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PROGRAMME MANAGEMENT

e OPERATION AND UTILIZATION WITHIN JRC PLURIANNUAL
RESEARCH PROGRAMME

e OPERATION BY EXTERNAL ORGANIZATION UNDER
CONTRACT

o PREDETERMINED FOUR YEARS' FUNDING, DETAILED
ANNUAL BUDGETS

e LONG- TERM SUPPLY AND SERVICE CONTRACTS
CENTRAL DECISION MAKING, VARIOUS ADVISORY
COMMITTEES
DETAILED PERMANENT PROJECT AND RESOURCE PLANNING
INTEGRATED PROJECT WORKING GROUPS
SEMI-ANNUAL PROGRAMME PROGRESS REPORTS AND
FINANCIAL SURVEYS.

e TYPICAL HFR BUDGET :

REACTOR OPERATION AND MAINTENANCE STAFF (75) 20 %o
REACTOR MODIFICATIONS AND DEVELOPMENT 8
GENERAL SITE SERVICES 17
JRC TECHNICAL AND ADMINISTRATIVE STAFF (88) 29
TOTAL FUEL CYCLE (IN EQUILIBRIUM) 15

MAJOR INVESTMENTS
ELECTRICITY, WATER, INSURANCES
EXPERIMENTAL EQUIPMENT

S AN

100 °/o




OPERATION OF THE HFR REACTOR
1981

Research Staff 41 persons

Budget “Operation of the HFR" 13.547 Mio ECU
Manufacture of replacement vessel 1.236
Use of HFR by other JRC Programmes 0.657
Use by commercial clients 0.185
Total 15.625
Projects

Unlike most of the other JRC Programmes, "HFR Operation’’
is not formally subdivided into individual projets. For the sake of the
Programme Progress Reports, however, three projects are defined:

1. HFR Operation and Maintenance
2. Reactor Utilization
3. General Activities

On a lower level of subdivision, the term “"project’’ appears again when
referring to irradiation projects and individual supporting activities.

1. INTRODUCTION o vam cor Hardt

The Counci! Decision of March 13, 1980, concerning the The proposed Technical Annex to the Council Decision
1980/83 JRC research plan, defines for HFR Petten: reads as follows:

OPERATION OF THE HFR PETTEN

The operation of the reactor will continue to the

F. OPERATION OF LARGE-SCALE benefit - of the research programmes of the
INSTALLATIONS participating Member States and for the JRC's own
Supplementary programme requirements. Qutside clients will also be able to use

the irradiation facilities on payment.

F.1. Operation of the HFR reactor During the next programme the teams will continue
(nuclear activity) the maintenance and upgrading of the reactor and

the development and improvement of the

irradiation equipment and apparatus to enable this
It also allocates a four years’ budget of 52,22 Mio ECU installation to hold its place among the most
and a staff of 88, of which 41 are research staff. important means of irradiation of the Community.



2. RESULTS

2.1 Facilities and Services

2.1.1. Reactor *)

As one of the four most powerful research and test
reactors in the European Community, HFR Petten is
characterised by its simplicity in design and operation,
resulting in both high reliability and great flexibility in
use.

In 1981, the regular operation at 45 MW continued,
according to a predetermined calendar, and without
major problems from the plant and its components.

Six shipments of fresh fuel elements to the reactor site,
and two transports of irradiated elements to repro-
cessing kept the local inventory on the previous level.
Regular inspection and maintenance of all plant compo-
nents have been carried outduring the extended scheduled
outages in January and July. The good health of the plant
has been confirmed. The yearly routine leak test of the
containment building yielded good results and the visual

MAIN CHARACTERISTICS

H,0 COOLED/MODERATED

MAIN UTILIZATION

NUCLEAR SAFETY
ENERGY

FUNDAMENTAL RESEARCH
LIFE SCIENCES

TANK-TYPE MATERIALS TESTING REACTOR
45 (50) MW

MTR (PLATE) TYPE FUEL ELEMENTS,
93 %/0 ENRICHED, 1g '08 PER ELEMENT

29 IRRADIATION POSITIONS,
COOLANT PRESSURE 0,24 MPa,
ANNUAL AVAILABILITY 75 %o

PROTECTING OF THE ENVIRONMENT

inspection of the core box walls of the reactor vessel
showed no significant deviations from earlier inspections.
Slight dimensional changes, mostly due to mechanical
wear were detected but no signs of core box derforma-
tion due to irradiation effects were found. This is impor-
tant in view of the operational safety of the present
vessel after a 20 years’ period: The first operation license
was granted in November 1962.

