 25th 

October and was accompanied by his wife 
and neurosurgeon, Dr. Klaus 
Hazelsberger. From Schiphol, the group 
travelled to the University/Academic 
Hospital "Vrije Universiteit" (AZVU) in 
Amsterdam, where the patient would stay 
during his time in The Netherlands. On 
Monday, 27lh October, the patient travelled 
to Petten (plus wife, neurosurgeon, AZVU 
nurse and ambulance/taxi driver) for the 
first of 5 visits (Monday through to Friday). 
At the HFR, the group was met by doctors 
Wolfgang Sauerwein and Kati Hldeghéty, 
both radiotherapists from the University of 
Essen, who are responsible for the patient 
and the treatment at Petten. The 
supporting scientific and technical staff, 
consisting of a joint undertaking between 
JRC and ECN staff, comprised of some 12 
persons. The week's treatment went well, 
with no medical, scientific or technical 
problems. 

At the end of the year, 3 patients had been 
treated. Due to the nature of brain tumour 
treatment by radiation, and as this is an 
experimental trial, it would be imprudent 
and careless at this stage of the trial, to 
give any Indication of the outcome of the 
treatment. Such statements might only be 
possible towards the end of the trial 
sometime in 1999. 

The Clinical Trial 

BNCT Is based on the ability of the Isotope 
10B to capture thermal neutrons and to 
disintegrate instantaneously producing two 
high Linear Energy Transfer (LET) 
particles, i.e. a He (a particle) and Li ion, 
which have a joint high kinetic energy of 
about 2.5 MeV and a very short range in 
tissue of about 10 μιτι [10B(n, a)7Lij. Such 
reactions, when produced selectively in 
tumour cells, open an effective new 
modality for cancer treatment. Following 

years of Intensive research worldwide and 
at Petten, additional financial support from 
the Biomedlcine and Health Research 
programme (BIOMED II) of the European 
Commission enabled the start of the 
clinical trial of BNCT for glioblastoma 
multiforme (the most aggressive form of 
brain tumour). 

The trial ¡s a Phase I study with the 
principal aim to establish the maximum 
tolerated radiation dose and the dose 
limiting toxicity deriving from the irradiation 
itself or from the drug, sodium borocaptate 
(BSH), under defined conditions, [7]. It is 
the first time that a clinical application 
could be realised on a completely 
multinational scale, whereby a unique 
facility available for BNCT Is localised in 
one country (The Netherlands) [8, 9] and is 
operated by an international team of 
experts under the leadership of a German 
radiotherapist, treating patients coming 
from different European countries, see 
Figure 13. It was therefore necessary to 
create a very specialised organisation and 
contractual structure with the support of 
administrations from different countries, 
who had to find and adapt solutions within 
existing laws that had never foreseen such 
a situation, see Figure 14. 

Licensing and Approval Procedures 

One of the major obstacles to overcome 
before the trials could start was to obtain 
approval for such a complex multinational 
project. The initial application to the 
relevant national medical authority in the 
Netherlands was submitted In 1995. After 
almost 2 years of an extremely difficult and 
time consuming effort, final approval was 
gained and the trials were officially opened 
in August 1997. The complexity of the 
procedure is listed below, which also 
identified no single European approach 
could be taken due to the fact that medical 
applications fall under national law and 
that there Is no harmonisation on the 
European level. 

The issues which had to be solved, were: 

• Reactor related: 
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licensing of the reactor as a facility 

for patient treatment, 

licensing of the facility which is not 

part of a hospital to irradiate 

patients, 

gaining local approval on safety 

aspects, both nuclear and 

conventional, at the reactor site. 

Protocol related: 

=> establishing the 

Study Group, 
EORTC BNCT 

reconciling the different points of 
view of different ethics committees 
in different countries, 

gaining approval of the study 

protocol by different review boards 

at different levels in a multitude of 

institutions, 

handling a non-registered drug to 
be used in different countries 
following the study protocol, 

regulating the execution of the 
study protocol as well as the 
operation of the facility by 
appropriate Standard Operating 
Procedures respecting the rules of 
Good Clinical Practice. 

Patient related: 

=> obtaining insurance for 

following different 

procedures, 

patients 

national 

building up the local infrastructure 
for patient care, travel and 
nursing, including all anticipated 
emergencies. 

Personnel and Institutional related: 

=> licensing of foreign physicians (EU 
and non-EU) to treat patients in 
The Netherlands, being 

themselves staff members of a 
non-Dutch institution, 

enabling a non-Dutch Medical 
Physicist to be responsible and 
liable for Medical Physics at the 
HFR Petten, 

identifying the different actions 
performed by persons coming 
from different institutions in 
different countries in order to 
establish and delineate the 
responsibility, and hence liability, 
towards the patient; furthermore to 
describe the tasks of all 
participants, and to create and 
approve the appropriate 

agreements and contracts to 
define such structures, 

applying the appropriate rules for 

radio-protection of the patients 

and the staff, respecting both 

German and Dutch regulations, 

concluding contracts, sub-
contracts, associated contracts, 
collaboration agreements, etc. 
with all involved parties, following 
the rules established by the 
European Commission for Shared 
Cost Actions. 

