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BEMAERK

Den viden, som rummes i dette dokument, meddeles som fortrolig fra
Kornmissionen for de europaeiske Faellesskaber til Medlemsstater, per-
soner og virksomheder og ma ikke videreaives til trediemand. (Euratom-
traktatens artikel 13 og Minersterradets forordning(EDF) N° 2380/74).

Hverken Kommissionen for de Europaeiske Faelleskaber eller nogen,
o . . .

som optraeder pa Kommissionens vegne er ansvarling for den eventuelle

brug af information, som er indeholdt i det félgende .

ZUR BEACHTUNG

Die in diesem Dokument enthaltenen Kenntnisse werden von der Kom-
mission der Europaischen Gemeinschaften den Mitgliedstaaten, Per-
sonen und Unternehmen der Gemeinschaft vertraulich mitgeteilt und
durfen nicht an Dritte weitergegeben werden. {Euratom-Vertrag, Arti-
kel 13, und Beschluss des Ministerrates (EWG) Nr. 2380/74).

Weder die Kommission der Europaischen Gemeinschaften noch Perso-
nen, die im Namen dieser Kommission handeln, sind fur die etwaige
Verwendung der nachstehenden Informationen verantwortlich.

NOTICE

The information contained in this document is communicated confi-
dentially by the Commission of the European Communities to Member
States, persons and undertakings and should not be passed on to third
parties. (Euratom-Treaty, Article 13, and Regulation (EEC) No.
2380/74 of the Council of Ministers).

Neither the Commission of the European Communities nor any person
acting on behalf of the Commission is responsible for the use which
might be made of the following information.

AVERTISSEMENT

Les connaissances contenues dans le présent document sont communi-
quees confidentietlement par la Commission des Communautées euro-
péennes aux Etats membres, personnes et entreprises et ne peuvent étre
transmises a des tiers, {Traité Euratom, article 13, et réglement (CEE)
N° 2380/74 du Conseil de Ministres).

Ni la Comrnission des Communautés européennes, ni aucune personne
agissant au nom de la Commission, n’est responsable de I'usage qui
pourrait étre fait des informations ci-aprés.

AVVERTIMENTO

Le cognizioni contenute nel presente documento sono comunicate con-
fidenzialmente dalla Commissione delle Comunita europee agli Stati
membri, persone ed imprese e non debbono essere trasmesse a terzi.
{Trattato Euratom, articolo 13, e regolamento (CCE) N° 2380/74 del
Consiglio dei Ministri).

Né la Commissione delle Comunita europee, né alcuna persona che
agisca per suo conto, & responsabile defl’'uso che dovesse essere fatto
delle informazioni che seguono.

OPMERKING

De kennis, die in dit document is vervat, wordt door de Commissie van
de Europese Gemeenschappen vertrouwelijk aan de Lid-Staten, per-
sonen en ondernemingen medegedeeld en mag niet aan derden worden
doorgegeven. (Euratom-Verdrag, artikel 13, en het besluit van de Mi-
nisterraad (EEG) No. 2380/74).

Noch de Commissie van de Europese Gemeenschappen, noch de per-
sonen die namens haar optreden, zijn verantwoordelijk voor het ge-
bruik, dat eventueel van de hiernavolgende informaties wordt gemaakt.
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1. INTRODUCTION TO THE
HFR PROGRAMME

The Council Decision of March 13, 1980,
concerning the 1980/83 JRC research plan,
defines for HFR Petten:

F. OPERATION OF LARGE-SCALE
INSTALLATIONS
Supplementary programme

F.1. Operation of the HFR reactor
(nuclear activity)

. It also allocates a four years’ budget of 52,22
MUCE and a staff of 88, of which 41 are
research staff.

A proposed Technical Annex to the Council
Decision reads as follows:

F.1. OPERATION OF THE HFR PETTEN

The operation of the reactor will continue
to the benefit of the research programmes
of the participating Member States and for the
JRC’s own requirements. Outside clients will
also be able to use the irradiation facilities on
payment.

During the next programme the teams will
continue the maintenance and upgrading of
the reactor and the development and improve-
ment of the irradiation equipment and
apparatus to enable this installation to hold
its place among the most important means of
irradiation of the Community.