In line with a traditional policy of permanent upgrading
and modernisation, a large number of minor components
have been replaced during the year. In addition the data
acquisition and processing systems for the experiments
and reactor data have been extended and partly modi-
fied to the latest standard.

Preparation for the dismantling of the present vessel with
regard to its replacement by a new one, which has been
ordered, are now fully initiated. A detailed vessel replace-
ment scenario has been set up.

*) High flux materials testing reactor HF R Petten.
Characteristics of facilities and standard irradiation
devices. EUR 5700. (Revised edition 1981-1982).

Be MODERATED/REFLECTED

11 HORIZONTAL BEAM TUBES
COOLANT TEMPERATURE 313 K
AVERAGE UTILIZATION 76 %/




UPGRADING AND DEVELOPMENT
1966 - 1981

POWER INCREASES 20 TO 30, 30 TO 46 MW

INTRODUCTION OF BURNABLE POISON FUEL (1973/74)

SEVERAL CORE CONFIGURATION CHANGES

COMPLETE REPLACEMENT OF REACTOR AND GENERAL PURPOSE
EXPERIMENTAL INSTRUMENTATION

NEW IN-TANK EXPERIMENT PENETRATIONS (1976)

SEVERAL IMPROVEMENTS ON MAJOR PLANT SYSTEMS
IN-HOUSE COMPUTER CODE DEVELOPMENTS

NEW REACTOR AND EXPERIMENT DATA LOGGERS (1980/81)
NEW DISMANTLING CELL TRANSFER SYSTEM (1980/81)

SECOND (BEAM TUBE) NEUTRON RADIOGRAPHY FACILITY (1981)

FUTURE DEVELOPMENTS

REPLACEMENT OF THE REACTOR VESSEL (1983)
DEVELOPMENT OF REDUNDANT SHUT-DOWN SYSTEMS (1981/82)
REPLACEMENT OF PRIMARY HEAT EXCHANGERS (1984/86)
MEDIUM ACTIVITY LABORATORY (1986/87)

MODIFICATION OF THE REACTOR BUILDING ENTRANCE/EXIT
AREA (1981/82)

ENLARGED COMPUTING FACILITIES (1981/82)

NEUTRON BEAM QUALITY IMPROVEMENTS (1982/83)

NEW POOL NEUTRON RADIOGRAPHY CAMERA, IMAGE ANALYSER
(1982)

STUDIES ON COMPLETE REACTOR INSTRUMENTATION AND
CONTROL ROOM REPLACEMENT

STUDIES FOR A POWER INCREASE TO 60 MW










STANDARD IRRADIATION FACILITIES

NON-FISSILE MATERIALS TESTING

Graphite, stressed or unstressed, metal or graphite / He environment # 6.....20 mm; 300........1200°C
Specimen recycling.

Steel, unstressed, Na environment, tensile specimens, @ 6.....12 mm, 550......650°C
also: non-cylindrical (Charpy, CT, etc.)

Low temperature Al specimen capsules (various sizes)
Graphite and steel creep facilities with on-line measurement or specimen recycling
In-core instrumentation test rigs

Under development: Fatigue and crack growth capsules

FISSILE MATERIALS TESTING, IN-TANK FACILITIES

Single or triple, double-walled Na (NaK)- filled, 500....... 1000°C clad temperature, 400....... 1200 wem™?
Optional: Neutron screen, central thermocouple, fission gas pressure transducer, ....

Single or double-walled HTGR fuel rigs, graphite / He environment, 100......1000 Wcm",

800.....1500°C fuel temperature. Continuous fission gas sweeping and analysis.

Under development: BF operated power transient facility.

FISSILE MATERIALS TESTING, POOL SIDE FACILITY (PSF)

Single-walled Boiling Water Fuel Capsule (BWFC), variable power, 70...150 bar water pressure,
200....800 Wcm'1, 250.....350°C clad temperature. Continuous fission product monitoring
Pre-irradiated fuel pins

Optional : Different types of fuel pin instrumentation

1

Double-walled, Na (NaK)-filled, single or double carrier capsule. Variable power, 500....1200 Wem®
400.....800°C clad temperature. Fuel pin length up to 500 or 1600 mm,

Optional: Different types of fuel pin instrumentation.