The Future 

The immediate future is the continuation 
and completion of the current clinical trial. 
During 1998, steps must be taken to 
enable other trials to start, using either 
other types of boron compounds and/or 
treating other types of tumours. 
Furthermore, research at Petten will 
continue on aspects of beam tube design, 
medical dosimetry, boron measuring 
techniques and supporting external 
institutes in other aspects of BNCT 
research. 
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Project Coordinator 
(University of Bremen) 

AZVU 
Amsterdam 

KFU 
Graz 

Referral Centres (hospitals) Europe 
LMU 

München 
ZKSJ 

Bremen 
CAL 
Nice 

CHUV 
Lausanne 

Radiotherapist 
(University of Essen) 

Principal Clinical Investigator 
(University of Essen) 

Medical Physicist (MP) 
(University of Essen) 

Patient care in the Netherlands 
(AZVU Amsterdam) 

EORTC 
NDDO 

Amsterdam (NL) 

Technical Coordinator (TC) 
(JRC Petten) 

Petten (NL) 

Treatment Planning 
(JRC Petten) 

Assistant TCs 
(JRC Petten) 

Electronics/Labview 
experts (JRC Petten) 

Assistant MP 
(University of Essen) 

ICPAES Officer 
(ECN Petten) 

Prompt Gamma Operator (PGO) 
(ECN Petten) 

Physics Officer 
(ECN Petten) 

Facility Operator 
(ECN Petten) 

Radioprotection 
Committee for BNCT 

AZVU Academisch Ziekenhuis Vrije Universiteit, 
Amsterdam 

KFU Karl-Franzens-Universität, Graz 

ZKSJ Zentralkrankenhaus St.-Jürgen-Straße, Breinen 

LMU Ludwig-Maximilians-Universität, München 

CAL Ceñiré Antoine Lacassagne, Nice 

CHUV Centre Hospitalier Universitaire Vaudois, 
Lausanne 

Figure 13: Organisational Structure for the BNCT Trials at Petten 

European Commission / EUcontract (Shared Cost Action) 

■ IRP. (safety/security) 

Pharmacy, VU Amsterdam 
BSH  Quality Control 

and shipment 

EORTC 
(patient 

insurance) 

VU Amsterdam 
hospitalisation of 

patient 

Medical EORTC/NDDO 
Physicist Monitoring and 

Data management 

Reference 
• pathologist 
• radiologist 

Figure 14 : Schematic Overview of the concluded ¡nterinstltutional contracts 
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<MSe 

Figure 15: Arrival of the ambulance/taxi from the AZVU Amsterdam at the BNCT Medical 
Wing. 

Figure 16: Dr. Sauerweln placing the fixation mask over the patient's head. 
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Figure 17: Final checks on the positioning of the patient in the (closed) neutron beam prior to 

treatment 
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HFR, AS A TOOL FOR REACTOR TECHNOLOGY 

The present and future HFR capabilities 
and irradiation techniques for fuel and 
materials irradiations were compiled in a 
contribution presented in 1996 at the ENS 
Class 1 Topical Meeting on Research 
Facilities for the Future Energy, held at 
Brussels [2]. An overview of projects under 
Irradiation and development is given in 
Table 6 and 7 respectively. 

Fission Reactor Technology 

LWR Fuel Irradiations 

The Experience: LWR irradiation 
programmes relate to Investigations on 
standard/advanced fuel, cladding 
behaviour, safe and the economic 
utilisation of the fuel. HFR has been 
providing irradiation support to LWR 
programmes for more than three decades. 
In particular, HFR experiments address 
the fuel rod performance and behaviour 
under start-up, operational and overpower 
transients and/or under power cycling 
conditions. Most test programmes are 
performed with pre-irradiated fuel rod 
segments, originating from full length fuel 
rods from commercial power reactors. Re -
fabrication techniques are available at the 
Petten Hot Cell Laboratory [10]. At the 
HFR, non-destructive test facilities are 
employed for characterisation of the fuel 
rods in the HFR pool [11]. 

Key data on the fuel rod behaviour as a 
function of burn-up and with respect to its 
transient behaviour, e.g. safe transient 
rate, safe power steps and allowable 
power thresholds have been obtained 
through these programmes for standard 
PWR and BWR fuel using U02 and (U,Pu) 
02 [Mixed Oxide Fuel (MOX)]: these data 
are now being used in the operation of 
todays power reactors and have lead to 
increased availability and reduced 
economic operation of the plants. 

A second line of irradiation experiments 
with pre-irradiated PWR fuel rods 
addressed the investigation of the release 
and behaviour of fission products after a 
hypothetical LOCA scenario. In particular, 
the iodine release, solution and degassing 
after a LOCA were studied. Major 
contributions to this topic were achieved 
through HFR experiments and hot cell 
tests at KFA Jülich and through an in-pile 
LOCA testing programme using pre-
irradiated PWR fuel rods [12]. 

The Present: Recent R&D programmes 
are addressing mainly fuel rod behaviour 
at extended and high burn-up. 
Furthermore, performance testing of new 
fuel rod concepts with respect to better 
waterside corrosion resistance, improved 
economics (e.g. utilisation of MOX) and 
fine tuning of its characteristics are 
pursued. In 1997, the programme 
addressed preparation of new tests on the 
behaviour of re-fabricated BWR fuel rods 
with an advanced cladding type and with 
better high burn-up characteristics under 
power ramping conditions and testing of 
pre-irradiated MOX fuel rod segments. 

The Future: Proposals addressing the rim-
effect and scoping tests on the Irradiation 
behaviour of additives to LWR fuel In order 
to improve its high burn-up behaviour and 
testing of MOX containing fuel have been 
prepared and were subject of discussion 
with various international customers. 