1. DESCRIPTION

Within the new programme the reactor
operation will be pursued for the benefit of
research projects of participating member
states as well as for own JRC projects.
Available irradiation space will then be used,
against payment, by other clients and for
radioisotope production. The 1980-1983
irradiations will be carried out in support of:

- light water reactor development, in particular
transient fuel irradiations and experiments in
the scope of reactor safety,

- fuel and structural material testing for high
temperature reactor development,

- fast reactor fuel development; advanced fuel

stationary and  transient
as structural material

tests under
conditions as well
irradiations,

- fusion reactor materials development.
The horizontal beam tubes, on the other hand
will be used for nuclear physics and solid state
physics research.
Improvements of the pool side irradiation
facilities are planned within the new
programme. They will be introduced together
with the replacement of the reactor vessel.
Moreover, the construction of a remote
encapsulation facility for pre-irradiated fuel
pins is foreseen.
For the development of reduced enrichment
fuel for research and test reactors, the Petten
Establishment will continue to act as a
meeting point for experts in the field. It will
also carry out irradiations and post-irradiation
examens on test elements with enrichments
below 20°/o 235U, as a contribution to the
international effort to reduce the quantities
of highly enriched uranium used worldwide.

2. EXTERNAL COLLABORATION

With most Nuclear Research Centres within
the Community.

3. PLANNING

Operation and utilization of HFR Petten are
continuous tasks, following detailed time
schedules which are updated periodically.

Unlike most of the other JRC research
programmes, “HFR Operation” is not formally
subdivided into individual projects. For the sake
of the Programme Progress Reports, however,
three projects are defined:

- I. HFR Operation and Maintenance

- 2. Reactor Utilization

- 3. General Activities

(see Table of Contents).

On a lower level of subdivision, the term
“project” appears again when referring to
irradiation projects and individual supporting
activities. These are also addressed by the “HFR
Project Cards” which are used as a medium
term management tool for JRC staff and reactor
users.

The following “‘poster’” pages inform about the
main aspects of operation, utilisation, and
management of HFR Petten.



MAIN CHARACTERISTICS

ORR TYPE
45 MW ( 50)
H,0 COOLED/MODERATED Be MODERATED/REFLECTED

MTR (PLATE) TYPE FUEL ELEMENTS,
93°%/0 ENRICHED, 19 198 PER ELEMENT
29 IRRADIATION POSITIONS, 11 HORIZONTAL BEAM TUBES
COOLANT PRESSURE 0,24 MPa, COOLANT TEMPERATURE 313 K
ANNUAL AVAILABILITY 75 %0 AVERAGE UTILIZATION 70%

MAIN UTILIZATION

o FAST BREEDER REACTOR STRUCTURAL MATERIALS
IRRADIATIONS

e FAST BREEDER REACTOR FUEL PIN TESTING UNDER ABNORMAL
CONDITIONS AND UNDER OPERATIONAL TRANSIENTS

e LIGHT WATER REACTOR FUEL PIN POWER RAMPING

o HIGH TEMPERATURE GAS COOLED REACTOR GRAPHITE AND FUEL
ELEMENT IRRADIATIONS

¢ NUCLEARSTRUCTURE AND SOLID STATE PHYSICS EXPERIMENTS

e RADIOISOTOPE PRODUCTION, ACTIVATION ANALYSIS

¢ NEUTRON RADIOGRAPHY, NEUTRON DOSIMETRY DEVELOPMENT

UTILIZATION

WHY ARE THESE EXPERIMENTS CARRIED OUT IN THE HFR?

o FAST BREEDER REACTOR STRUCTURAL MATERIALS IRRADIATIONS:
SEVERAL HIGHLY RELIABLE IRRADIATION CAPSULES AND SPECIAL
HOT CELL EQUIPMENT AVAILABLE

e 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

e LIGHT WATER REACTOR FUEL PIN POWER RAMPING :

AVAILABILITY OF THE PSF AND OF LARGE CONTROL EQUIPMENT

¢ HIGH TEMPERATURE GAS COOLED REACTOR GRAPHITE AND FUEL
ELEMENT IRRADIATIONS:

WELL-KNOWN FLUX SPECTRA, SEVERAL PROVEN CAPSULE TYPES,
HOT CELL RE-ENCAPSULATION FACILITY FOR ACTIVE SAMPLES

o NUCLEARSTRUCTURE AND SOLID STATE PHYSICS EXPERIMENTS:
NUMEROUS EXPERIMENTAL INSTALLATIONS, LONG-STANDING
EXPERTISE

¢ RADIOISOTOPE PRODUCTION, ACTIVATION ANALYSIS:

REGULAR REACTOR OPERATIONS, MANY SPECIAL FACILITIES, HIGH
NEUTRON FLUXES

¢ NEUTRON RADIOGRAPHY,NEUTRON DOSIMETRY DEVELOPMENT:

MODERN, PURPOSEFUL EQUIPMENT, WELL-KNOWN FLUX SPECTRA







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, 86.....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

In-core instrumentation test rigs

FISSILE MATERIALS TESTING, IN-TANK FACILITIES

Single or triple, double-walled Na (NaK)- filled, 500.......1 000°C clad temperature, 400.......1200 Wt:m'1

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: BF3 operated power transient facility.