Profilometer capsules

Under development: Encapsulation facility for pre-irradiated fuel pins
MISCELLANEQUS

Different radioisotope production rigs, mostly reloadable during reactor operation

Gamma irradiation facility

Borosilicate glass pellet capsule

Two neutron radiography installations

Beam tube nuclear and solid state physics equipment: Several diffractometers and spectrometers,

mirror and filter systems, with ancillary cryogenic equipment and process computers

STANDARD OUT-OF-PILE CONTROL FACILITIES

Gas mixing and control panels

Cooling water control circuits

Micro-processor hased data loggers

Data processing computer

In-pool diameter measurement, eddy current check, neutron radiography, gamma scan facilities
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2.2.5 Fundamental Research

Certain interactions of neutrons with matter, like prompt
gamma emission after neutron capture, scattering, dif-
fraction, etc., can be used for studies of fine structures
of nuclei or crystal structures of solids. The installation
around the reactor use “beams’’ of neutrons extracted
from the core through horizontal tubes. Spectrometers
arranged around the target area measure intensity, energy
orientation and polarization of the emitted radiation,
which are then analysed by means of computer codes.

Solid State Physics

In 1981 four of the five experimental facilities for neu-
tron scattering research have been in continuous opera-
tion. Also this year the research programme had narrow
relations with the research at the Dutch Universities and
it was often carried out as joint projects with participa-
tion of temporarily appointed scientists and guest scien-
tists.

Instrumental

- The neutron diffractometer at beam beam HB5 had a
thorough mechanical revision and modifications and
improvements were made. For control and data hand-
ling a minicomputer was installed and required pro-
grammes were completed. The auxilliary x-circle has
been made suitable for application in texture investi-
gations.

- The neutron spectrometer at beam tube HB1 in its
modified form DISCIPEL (Diffuse Scattering Instru-
ment with Position Encoding Linedetector) has been
improved by a few additions, it was thoroughly tested
and has been in continuous operation since.

- The detector assembly of the four-cycle diffractome-
ter was improved as to avoid scattering from the helium
cryostat.

- A new liquid helium cryostat with variable tempera-

ture for both single crystals and powders has been
completed.

Research

The research programme carried out by means of the
HFR neutron scattering facilities covered several topics

in crystallography, chemistry, solid state physics and
metal physics. They comprised the following subjects:

- Several structure determinations carried out by means
of both single crystal and powder diffractometry.

- Spin density distributions in 3d metal alloys for which
electronic structure properties strongly deviate from
normal averaging. In these experiments extinction
phenomena could be carefully correlated with the
microstructure of the alloys.

- Phase diagrams and transitions in antiferromagnetic
systems. Several magnetic phases could be established
in a onedimensional chain system. Phase transitions
in a compound with broken symmetry were studied
and critical phenomena around a phase boundary
investigated.

- Thekinetics of decomposition and clustering of pseudo
binary alloys. The neutron scattering results compare
very well with advanced model calculations.

- Structure of liquid alloys of alkali metals.
- Texture investigation of course grained rolled steel.

Based on this work there have been seven external publi-
cations and three PhD theses.

Nuclear Physics

General

As in the previous years four horizontal beam tubes have
been used by the FOM-ECN Nuclear Structure Group in
cooperation with university laboratories and other nuclear
research centres.

Scientific programme

Low energy nuclear spectroscopy has been carried out
on nuclei in the 2p shell. Measurements on circular po-
larization of <y-rays following capture of polarized ther-
mal neutrons have been performed with isotopically en-
riched Cu and Ti samples. Capture of polarized neutrons
in polarized 63Cu nuclei has been studied. With a 24 keV
neutron beam the cross section for the 3He(n,Y) reaction
has been measured. A parity interference measurement
has been installed at a polarized beam.

Theoretical studies have been rounded off on the syste-
matics of binding energies of p-states and on the energy
distribution of radiative strenght. The 45Sc(n,y) spec-
trum was interpreted in terms of the statistical model.
The edition of a book on Nuclear Structure was rounded
off in collaboration with colleagues at Dutch Universities.
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3. CONCLUSIONS

HFR Petten has been operated in 1981 in fulfilment of
the 1980/83 JRC Programme Decision.