Testing of LEU MTR fuel elements: 

Irradiation testing of two LEU MTR fuel 
elements up to 50% burn-up has been 
started during 1996 and continued in 1997 
until target burn-up. The testing is aimed 
as a qualification test for a major MTR fuel 
vendor. The progress of the project was 
presented at the 1997 RERTR meeting 
held in Jacksonhole, Wyoming, USA [13]. 
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Table 6: Projects / experiments under irradiation in 1997 
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N 
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I 

NL 

D 

NL 

S 
C 
A 

D 

TP 

TP 

M 
I 
; 

( ̂
 

Project 
Name Code 
MINOSSE 

SIRIO 

SOSIA 

ILAS 

SIWAS 

SINAS 

MANIA 

CHARIOT 

EXOTIC-
8.1/8.4 

MANITU II 

TESEO II 

EFFTRA 
T2/T3/T4bis 

EFTTRA-T4 

TRABANT 

ALEQ 

LYRA 

RI 

NAMIRRA 

BNCT 

Beam tubes 

301 

268 

315 

285 

268 

139 

276 

287 

212 

271 

305 

280 

280 

291 

288 

304 

255 

248 

Number 
of Exp.s 

3 

2 

1 

3 

2 

2 

5 

5 

4 

2 

1 

3 

3 

2 

1 

Various 
rigs 

1 

1 

Materials 

316LN-ERHII, TIG, 
Manet 

Manet, 316 LN-ERll, 

TIG 

316LN-ERHII,TIG 

Manet, Manet 
optimised, F82H 
vanadium, 316 

Manet, 316 LN-ERll, 

TIG 

316LN-ERHII,TIG 

316 LN, 304 plate, 

welds 

Vanadium, F82H, 
Manet, 316LN-ERHII 

Reference Lithium 
based ceramics: 
Li4Si04 and 
Li2Ti03; 

Beryllium 

Manet, Manet 

optimised 

Manet, Manet 
optimised 

T2: "Tc, 
T3: Inert matrices 
with and without 

U02 

T4bis: Am02 in 
Spinel and U02 in 
Spinel 

Am02 in Spinel 

Uranium, plutonium 
oxides 

LEU 

Magnox 

Radioisotopes 
production 

Natural aluminium 
silicate 

Steel, crystals etc. 

Test Type 

Post irradiation tensile, 
creep, crack growth 

P.I.E. tensile 

P.I.E. tensile 

Tensile 

Tensile, Compact 
Tension 

Compact Tension 

Tensile 

Post-irradiation fracture 

toughness, Charpy 

Study tritium release & 
permeation, high Li-
burnup behaviour, Be 
swelling 

Charpy 

Tensile 

T2: Study high 
transmutation of "Tc 
target 

T3: Study candidate inert 
matrices and T4bis: 
241

Am in Spinel at high 
burnup 

Study transmutation of 
214

Am embedded in 
Spinel; European pilot 
experiment 

P.I.E. - burning of 
plutonium 

Qualification of the fuel 

P.I.E. : Charpy, fracture 
toughness, tensile 

Change of colours in 
stones 

Boron Neutron Capture 
Therapy 

Residual stress 

measurements 

Remarks 

Long term programme, 
until end 1999 

Improved design 

High Temperature in 

Sodium 

Low temperature 

Sodium environment 

Irradiation of four new 
tests started together 
with newly developed 
Tritium Measuring 
Station 

Programme continues in 
1998/1999 and within 5

,h 

FWP 

Irradiation of three 
tests; 
T2 completed in 1997, 

T3 and T4bis irradiation 
started.T 3 completion in 
1998; T4bis continues 
until 1999; Programme 
continues within 5

lh
 FWP 

Irradiation ongoing 
Completion in 1998; 
Follow-up test 
proposed for 5

,h
 FWP 

End in 97. New series 
coming 

Terminated in 1997. 

AMES 
Continuing in 1998 

Continuing 

Continuing 

Treatment started 
in 1997 

Continuing 
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Table 7: Projects / experiments under development 

F 
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0 

N 
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I 

S 

S 

I 

0 

N 

R 

I 

NL 

NL 
& 
F 

J 
R 
C 

D 

NL 

D 

F 

TP 

TP 

M 

< 

( 

1 

Project 

Name Code 

EXOTIC 

EXOTIC-8.5 
/8.6/8.7/8.8 

HCPB 
Submodule Test 

WCLL 

FAFNIR 

to be defined 

PARIDE II 

OTTO 

SHIFT 

TRABANT 

SiC-Ball 

PIMPOM 

CERAMUK 

LYRA 

BWFC 

RI 

ARMONIA 

BNCT 

Beam tubes 

212 

212 

300 

302 

291 

314 

289 

304 

319 

316 

Number of 

of Exp.s 

4 

4 

1 

2 

1 

2 

2 

1 

1 

3 

2 

1 

1 

1 

3 & 4 

Various 

rigs 

1 

Material 

Ceramic breeder compounds, 

e.g. lithium orthosilicates 

Reference lithium based 
ceramics: Li4Si04 and 
Li2Ti03;Beryllium 

Submodule of HCPB blanket 
segment 

Pb-17Li target with 
permeation barrier and DWT 
target 

316 L 

Manet, Manet optimised 

Plasma facing materials: Be, 
W, CFC and divertor mock-
ups: Be/Cu 

U-free fuel like ROX and (Zr, 

Pu)02 + Spinel 

U02 in candidate inert 
matrices 
Modified Mox 

Uranium, plutonium oxides 

Graphite spheres, coated 
with SiC 

Plutonium Nitride 

LWR components 

JRQ, 15H2MFA,5JRQ31, 
18MND5.VVER 

UO, and Mixed oxide fuels 

Radioisotopes production 

Natural aluminium silicate 

Small and large components, 
crystals 

Test Type / Remarks 

Irradiation testing with parameter 
variation, studies of Tritium release and 
recovery, with in-pile loop, P.I.E. 