FISSILE MATERIALS TESTING, POOL SIDE FACILITY (PSF)

Single-walled Boiling Water Fuel Capsule (BWFC), variable power, 70...1 50 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

Double-walled, Na {NaK)-filled, single or double carrier capsule. Variable power, 500....1 200 Wcm'1,
400.....800°C clad temperature. Fuel pin length up to 500 or 1600 mm.
Optional : Different types of fuel pin instrumentation.

Under development: Encapsulation facility for pre-irradiated fuel pins

MISCELLANEOUS

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 based data loggers




UPGRADING AND DEVELOPMENT
1966 - 1979

e POWER INCREASES 20 TO 30,30 TO 45 MW

e INTRODUCTION OF BURNABLE POISON FUEL

e SEVERAL CORE CONFIGURATION CHANGES

s COMPLETE REPLACEMENT OF REACTOR AND GENERAL PURPOSE
EXPERIMENTAL INSTRUMENTATION

e NEWIN-TANK EXPERIMENT PENETRATIONS

e SEVERAL IMPROVEMENTS ON MAJOR PLANT SYSTEMS

e IN-HOUSE COMPUTER CODE DEVELOPMENTS

FUTURE DEVELOPMENTS

o SECOND NEUTRON RADIOGRAPHY FACILITY (1981)

e REPLACEMENT OF THE REACTOR VESSEL (1982/83)

e DEVELOPMENT OF REDUCED ENRICHMENT FUEL (1981/84)

e STUDIES FOR A POWER INCREASE TO 60 MW (1982)

e NEW REACTOR AND EXPERIMENT DATA LOGGERS (1980/81)
e MEDIUM ACTIVITY LABORATORY (1984/85)

o NEW DISMANTLING CELL TRANSFER SYSTEM (1980/81)

o ENLARGED COMPUTING FACILITIES (1981)

e NEUTRON BEAM QUALITY IMPROVEMENTS (1982/83)

PROGRAMME MANAGEMENT

OPERATION AND UTILIZATION WITHIN JRC PLURIANNUAL
RESEARCH PROGRAMMES

OPERATION BY EXTERNAL ORGANIZATION UNDER CONTRACT
PREDETERMINED FOUR YEARS' FUNDING, DETAILED ANNUAL
BUDGETS

LONG-TERM SUPPLY AND SERVICE CONTRACTS

CENTRAL DECISIGN MAKING, VARIOUS ADVISORY COMMITTEES
DETAILED PERMANENT PROJECT AND RESOURCE PLANNING
INTEGRATED PROJECT WORKING GROUPS

SEMI-ANNUAL PROGRAMME PROGRESS REPORTS AND FINANCIAL
SURVEYS.

TYPICAL HFR BUDGET:
REACTOR OPERATION AND MAINTENANCE STAFF (70) 20%o0

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 5

100%0







Projects



Fig. 1 HFR Petten. View into the reactor pool.
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In Table 2 some basic operation data during this half
year are compared with the data of the previous half
year. The table reveals that reactor operation was
interrupted by 12 unscheduled scrams, 1 unscheduled
power decrease, while 2 scrams and 3 power decreases
were scheduled in accordance with various experimental
requirements.

Table 2 Basic operating data

One manual scram, necessitated by data
malfunctioning and subsequent
irradiation experiment (D148),
poisoning and, thus, core reloading’
More detailed information is given in Table 3 on the
intended, and in Table 4 on the unscheduled reactor
power deviations.