Both reactor operation and utilization data have been
met within a few percent of the goals set out in the

annual working schedule, in support of a large variety of
research programmes.

Major improvements to experimental facilities have been
introduced during the year and future modernization
has been prepared.

UTILIZATION
' WHY ARE THESE EXPERIMENTS CARRIED OUT IN THE HFR ?

ELEMENT IRRADIATION :

e ' FAST BREEDER REACTOR STRUCTURAL MATERIALS IRRADIATIONS :
MANY HIGHLY RELIABLE IRRADIATION CAPSULES AND SPECIAL
HOT CELL EQUIPMENT AVAILABLE

] FAST BREEDER REACTOR FUEL PIN TESTING UNDER ABNORMAL
CONDITIONS AND UNDER OPERATIONAL TRANSIENTS :
LONG-STANDING EXPERTISE, AVAILABILITY OF THE PSF, AND OF

SPECIAL IN-PILE INSTRUMENTATION, ADVANCED CONTROL

EQUIPMENT
[ LIGHT WATER REACTOR FUEL PIN POWER RAMPING :
) ' AVAILABILITY OF THE PSF AND LARGE CONTROL EQUIPMENT
(] HIGH TEMPERATURE GAS COOLED REACTOR GRAPHITE AND FUEL

MODERN SWEEP LOOP FACILITIES; WELL-KNOWN FLUX SPECTRA,
SEVERAL PROVEN CAPSULE TYPES, HOT CELL RE-ENCAPSULATION

FACILITY FOR ACTIVE SAMPLES

'] NUCLEAR STRUCTURE AND SOLID STATE PHYSICS EXPERIMENTS :
NUMEROUS EXPERIMENTAL INSTALLATIONS, LONG-STANDING
EXPERTISE

. RADIOISOTOPE PRODUCTION, ACTIVATION ANALYSIS :

REGULAR REACTOR OPERATIONS, MANY SPECIAL FACII.ITIES

HIGH NEUTRON FLUXES

] NEUTRON RADIOGRAPHY, NEUTRON DOSIMETRY DEVELOPMENT :
MODERN, PURPOSEFUL EQUIPMENT, WELL-KNOWN FLUX SPECTRA
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UTILIZATION

1981 ACHIEVEMENTS

) FAST BREEDER REACTOR STRUCTURAL MATERIALS IRRADIATIONS :
IRRADIATION AND HOT CELL TESTING OF 200 VESSEL STEEL
SPECIMENS

L] FAST BREEDER REACTOR FUEL PIN TESTING UNDER ABNORMAL

CONDITIONS AND UNDER OPERATIONAL TRANSIENTS :
10 FUEL PINS TESTED UNDER TRANSIENT CONDITIONS

] LIGHT WATER REACTOR FUEL PIN POWER RAMPING FOR IMPROVED
OPERATING ECONOMY AND SAFETY :
POWER RAMP TESTS ON 22 PRE-IRRADIATED FUEL PINS

] HIGH TEMPERATURE GAS-COOLED REACTOR GRAPHITE AND FUEL
ELEMENT IRRADIATIONS :
CONTRIBUTION TO THE DATA BASE OF THE HTGR: 1150 GRAPHITE
SAMPLES UNDER IRRADIATION, SOME UNDER STRESS (CREEP
SAMPLES)

(] RADIOISOTOPE PRODUCTION, ACTIVATION ANALYSIS :
2380 SAMPLES AND CAPSULES IRRADIATED FOR MEDICAL AND
INDUSTRIAL APPLICATIONS, ENVIRONMENTAL POLLUTION CONTROL,
RESEARCH PURPOSES

] NUCLEARSTRUCTURE AND SOLID STATE PHYSICS EXPERIMENTS :
CONTINUOUS UTILIZATION OF EIGHT HORIZONTAL BEAM TUBES.
IMPROVEMENTS ON SEVERAL EXPERIMENTAL SET-UPS

. NEUTRON RADIOGRAPHY, NEUTRON DOSIMETRY DEVELOPMENT :
263 NEUTRON RADIOGRAPHS TAKEN
CONTRIBUTIONS TO HFR FLUX LEVEL AND SPECTRA KNOWLEDGE,
AND TO INTERNATIONAL DOSIMETRY WORK.