Study tritium release & permeation 
studies, high Li-burnup behaviour, Be 
swelling 

In-pile testing of a HCPB submodule at 
realistic operating conditions 
(feasibility study for the 5

th
 FWP ) 

In-pile performance of T-permeation 
barriers and mechanical performance 
of DWT 
(feasibility study for the 5

th
 FW Ρ 

In pile thermal fatigue, crack growth 
measurement 

Low temperature, feasibility study 

In-pile performance at low 
temperatures <200 °C and low dose 
<1 dpa 

In-pile performance test of U-free fuels 
in support of "Incineration of Pu in a 
"Once-through-then-out" mode 

Study inert matrices and Mox at high 

uranium burnup; 
Fission gas release and thermal 
conductivity 

Pathfinder experiment for 
instrumented in-pile studies 

P.I.E. - burning of plutonium 

In-pile performance of SiC-coatings at 
HTR-Module specific operating 
conditions 

P.I.E. - burning of plutonium 

In-pile performance test 

P.I.E. : Charpy, fracture toughness, 
tensile 

Power ramping test on high burn-up fuel 

rods. 

New capsule for the LFF-SW position 

Boron Neutron Capture Therapy 

Residual stress measurements 

L WR pressure vessel materials 

Scope: Lifetime estimation of reactor 
pressure vessel requires the 
understanding of the degradation of the 
materials due to Irradiation damage 
together with the validation of mitigation 
measures and study of the sensibility to 
re-irradiation [14]. 

Status: The first irradiation testing of 

pressure vessel steel samples from the 

AMES programme In the new irradiation 

device LYRA has been successfully 
completed. A schematic view of the device 
is shown in Figure 18. Various Magnox 
RPV samples (Toughness, Charpy, 
Compact Tension, Tensile) have been 
irradiated at about 200°C up to a dose of 
about 0.015 dpa. 

L WR structural materials 

Scope: Studies on the effect of ageing due 
to neutron irradiation and irradiation 
assisted stress corrosion Involve fracture 
mechanics testing. Fracture mechanics 
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tests are usually performed at the hot 
cells. However, a new approach has to be 
considered where such tests are 
performed in parallel In an in-pile and out-
of-pile autoclave system using three point 
bend samples made of Irradiated material. 

Status: A feasibility study was performed 
successfully and discussed with several 

interested parties of the AMES group. The 
study was based on the LIMA rig (which 
provides BWR or PWR system conditions 
including controlled water chemistry) and 
a miniaturised fracture mechanics testing 
system (using 3x3x24 mm three point 
bend samples) developed by VTT Finland. 

L Y R A - POOL SIDE IRRADIATION FACILITY FOR AMES 

A A 

Section A-A 

toihi 

Section B-B 

(86) 

(65) 

! 

: 

,, 

k ^ CO 

Section C-C 

* 

Section D-D 

View "P " 

THERMOCOUPLES 

UPPER HEATER 
FOR AXIAL 
HEAT LOSS COMPENSATION 

FOUR INDEPENDENT 
HEATERS (ONE EACH SIDE) 
FOR FINE TEMPERATURE 
CONTROL OF SPECIMENS 

SPECIMEN STACK 
64x59x3S4mm 

SS DOUBLE CONTAINMENT 
FOR INSULATION AND 
GLOBAL TEMPERATURE 
CONTROL BY MEAI·: OF 
GAS MIXTURE (He/Ne) 
IN THE GAP BETWEEN THE 
CONTAINMENTS 

LOWER HEATER 
FOR AXIAL 
HEAT LOSS COMPENSATION 

GAS LINES 

Figure 18: LYRA - Pool side irradiation facility for AMES 
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Transmutation of Fission Products/ 
Minor Actinides 

Background: Recycling of actinides and 
mobile long-lived fission products is an 
option in the management of high level 
nuclear waste from current nuclear power 
reactors in reducing significantly the long-
term radiological hazard. The recycling 
process involves the separation, besides 
uranium and plutonium, of the 'Minor 
Actinides' (Np, Am, Cm) and some long-
lived and mobile fission products (e.g. Tc, 
Cs, Np and I) from spent nuclear fuel 
(Partitioning), followed by subsequent re-
irradiation (Transmutation or Incineration). 

Major international programmes have 
been initiated world-wide to study whether 
advanced reprocessing with Partitioning & 
Transmutation can become an alternative 
to the existing strategies of high level fuel 
management, being direct disposal and 
reprocessing. 

The High Flux Reactor (HFR) Petten is 
involved in technological studies of P&T 
for the European collaboration codenamed 
EFTTRA (Experimental Feasibility of 
Targets for Transmutation) and for the 
French programme on CAPRA 
(Consommation Accrue de Plutonium 
dans les Rapides). 

EFFTRA Programme 

Objective: The EFTTRA collaboration 
between CEA (France), ECN (The 
Netherlands), EdF (France), FZK 
(Germany), JRC-ITU and JRC-IAM 
(European Commission), launched in 
1992, aims at joint studies of materials 
problems related to the transmutation of 
long-lived radioactive nuclides. 

Irradiation's have started in parallel in the 
HFR Petten and in the Phénix fast reactor. 
At present, the EFTTRA programme 
focuses on studies for the transmutation of 
technetium, for the transmutation of 
americium in an inert matrix and for the in-
pile characterisation of candidate inert 
matrices [15,16]. 

Status: In 1997 four experiments were 
under irradiation for the EFTTRA 
programme, see Table 6. The EFTTRA-T2 
experiment, re-irradiation of a

 99
Tc target 

from EFTTRA-T1 [17], was completed. 
The achieved burnup of

 99
Tc was 18.6% 

after an irradiation period of 580 days. At 
present, the target is being examined at 
the Hot Cells of ECN. 