logger
unloading of an
resulted in xenon

Subject 1st half 1980 2nd half 1980
Integrated reactor power Mwd 6738 5500
Average reactor power MW 44 8 44 .08
Operating time /0 82,6 67,9
Unscheduled shutdown time %0 0,8 0,9
Unscheduled scrams - 21 12
Unscheduled power decreases - -1 1
Planned scrams - 5 2
Planned power decreases - 5 3
Fuel consumption g 235y 8416 6870
Stack radioactivity release Ci(41Ar) 275,7 191
Table 3 Intended, mostly scheduled, manual reactor shut-downs and power decreases.
Date Hour Duration | Disturbance | Reactor system Cause Code | Core no.
hrs./min. type or experiment
4/9 09.51 01.35 MS R139-K§& Manual reactor shut down for ME 80.08.1
repair of Vertical Displace-
ment Unit R139-K8
26/11 1141 02.49 MPD Reactor core Small foreign object on fuel MR 80.11.1
(30 MW) element in core position G4
27/11 | 1242 00.05 MPD D148.02 In reaction to unexplained ME 80.11.1
(30 MW) temperature alarms
27/11 | 13,16 00.27 MPD ER 136.03 Loading of facility ME 80.11.2
(0 MW)
27/11 [ 17.57 18.13 MS D148.02 Removal of experiment and ME 80.11.3
core reloading
AS :  Automatic scram I Instrument failure
APD Automatic power decrease (0] Human error
MPD Manual power decrease PS Power supply failure
MS Manual shut-down M Intended stop or power decrease
F :  Failure system or operating condition R Reactor
E Experiment
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Table 4 Unintended, unscheduled automatic power changes and scrams.
Date Hour | Duration | Disturbance | Reactor system Cause Code | Core no.
hirs./min. type or experiment
13/8 11.57 | 00.23 AS E170.01 Probable cause, power OE 80.07.1
disturbance during
maintenance work
18/8 14.15| 00.21 APD D147.02 Technical disturbance during OE 80.07.1
(15 MW) pre-operational preparation of
experiment
22/8 11.28 | 0032 AS R63.22 Cooling water tube coupling OE 80.07.1
accidentally disconnected
during in-pool manipulations
17/9 14.50 | 00.17 AS Power supply Mains failure PS 80.08.1
16/10 | 01.00| 00.25 AS R63.23 Cooling flow disturbance due OE 80.09.1
to in-pool manipulations
3/11 14.53 | 00.20 AS R63.23 During check out of experi- OE 80.10.1
ment a wrong switch activated
5/11 1353 00.18 AS R63.23 During cleaning work a switch OE 80.10.1
accidentally activated
9/11 1948 | 00.16 AS Reactor Low primary pressure due to FE 80.10.1
water leakage caused by
malfunctioning of ER136
loading plug
27/11 | 1437 00.23 AS D148.02 In reaction to unexplained IE
temperature alarms *)
3/12 16431 00.16 AS Reactor inter- Scram button touched OR 80.11.3
lock accidentally
9/12 1644 | 00.16 AS Flux channel 2 | Water in protection hose of IR 80.11.3
ionization chamber
14/12 1 0934 | 00.23 AS Primary system { Low primary pressure due to FE 80.11.3
water leakage, caused by
malfunctioning of ER136
loading plug
18/12 | 18.52] 00.17 AS D147.02 Bending of cooling water hose OE 80.11.3
during in-pool manipulation
AS Automatic scram I Instrument failure
APD Automatic power decrease O Operating error
MPD Manual power decrease PS : Power supply failure
MS Manual shut-down M Intended stop or power decrease
F Failure system or operating condition R Reactor
E Experiment
*) The perturbances caused by experiment D148.02 on November 27, 1980, have been identified as

instrument failures (malfunctioning of a new data logger).
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Similar measurements at HX 2 did not show up any
clear pipe vibrations. However, also in this heat
exchanger rattling noises have been observed and an
increase in play between pipes and baffle plates has
been measured.

Future measurements will be directed towards more
detailed assessment of vibration characteristics and
origin, and towards a non-destructive check on
possible pipe wall damage.

As precautionary measure primary cooling flow has
been slightly reduced in order to eliminate rattling.

o Internal inspection of the underground section of the

secondary cooling circuit between secondary and
primary pump building has only revealed some local
erosion and corrosion effects. Repairs were made to
the walls of the concrete sections. Some components
in the joints which isolate the reduction piece from
the adjacent pipe sections have been replaced.
Some difficulties were experienced in getting the
pipes drained at the lowest part of the circuit, but
hopefully this has not affected the quality of the
concrete repair work.

o Adjustment of automatic secondary inlet (filter
rotating chain in order to reduce mechanical
overload problems.

o Cleaning of chlorine dosage input piping to secondary
cooling circuit in order to restore full nominal
flow characteristics.

o Installation of protection tube around *“LFR”
connection joint in secondary cooling outlet circuit.
Protection of this joint, at which several non-HFR
waste water circuits are connected to the secondary
outlet tubing, is necessary because of the dynamic
behaviour of the sand dune profile in this area.

o Repair of secondary pump outlet valve no. 1. Due to
internal wear and vibrations, the locking pin between
spindle and gate had loosened and flushed away,
resulting in the valve gate having lodged in its
bottom position. Inspection of outlet valve no. 2
did not reveal similar problems.

o Replacement of rubber gaskets of pool door no. 2.