() NON-PROLIFERATION :
CONTRIBUTIONS TO THE DEVELOPMENT OF REDUCED-ENRICHMENT
FUEL FOR RESEARCH REACTORS.
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4.

J. Bordo, J. Bakker, J.F.W. Markgraf, [. Ruyter,

R. Schumann

Application of Neutron Radiography in Light Water
Reactor Fuel Pin Testing Programmes at the HFR
Petten

1st World Conference on Neutron Radiography,
San Diego, USA, 7-10 Dec. 1981. (ORA 30.289).

J. Bordo H.P. Leeflang, J.J. Veenema

Neutron Radiography Installation in the

HFR Reactor

1st World Conference on Neutron Radiography,
San Diego, USA, 7-10 Dec. 1981. (ORA 30.315).

J. Bordo, F. Mason, P. Zeisser

Application of Epithermal Neutron Radiography to
Performance Tests on Advanced LMFBR Fuel

1st World Conference on Neutron Radiography,
San Diego, USA, 7-10 Dec. 1981. (ORA 30.301).

J.C. Domanus, P. von der Hardt

Nuclear Industry Application of Neutron Radiography
in Europe

1st World Conference on Neutron Radiography,

San Diego, USA, 7-10 Dec. 1981. (ORA 30.293).

D. Geithoff, H. Kwast, F. Mason, B. Steinmetz,
J. van Viiet, P. Zeisser

Operational Transient Test Irradiation of FBR
Fuel

Lecture at “"Tcpical Meeting on Reactor Safety”’
(ANS), Aug. 1981, Sun Valley (ORA 19.983).

H. Hausen, R. Lolgen

Creep Strain Measurements on [rradiated Stainless
Steel Samples by Means of Neutron Radiography
1st World Conference on Neutron Radiography,
San Diego, USA, 7-10 Dec. 1981. (ORA 30.300).

H. Kiipfer, R. Meier-Hirmer, H. Scheurer

Critical Temperature and Critical Current of V3Si
with Voids Induced by Fast Neutron Fluence of
1021 cm2

Lecture at ”’16th Intern. Conf. on Low Temperature
Physics”,

Los Angeles, 19-26 Aug. 1981. (ORA 30.012).

H.P. Leeflang, J.J. Veenema

Neutron Radiography Installation for Long Fuel
Rods at the HFR Petten

1st World Conferece on Neutron Radiography,
San Diego, USA, 7-10 Dec. 1981. (ORA 30.314).

H. Réttger (Ed.)

Newsletter of the Euratom Working Group on
Reactor Radiation Metrology,

No. 15, January 1981.

HFR PUBLICATIONS, 1981

H. Réttger (Ed.)

Newsletter of the Euratom Working Group on
Reactor Dosimetry

No. 16, August 1981.

H. Rottger, A. Tas, P. von der Hardt,

W.P. Voorbraak (Ed.)

High Flux Materials Testing Reactor HF R Petten.
Characteristics of Facilities and Standard Irradiation
Devices. Revised edition 1981/82.

EUR 5700 EN FS

1. Ruyter, H. Leeflang

Dimensional Measurements of the Petten Calibration
Pin

1st World Conference on Neutron Radiography,

San Diego, USA, 7-10 Dec. 1981. (ORA 30.303).

H. Steiner, B. Steinmetz, J. van Vliet, P. Zeisser
Irradiation Test and Verification of Restructuring
Models

Lecture at "SMIRT Conference”, Paris, Aug. 1981.
(ORA 19.982).

P. von der Hardt, H. Réttger (Ed.)
Neutron Radiography Handbook
EUR 7622 EN EP

P. von der Hardt

Programmme Progress Report HFR,
July - December 1980

COM 3865

P. von der Hardt

Annual Status Report 1980:
Operation of the High Flux Reactor
EUR 7256 EN FS

P. von der Hardt

Programme Progress Report
Operation of the High Flux Reactor
January - June 1981.

COM 3905.

P. von der Hardt, H. Réttger (Ed.)
Handbook of Materials Testing Reactors and
Associated Hot Laboratories in the European
Communities

EUR 5369 EN FS (Revised edition 1981).

W.L. Zijp, J.H. Baard

Nuclear Data Guide for Reactor Neutron Metrology.
EUR 7164 FS
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