The Irradiation of the EFTTRA-T4 
European pilot experiment within the 
European Nuclear Fission Safety 
Programme [18] continued successfully in 

1997 and will be completed in January 

1998 after 360 days of irradiation. One 
neutron-radiography was taken after 250 
days irradiation. No defects of the target 
could be detected. The EFTTRA-T4bls 
experiment was successfully started in mid 
1997. This experiment contains two target 
capsules [19]. One target Is identical with 
the target of T4. The other target, 
codenamed EFTTRA-T4ter, consists of 
U02 embedded in Spinel and contained by 
stainless steel cladding. This U02 target is 
equipped with a central thermocouple to 
follow on-line the temperature history of 
the fuel pin. Figure 19 shows an X-ray of 
the EFTTRA-T4ter target capsule after 
completing the assembly of the sample 
holder. The objective of the T4bis 
experiment is to study transmutation of 
americium at high burnup and the 
irradiation behaviour of Spinel after a high 
neutron dose and to verify the thermal 
computer model by measuring the central 
temperature on-line. 

The irradiation of the matrix experiment 
EFTTRA-T3 was successfully started in 
1997 [20]. The matrix of this experiment 
consists of 16 individual capsules, 
containing candidate inert matrices, 
partially mixed with 5wt % U02. In 
addition, EFTTRA-T3 contains one target 
capsule, designed to LWR specifications. 
The objective of the irradiation of this 
target is to study the influence of 
enrichment zoning on the RIM effect of 
U02 pellets. The Irradiation of T3 is 
planned for a period of 200 days. 

Future: Feasibility studies and proposals 
have been Issued for new experiments, 
see Table 7. One experiment, code named 
SHIFT-1, aims at the study of inert 
matrices at high uranium burnup, together 
with the on-line monitoring of the fission 
gas release and monitoring of the 
temperature field in the fuel pin. The 
incineration of Pu in a "Once-through-then-
out" mode Is the objective of one 
experiment, code named OTTO, which Is 
planned for irradiation after 1998. 
Feasibility studies are ongoing for high 
burnup experiments on MOX fuel, with on-
line monitoring of fission gas release and 
central fuel pin temperature. 
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Figure 19: X-ray of EFTTRA-T4ter target capsule after assembly, showing the central 

thermocouple Inside the fuel pellets. 

CAPRA Programme 

Scope: The main objective Is to define a 
fast reactor core able to burn as much 
plutonium as possible and which can, 
moreover, contribute to the destruction of 
minor actinides. The current experiments 
are focused on the study of high 
plutonium-content type MOX fuels and 
also on more advanced "Pu without U" fuel 
concepts. The experiments in the HFR are 
sponsored jointly by French (CEA 
Cadarache) and German (FZK Karlsruhe) 
partners [21]. 

Status: The TRABANT (Transmutation 
and Burning of Actinides In Triox capsule) 
experimental series started Irradiation in 
the HFR In 1995. The objective of the 
TRABANT experiment is to assess the 
behaviour (basic properties, nuclear 
efficiency and safety behaviour) under 
Irradiation of three types of fuel, all of 
which are characterised by high plutonium 
content (40-45%). Two of the 3 fuel pins in 
the first TRABANT experiment were 
terminated during 1996. The third fuel pin 
continued Irradiation until cycle 97.05, 
having attained 9.3 at.%bu. Following the 
standard neutron radiograph the fuel was 
observed to be intact. 

Future: A second TRABANT experiment, 
consisting again of 3 fuel pins with 40-45% 
Pu content, is currently being prepared for 
an irradiation start In 1998. The 
experiment aims to achieve a burn-up of 
10 at.% maximum. 

An experiment, entitled PIMPOM, is also 
under preparation. The experiment will 
study the more fundamental behaviour of 
Pu-based fuel without uranium. The fuel 
capsule will consist of a column of 
individual discs of fuel to accelerate burn-
up conditions to over 20 at.% within one 
year irradiation. 

High Temperature 

Materials Irradiations 

Reactor (HTR) 

Irradiation of SiC-coated graphite spheres 

Background and Objectives: Protection of 
spherical HTR fuel elements by means of 
a corrosion resistant SiC-layer has been 
proposed for concepts of inherent safe 
HTR's. On behalf of Forschungszentrum 
Jülich and within their R&D Programme on 
Innovative Nuclear Technology, CVD SiC 
coated graphite spheres will be 
characterised by neutron Irradiation under 
specific operating conditions of a Modular 
HTR [22]. 

Status: The first irradiation project was 
successfully completed In 1996 [3]. In 
1997, a new contract was signed with 
Forschungszentrum Jülich for a second 
Irradiation project. CVD SiC coatings at 
the outside of hollow graphite spheres 
made from IG110 graphite will be tested In 
the second irradiation. The project will be 
completed In 1998. 

Future: Advanced coatings, as e.g. slip 
casting coatings of SiSiC and A3 
substrates, are planned to be tested In a 
third irradiation In 1999. 
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Fusion Reactor technology 

1997 HIGHLIGHT 

Irradiation of ceramic breeder materials for the European Blanket Project 

In 1997 a remarkable milestone was achieved by taking the new Tritium Measuring Station 
(TMS) together with a further developed irradiation facility EXOTIC-8 successfully into 
operation. The realisation of the project was a joint effort between JRC-IAM and ECN. The 
HFR Petten is since the beginning of the Fusion Technology Programme in 1982 involved in 
in-pile studies for tritium breeding materials. The new facility became necessary to fulfil the 
dedicated requirements for the selected blanket concepts of the European Blanket Project, 
which became effective in 1996. The work for the ceramic blanket concentrates on the 
Helium-cooled Pebble Concept (HCPB), aiming at the realisation of blanket modules to be 
tested in ITER. 