Off gas and ventilation systems

o Flow resistance and absorption tests carried out at
off-gas filters.
Absorption capacity was satisfactory ( > 85 O/o for
methyl iodide) but due to high flow resistance
(280 mm WG) the complete no. 1 filter unit,
consisting of 2 absolute and 4 carbon filter units, was
replaced. Subsequent measurements on individual
filter units revealed that the increase in filter
resistance could be attributed almost fully to the
absolute filters (Ap increase from 11 to 215 mm WG
at 2250 m3/h).

In future cases the - rather expensive - charcoal filter
units will not be replaced unless their absorption
efficiency for methyl iodide is reduced to below
80 ©/o (fresh filters: 99 ©/o). The corresponding
absorption efficiencies for elementary iodine are
obviously very much higher.

Off-gas blower and filter section in reactor hall
basement isolated from remainder of basement by
double stone walls. Tests have indicated that the
resulting poorer ventilatation conditions have not led
to much higher blower temperature (increase < 5 °0)

Buildings

(o]

bJ

Containment building leakage tests carried out with
considerably improved measuring set-up and
possibility for reference leakage check (see par.
2.1.3.5).

Verification of proper roundness of track of reactor
building rotating crane. Maximum diameter deviation
determined between + 7 mm and — 4 mm, which is
acceptable and does not deviate from preceeding
checks.

Internal inspection of reactor building water lock.
Both 8” and 12 connection pipes require anti-
corrosion treatment during forthcoming extended
maintenance shut-down.

Instrumentation

Reactor Instrumentation

(o}

Replacement of signal cable and protection hoses on
start up channel 2, period channels 1 and 3, safety
channel 2, the automatic control channel and the
linear channel.

A study has been started to investigate the possible
installation of a redundant second safety channel
system, fully separated and independent from the
present systems. The installation of SPN (self
powered neutron) detectors as near as possible to the
reactor core has been envisaged, connected to
amplifiers in the sub pile room with direct action on
the control rod magnets.

Process Instrumentation

o

Temperature measurements.

One of the three thermowells in the reactor outlet
cooling water system has broken off, probably due to
mechanical vibration-induced fatigue. The broken
part of the detector well was found in the decay tank.
All thermowells in the primary cooling water circuit
have been replaced by a modified type with a welded



flange connection and a larger diameter of the
mechanically most vulnerable section.

o Hot drain tank level measuring system

After some starting problems the acoustic level
measuring system on tank no. 1 proved to be
accurate and reliable. Similar measuring systems for
the remaining tanks have now been ordered.

Miscellaneous

o Installation of a new air tight penetration block
for coaxial cables in the reactor building wall.

c) Electrical Installations
o Supply Systems

- Replacement of burnt transformer unit in VZO-2
(failure-free) power supply unit (caused by a defect
controller).

- Local characteristics of high voltage transformers
determined. Overload aspects discussed with utilities.

- Relocation of power supply boxes in reactor building
and several laboratories.

o Reactor systems and components

- Primary pump field break switch coils rewound, new
parts manufactured, wiring renewed. As these
switches are of a now obsolete design, commercial
spare parts are no longer available.

- Power switches for emergency pumps and emergency
lighting systems inspected and overhauled.

- Warm and hot drain pumps interlock systems
modified, permitting remote cut-off in case of reactor
containment isolation (TMI-2 lesson !).

- Overhaul of secondary cooling pump no. 4, COj
blower and Reverse Osmose Installation flush pumps.

o Miscellaneous provisions

- New halogen type spotlights installed adjacent to
storage pools.

- Various improvements and extensions.

- Vehicle airlock switching system overhauled; all
clamping strips renewed.

d) General irradiation facilities

o Isotope production and activation analysis facilities

- Mechanical switch in underground pneumatic rabbit
conveyor piping replaced by a photo cell unit.

o Cooling water supply and distribution systems

- Clean up of PSF cooling circuits. Radiation levels
reduced from 20 - 40 to < 2 mR/hr.
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New low flow system ordered.

The system consists of a central switch and indication
panel with the possibility to connect the flow
contacts to the reactor safety system in either the
scram or the APD action mode.

Status indication of the switches and flow contacts
is foreseen on the local panel and on the HFR control
room panel.