Fusion is still regarded as one of the 

promising long-term energy options. The 

HFR has played a major role as test bed 

for fusion materials since 1982 [2, 23]. 

The different irradiation projects, described 
hereafter, are performed in support of the 
European Fusion Technology Programme 
for the European Associations. The 
projects are organised in R&D for the 
NET/ITER Technology and for the Long-
term Programme, including the European 
Blanket Project. 

Irradiation experiments being performed 
are aimed to investigate creep, fatigue and 
crack growth of candidate first wall 
materials such as austenitlc steels, 
MANET, vanadium alloys, SiC/SiC 
composites and plasma facing materials, 
as CFC, Be and W, and divertor mock-
ups, as Be/Cu. Candidate breeder 
materials of the European reference 
blanket concepts for DEMO and ITER Test 
Modules are being tested with special 
emphasis on tritium release characteristics 
and irradiation stability. 

Irradiation of first wall materials 

Irradiations of first wall materials are 
sponsored by: 

- JRC-IAM, involved in investigation on 
creep behaviour and thermal fatigue of 
steels and on properties of SIC-SiC 
composites 

- ECN, involved in studies on mechanical 
property changes in steels and 
vanadium 

FZK, involved in studies of optimised 

MANET steels 

KFA, involved in studies on properties 

changes of plasma facing materials. 

JRC specific programme 

Advanced Low Activation Materials: 

Minimisation of short term activation levels 

of structural materials Is essential to 

reduce the public safety risk in case of 

various accident scenarios and to simplify 

remote maintenance operation. 

Creep Testing: The irradiation campaign 
(in the TRIESTE facility, a re-loadable 
facility allowing intermittent creep 
measurements in hot cell, between 
irradiation steps) has been terminated. 

Thermal Fatigue Crack Growth: The 
project FAFNIR (Fatigue in First Wall 
Nuclear Irradiation Rig) foresees 
irradiation of tubular specimens under 
NET/ITER operating conditions. Assembly 
of the rig has been delayed due to 
problems in the design of measurement 
system for continuous in pile monitoring of 
the crack growth. 

Experiments Supplementary Programme: 

for ECN 

ECN has a large participation in the 
European Fusion Reactor Materials 
Programme. An extensive irradiation 
campaign is in progress to characterise 
the irradiation behaviour of a number of 
candidate materials, namely 316 steels, 
Vanadium and Vanadium alloys, MANET 
and optimised MANET steels, Including 
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welded specimens. Post Irradiation 
examinations include tensile, Charpy, 
fracture toughness, crack propagation 
tests and welding of Irradiated material. 
Specimens are irradiated in a wide 
temperature range (350-800 K) and at 
various damage levels (0.5 to 15 dpa). 
Various facilities are available to face this 
massive and diversified irradiation request 
[2, 24, 25]. 

Supplementary Programme: Experiments 
for FZK and KFA 

Forschungszentrum Karlsruhe Investigates 
the Irradiation behaviour of martensltic 
steel, labelled MANET. A second 
Irradiation campaign with several 
optimised versions of this steel and 
Including also some welded specimens, in 
the form of tensile and Charpy samples, 
has been started. The samples are 
Irradiated at five different temperatures 
(523, 573, 623, 673, 723 K) up to 2.4 dpa 
In the experiments labelled as MANITU 
and TESEO. 

Studies on plasma facing materials. 

Objectives: In the frame of NET/ITER 
tasks the Forschungszentrum Jülich (KFA) 
is responsible for the pre- and post-
irradiation testing of several plasma facing 
materials, as Be, CFC, tungsten alloys, 
and divertor mock-ups, e.g. Be/Cu. These 
tests include high flux tests with cooled 
and not cooled samples, mechanical tests 
and thermal tests. The post-Irradiation 
examinations are performed at the Hot 
Cell Laboratories of KFA, CEA and ECN. 
The materials originate from laboratories 
of the ITER member states, i.e., USA, 
Japan, CIS and Europe. Irradiation tests 
are being carried out in parallel at the HFR 
Petten, JMTR, BOR-60 and HFIR. The low 
dose experiments are performed at the 
HFR. 

Status: Two low dose Irradiation 
experiments, code name PARIDE-I, have 
successfully completed In 1996 [3]. 

At present, a feasibility study is being 
performed for PARIDE-II, which consists 
of two irradiation's at low temperatures, 
<200°C, see Table V. One experiment is 
planned for a dose 0.2 dpa and the other 
experiment is planned for dose of 1 dpa. 
Irradiations are planned to start by the end 
of 1998. The project should be completed 

by the end of the current Supplementary 

Programme. 

Future: Within the current long-term 

programme no follow-up experiments are 

planned at present 

Breeder Blanket Materials Irradiations 

Background and Objective: After the 
blanket selection exercise in 1995 the 
European Blanket Project (EBP) has been 
set up with the scope to develop and 
realise two blanket concepts, namely the 
Water-cooled lithium lead blanket (WCLL) 
and the Helium-cooled pebble bed blanket 
(HCPB) based on ceramic breeder 
materials. Modules of these two blanket 
concepts will be tested in ITER (ITER Test 
Modules). 

Irradiation testing at the HFR In support of 
the current EBP programme has mainly 
concentrated on work for the HCPB within 
the EXOTIC-8 programme. The 
experimental EXOTIC-8 programme, 
managed by ECN Petten in close co-
operation with JRC-IAM within the 
Supplementary programme, addresses 
key areas as tritium control, development 
of tritium permeation barriers, tritium 
extraction systems, development of 
ceramic breeder materials and beryllium 
and testing of subassemblies of reference 
blanket concepts. The associations FZK-
Karlsruhe, CEA-Saclay and ENEA-
Casacia co-operate in the EXOTIC-8 
programme. The bulk of the EXOTIC-8 
work consists of Irradiation of candidate 
ceramic breeder materials for ITER, 
DEMO and EBP test blankets [26]. 
Considerable effort has been put into the 
feasibility study for in-pile testing of HCPB 
sub-modules [27]. In addition, feasibility 
studies have been performed jointly by 
JRC-IAM and ECN for the in-pile testing of 
materials and components for the WCLL 
blanket [28]. 

EXOTICS: EXOTIC-8 alms at the in-pile 
study of the tritium release behaviour at a 
wide temperature range and the 
mechanical behaviour at high lithium 
burnup of reference breeder materials and 
beryllium. The breeder materials are 
Li4Si04 and Li2Ti03 pebbles and Li2Ti03 

pellets. 

Status: The first series of EXOTIC-8 
experiments have successfully been 
started in 1997, see Table 6 [29]. A 
remarkable milestone was achieved by 
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taking the new Tritium Measuring Station 
(TMS) together with a further developed 
irradiation facility EXOTIC-8 successfully 
Into operation [30]. The realization of the 
project was a joint effort between JRC-IAM 
and ECN. The new facility became 
necessary to fulfil the dedicated 
requirements for the selected blanket 
concepts of the European Blanket Project. 

The new TMS and EXOTIC-8 facility 
provides high flexibility by allowing the 
simultaneous operation of four 
independent experiments with Individual 
irradiation duration. All reference breeder 
materials, either ceramic or liquid, can be 
tested. Tritium release and permeation 
studies can be performed over a wide 
temperature range, 250°C - 800°C, and 
an annual lithium-burnup of >18% can be 
achieved. 

Future: Four new EXOTIC-8 experiments 
are under assembly and will go into 
operation in 1998, see Table 7. The 
EXOTIC-8 programme is planned to 
continue Into the 5th FWP. 

In-pile testing of HCPB-Sub-modules: In 
the final step of R&D of blankets, full-size 
modules of the candidate DEMO blanket 
concepts will be tested in ITER. To 
achieve this goal, a number of 
development steps of scaled-down 
assemblies are mandatory. As part of the 
development work for ITER Test Modules, 
ECN, In close co-operation with JRC-IAM, 

has started a feasibility study on request of 
FZK for an integral test aiming to 
investigate the synergistic effect of 
thermal, mechanical and neutron load in 
the different materials under DEMO and 
ITM conditions. During the coarse of the 
study, the specifications for the in-pile test 
have been revised to comply with the 
latest developments. An ECN/JRC study 
shows that in-pile tests of HCPB sub-
modules are feasible at the HFR Petten. A 
variety of alternative solutions have been 
proposed for in-tank and out-of-tank 
irradiation positions [31]. The study has 
also demonstrated that the HFR is very 
competitive in the direct comparison with 
other European Test Reactors. Further 
development of detailed objectives for the 
in-pile tests will be performed in 1998. The 
final ECN/JRC feasibility study for a sub-
module test at the HFR will be presented 
to the Blanket Management Committee 
(BMC) for Implementation in the 5th FWP. 

WCLL: Irradiation's In support of the 
Water-cooled lithium lead blanket concept 
(WCLL) have been performed within the 
LIBRETTO programme [28]. At present 
feasibility studies are ongoing with the aim 
to investigate the in-pile performance of 
tritium permeation barriers in the presence 
of Pb-17Li and to test the thermal-
mechanical behaviour of "Double-walled 
Tubes" (DWT) under WCLL typical 
operating conditions. In-pile studies are 
planned within the 5th FWP. 

- ■ A i l 

Figure 20: Rear view of the new Tritium Measuring Station (TMS) providing independent 
tritium measuring trains for four EXOTIC experiments 
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RESEARCH AND INDUSTRY APPLICATION 

Neutron diffraction applications 

in materials science 

Residual stress investigations by 

neutron diffraction and numerical 

modelling. 

Introduction & Objective: Residual 
stresses are introduced into materials by a 
variety of mechanical and thermal 
treatments. Reliable estimates of their 
magnitude are Indispensable for both their 
efficient design and remaining life 
assessment. Knowledge of residual 
stresses at dissimilar material interfaces Is 
essential for the development of advanced 
composite materials. Neutron diffraction 
provides a method of measuring residual 
stresses non-destructlvely deep within 
materials with sufficient spatial resolution. 

Results: After the installation of the new 
32-wire position sensitive detector In 1996 
a serious problem with high measurement 
background at HB4 became apparent in 
early 1997. Considerable efforts have 
been taken to reduce the background level 
by means of appropriate beam and reactor 
wall shielding. The achieved reduction Is 
shown in Figure 21. The level of 
background could be reduced by 50 to 
80%. Based on the neutron multi-detector 
and the reduction in neutron background, 
the following experimental campaigns 
were conducted: 

Strain measurements in a thick stainless 
steel standard specimen were performed 
showing feasibility of the technique in the 
case of significant neutron intensity 
attenuation by selection of appropriate 
sampling volume. 

Three dimensional strain measurements 
were performed on a pre-stressed 
Aluminium alloy ring & plug specimen 

showing very good agreement with similar 

data obtained at major European and 

North American facilities. 

3-D strain Investigations In C or SiC 
reinforced Si3N„ based CMC flat samples 
and in C/SiC tubular specimens showing 
feasibility of the technique only for the 
matrix material and that numerical 
modelling is indispensable in all such 
cases. 