Gas supply and distribution systems

“Oxisorb” and associated valves at main gas service
station replaced. Preparations for installation of new
humidity sensor.

New TRIO gas-supply panels connected to standard
alarm systems.

PSF support and trolley facilities

4 new fast trolleys assembled and installed, 4 defect
trolleys renewed and repaired.

Prototype ‘‘push-pull” trolley assembled, installed
and tested (see paragr. 2.3.3.7).

Data acquisition and processing systems

Two of the new standard datalogger cabinets have
now been assembled and will be installed during the
December/January maintenance shut-down. At the
same time the signal connection box (COBO) will
be replaced.

For the further implementation of the new datalogger
generation see time-schedule, Fig. 16.

The central data collection system “DACOS” has
been taken in use with one data logger for irradiation
experiments and one for the reactor parameters. The
software of the DACOS system has been tested for
the extension with more data loggers. A special
program has been written to generate a survey of the
actual PSF situation on the screens. The distance to
the core and the type of the irradiation experiment
can be displayed.

The hardware of the computer system has been
extended with a third disc-unit (type RLol) and with
a second & lines multiplexer. In total 16 in/output
lines are now available for data loggers and visual
display screens.

In addition to the main task of data collection it has
been decided to extend the DACOS system in such a
way that also a large part of the off-line data analysis
can be performed by the system. Therefore a larger
central processor has been ordered and will be
installed in March 1981.

This new computer will be a VAX 11/750 with two
disc units of 28 Mega bytes. A drum plotter will also
be connected to the system, to provide plots of
temperatures vs. irradiation time, etc.
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2.13.4 Fuel Cycle

a) Uranium supply

About 40 kg of highly enriched materials have been
supplied to Europe in October 1980. They are needed
for the 1981 fuel element and control rod manufature.

b) Local fuel element management

During the second half year of 1980, 71 new fuel
elements have been delivered (see Table 5) of which
24 elements with the increased uranium contents of
405 g 235U,

c) Spent fuel transports

34 depleted fuel elements and 8 depleted control rods
have been transferred for reprocessing to the Savannah
River reprocessing plant (see Table 5).

The decay power of this transport was 1432 W,

The next transport will include 13 spent fuel elements
from the HOR research reactor in Delft, The Nether-
lands. These elements have been shipped to Petten on
June 24, 1980 under an agreement with the Delft
Technical University (I.R.L.).

Fig. 19 a and b show the arrival of the Delft element
transport in HFR pool no. 2.

d) Compact fuel storage

Specifications for compact storage requirements have
been drawn up and several firms will be approached for
a quotation for design and fabrication of compact
storage racks.

e) Low enriched (“LEU”) fuel test
irradiations (Louise/Ludwig project)

Preparations for the test irradiations of two UAlx -Al

and two U30g-Al plate-type fuel elements, both 20 O/o

enriched, have been continued.

They consisted of :

o Discussion and final approval of the design of the
elements. Special features of the design are :

- same specific U235 content, slightly thicker
fuel plates then present elements.

- reduced number of plates in order to maintain
present cooling channel width.

- flux monitors incorporated in non-fuelled end
plates.

- square top section in order to facilitate access
for neutron dosimetry and cooling channel
inspection.

- Cd-wires in side plates as burnable poison.

o Drafting a design and safety report

o Evaluation of flux dosimetry and cooling channel
measurement tooling requirements. A special dosi-
metry “sword’” has been designed for extensive low
power measurements. For channel width measure-
ments the acquisition of an ultrasonic channel gauge,
developed by EG & G, is being considered.

o Shipment of flux monitor tubes to the fuel element
manufaturers.

The irradiations are now scheduled to start in the
summer of 1981.

The international situation of reduced enrichment fuel
development for research and test reactors has been
reviewed in a meeting at the Argonne National
Laboratory, on November 12 - 14, 1980.

Table 5 Fuel element and control rod movements, 1979/80.
First half Second half | First half Second half

1979 1979 1980 1980
Transfer of depleted fuel elements - 73 32 34
Transfer of depleted control rods - 11 10 8
Average burn-up of transferred fuel elements - 5190 52%0 52%0
Average burn-up of transferred control rods - 55%0 51°%/0 51°%/0
Delivery of new fuel elements 11 24 39 71
Delivery of new control rods - - 14 -
New fuel elements available for use at end of half year 26 18 27 62
New control rods available for use at end of half year 16 8 14 6
New fuel elements charged to core 36 32 30 36
New control rods charged to core 8 8 8 8
Fuel elements depleted 34 22 31 37
Average burn-up of depleted fuel elements 53%0 51%0 52%0 51%0
Control rods depleted 6 7 10 7
Average burn-up of depleted control rods 52%0 49°/0 490/0 45%/o
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2.1.3.5 Miscellaneous Tasks

Reactor containment building high pressure
leakage rate test

According to an agreement with the licensing authorities
a supplementary high pressure leakage test [1] with
subsequent calibration run has been performed in
July 1980.

Preceding the measurements local soap tests were
performed at most penetrations. No major leakages were
detected.

The containment was pressurized up to 045 bar over-
pressure. The actual measurements started at 11.54 hr
on July 1 (see Fig. 20 and 21). The gross leakage rate
which could be derived from the measuring data during
the first 24 hours was - 0,0039 + 0,0043 %/o per day.

From separate mcasurements on pressurized systems
(cryostats, sweep systems, etc.) in the containment an
inflow of 0.038 0/o per day was determined.
Combination of both results and extrapolating to 0.5 bar
overpressure Yyielded an absolute leakage rate of
0,035 + 0,004 /o per day at 0,5 bar (outflow). The
results is well below the allowable limit value of 0,1 °/o
per day.

After this 24 hr. measuring period (see Fig. 21) a
calibration test was carried out. Instead of a present
leakage rate, as applied in Aug. ’79, a stepwise gas
release was applied this time. In this way the influence
of interfering day/night effects was eliminated.

The amount of gas released in about 1 hour, as measured
with a calibrated gasmeter and calculated with the
applied computer program, was 124,0 + 1,5 kg and
125,7 kg respectively. The relative difference between
both figures (1,5 9/0) is well below the maximum
allowable deviation (10 0/o).

An additional gas release of about 650 kg was used for
calibration of the free volume of the containment.
Evaluation of the result of this second calibration run
has led to a correction of - 1 4 %/0 with regard to the
free volume (11950 m3 becomes 11390 m3),

The new measuring equipment and automatized data
sampling and evaluation have functioned in a reliable
way during this test. Since this complete test satisfies
the official requirements the next integral high pressure
leakage test will be performed in 1984.

2.1.3.6 Users’ Services

a) 60C0 production in the HFR [2]

Previous calculations showed that production of large
60Co specimens in the HFR offers too many
disadvantages in terms of reactivity costs and flux
depression. Another possibility of the irradiation of Co
grains of 1 mm diameter, | mm long and lined up in
48 longitudinal grooves milled into an aluminium carrier
tube and covered by a thin walled Al cladding (see
Fig. 22), has now also been examined.

A configuration has been assumed in which the carrier
tubes are inserted in beryllium filler elements in
irradiation positions B1, B9, C1 and C9.

According to calculations the specific activity yield
would now be 3,5 to 4 times that of the previous set-up
i.e. 100 Ci/g Co after one year (see Table 6).

The anti-reactivity due to the Co irradiation would be
about 700 p.c.m., which is acceptable for reactor
operation.

b) Fission power in POCY (E170) [3]
(see paragr. 2.2.3.5)

The fission power of POCY has been calculated in order
to confirm that a linear power of at least 540 W/cm in
PSF 4, at 63 mm distance from the core box wall can be
obtained.

The fuel consists of (U + Pu)O2 with 10 and 20 /0
enriched 235U in a configuration as shown in Fig. 23.
The calculations yielded attainable linear powers of
1239 and 1184 W/cm for an enrichment of 20 and
10 %o respectively, which means that the desired

Table 6 Specific activities in Ci per gram Co after irradiation times “T”’ in years.
Activity in Ci/g after time “T”

Reflector

position T=1year | T=2years | T=3years | T=4years | T =5 years T=o0
B1 89,5 168,3 2373 297,7 350,8 727,6
B9 93,7 176,2 248 4 311,7 367,2 761,8
Cl 100,0 188,0 265,0 3325 391,7 813,0
Cc9 99,7 187,5 2643 331,7 390,7 810,6
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e) Optimization of DUELL absorber shield
(see paragr. 2.2.3.5)

Various options have been selected and analyzed for a
thermal neutron absorber shield which could provide
better axial, radial and circumferential flux flattening in
the DUELL irradiation facility. The following shielding
configurations have been examined:

- without a neutron shield

- a stainless steel shield of 0,7 cm thickness

- a SS shield of 1,2 cm thickness

- a Co-SS shield of 0,7 cm thickness

The results are plotted in Fig. 25 and refer to a distance
of 6 cm to the core box wall [5].