Extensive three dimensional stress 
measurements were performed at CRNL 
(CA) and HB4/HFR on an austenitic steel 
thick piping weld showing feasibility of the 
method in the case of severe neutron 
intensity attenuation combined with strong 
texture, variable chemical composition and 
large grain size within the weld and heat 
affected zone (HAZ). Concerning welds 
one has always to be careful about 
changes In chemistry. This will change the 
lattice parameter through compositional 
changes, which can give rise to an 
apparent - pseudo -strain. For this reason 
one has to take small coupons out of a 
companion weld and measure the lattice 
parameter in each of these to obtain the 
equilibrium lattice parameter as a function 
of position. Furthermore the lattice 
parameter must be measured In each 
direction where strain measurements are 
desired within the actual specimen. It is 
assumed that cutting up the weld relieves 
residual macro-stresses. Any micro-
stresses present in the coupons would not 
be relieved by the cutting operation but it is 
assumed that they would be Identical to 
any micro-stresses in the welded 
specimen. Therefore the stress 
measurements thus determine only the 
residual macro-stresses In the weld and 
make no determination of any micro-
stresses present. Figures 22 and 23 show 
this lattice parameter variation and the 
resulting strains respectively. 

References: [32 to 39]. 
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Figure 21 background measurements at HB4 performed in January and March 1997 
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Miscellaneous 

Neutron radiography 

Neutron radiography ¡s a non-destructive 
Inspection and testing technique, that 
produces images of components, 
assemblies and materials, on film or real 
time devices. In comparison to X- and 
gamma- rays, neutrons penetrate heavy 
metals like steel, lead and uranium much 
more easily, whilst at the same time 
having the unique capability to ¡mage light 
materials such as hydrogen bearing 
materials. Neutron radiography services 
are provided in support of HFR irradiation 
projects and of studies on the application 
of this technique to non-nuclear R&D and 
for routine inspections of EC research and 
industry [40]. At the HFR, two neutron 
radiography facilities are available. They 
consist of: 

� An underwater camera, and 

� A beam tube-based neutron 
radiography system at the HB-8 beam 
tube with filtered neutrons and with a 
real time imaging system. 

As during the preceeding years, routine 

radiographic Inspections were performed 

as a service to irradiation experiments on 

fuel containing irradiation devices and fuel 

rods. 

Treatment of precious stones 

Changing In the colour of precious stones 
is an activity In which HFR has a 
recognised long-term expertise. The 
activity Is now running on a small but 
regular scale. Further expansion is 
anticipated. 

Gamma irradiation's 

A gamma Irradiation service is available at 
the HFR, using special capsules, e.g. GIF, 
which can be located in between spent 
fuel elements. Various dose rates are 
achievable, in the range 2 Gy/h up to 200 
kGy/h. Extensive irradiation campaigns 
have been performed again in 1997, 
involving plants and seeds. Further 
production and expansion is expected In 
the coming years. 
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GENERAL SUPPORT ACTIVITIES 

Up to the end of 1995, most of the 
technical support needed for the 
experiments was available internally at 
HFR. In the new structure most of the 
services are now out-sourced, either to 
external companies or to other 
Units/Services available at the Petten site. 

Assembly 

Assembly is mostly performed in the 
assembly laboratory of the TAME Unit. In 
some cases, the ECN assembly laboratory 
has been employed, especially for 
Netherlands experiments. 

Quality Control and Commissioning 

In 1997, quality control and commissioning 
has been mostly outsourced to the SCI 
Unit of the IAM Petten. The remaining part 
of the work was either performed with 
internal resources or using the specialised 
ECN services at their workshop. 

Design activity 

Co-ordination of the activity is performed in 
the HFR Unit. Specialised companies 
perform the actual drawing work under 
subcontract. 

Joining Techniques 

In recent years, the main activity of this 
service, also belonging to TAME Unit of 
the IAM Petten, has become the welding 
of all radioisotope cans. A complete set of 
welding devices (Orbital welding machine, 
Electron-beam welding, Laser welding 
etc.) and ancillary equipment (He filling 
station, glove box manipulation station, 
etc.) can guarantee that all 
requirements/demands coming from the 
continuously Increasing radioisotopes 
production are satisfied. 

As complementary activity, all special 

welding of components of irradiation rigs 

has been routinely performed. 

Hot cells 

The use of the Dismantling cell in the 
reactor building is limited to preliminary 
dismantling of sample holders/rigs and to 
transfer of irradiated materials from the 
HFR and to the hot cells or vice-versa. All 
the remaining part of dismantling is done 
at ECN hot cell labs where full equipment 
for samples P.I.E. is available. De-canning 
of radioisotope cans has been increased. 
This service is being extended to the first 
stages of manufacture of sources and 
basic chemical preparation. Additional 
expansion of the activity is foreseen in the 
coming years. 
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ABSTRACT 

1997 has been the second year of HFR operation under Its newly structured programme, 

when In 1996 a strong reduction in the team was decided to Improve a co-ordination between 

ECN and JRC people gelling the same teams into the same family. 

Furthermore, the new programme emphasised the medical orientation of the reactor with its 

continued increase within the frame of Medical Valley, unique in Europe. 

The main event of 1997 has been the start of the BNCT activity, with the treatment of the first 

patient in Europe. After many years of experimentation and juridical work, we enter now into a 

very interesting and promising research for treatment of an illness, that is killing every year 

about 15,000 European citizens. 

This very important event, described in various newspapers and shown by several European 
TV-stations, does not hide the other excellent achievements: 282 days of operation, the in-
service-inspection of the vessel, good operation of the reactor without problems, maintenance 
and upgrading work, 81% occupation of the reactor by many of experiments in various fields, 
upgrading of neutron beams, etc.. 
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