Also the influence of the distance to the core box wall
was determined. The relative fluxes were computed for
3 distances for case b.

f) “H2O0-power control of E172 facility
{“Corrox’’)

As an alternative to the power control by means of the
cadmium ‘“minirods’, the feasibility and effectiveness
of changing the water/gas configuration around the
Corrox-fuel pins has been studied [6], [7].

The principle idea is to fill up the room between fuel
pins and filler element with thin S.S. tubes. These tubes
are divided into groups, which can be filled with water
or air separately. In order to estimate the possibilities
of this concept two HIP-TEDDI calculations have been
performed :
- Core 6130, CORROX in H6, all S.S. tubes
and interspaces filled with H,O.
- Core 6131, CORROX in H6, all 8.S. tubes and
interspaces filled with air.

The calculations have led to the following conclusions:

o The maximum available power control range is about
+12,5 °)o.
This range covers the differences in flux conditions
for the positions H2, H4, H6, H8, G3, G5, G7, F2
and F8. :

o The reactivity change due to filling up the S.S. tubes
and interspaces with water is about + 300 pcm.

o The vertical power distribution will not be affected
by H2O power control.

The power control range might be further enlarged
by the application of a Boric acid solution instead of
water.

2.1.3.7 Neutron Metrology Methods Development

a) Interlaboratory experiment REAL-80

During the workshop session on ‘““Adjustment Codes,
Uncertainties and Input Needs” of the 3rd ASTM-
Euratom Symposium on Reactor Dosimetry (held in
Ispra, 1 - 5 October, 1979), the suggestion was made
to organize a follow-up of the previous international
activities on the intercomparison of unfolding codes.

It was felt that a study should be made on the
uncertainty of integral parameters (displacement rates
and activation rates), derived from neutron flux density
spectrum  information (based on experimental
activation rates) by an unfolding procedure.

The exercise will have the code name REAL-80
(Reaction Rate Estimates, Evaluated by Adjustment
Analysis in Leading Laboratories).

One of the candidate neutron spectra, as typical for a
thermal research reactor in the REAL-80 exercise was
the spectrum for HFR mid core position ES. The input
spectrum was obtained as smoothed results from a two
dimensional diffusion code.

Within the framework of REAL-80 calculations have
been performed to find estimates for missing physical
data for the variance-covariance matrix. The output of
some unfolding codes depends on this variance-
covariance matrix.

For this reason some calculations have been performed
with different matrices to study their influence. The
calculations were performed with the Petten version of
the program STAY’SL and are reported in [8].

The ES5 spectrum has been documented in [9] together
with 5 other spectra : CTR, 252Cf, 235U, CFRMF and
ZZ. For each spectrum flux density values are given in
the ABBN group structure, together with flux density
values for some special energy groups. Furthermore
damage-to-activation ratio (DAR) values are given for
graphite, steel and aluminium.

b) Cross section library PALPHAS0

In report [10] a documentation is given of a cross
section library called PALPHAS80, which has been
composed in order to be able to calculate the hydrogen
and helium production in materials irradiated in neutron
fields. The gas generation due to irradiation also causes
damage effects in construction materials.

The library PALPHAB80 contains cross section data for
37 elements of material, which produce hydrogen or
helium under neutron irradiation. The cross section data
have been taken from the ENDF/B-IV dosimetry file
with aid of the program ENTOSAN.

The library has been used for the calculation of the
number of displacements and the number of hydrogen
and helium atoms per target atom for an irradiation of
250 days again in experiment position ES.

The results have been presented in [11].
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2.1.3.8 HFR Vessel Replacement

a) Reactor Vessel Design

The design work on the new vessel is now complete and
the final output of design drawings has been submitted
by the contractor. A final draft of the design report has
been prepared and will be issued, after review early in
1981.

b) Beam Tube Design

Preliminary calculations have been -performed to
establish the beam tube cooling requirements. The
proposed design of the cooling system encloses the beam
tube ends in a shroud plate running parallel to the core
box wall. The space so formed is forced fed from the
pool cooling water system.

Work on the remainder of the contract will be
completed by June 1981.

c) Hydraulic Tests

Half scale hydraulic tests will be performed on a model
of the new reactor vessel in order to optimise the
primary coolant inlet baffle geometry and to establish
the core flow distribution. The model and test rig were
assembled in October and at the end of the reporting
period leak tests had been completed and commissioning
of the flow and laser doppler instrumentation were well
advanced. The core discharge area has now been
included in the model because the vessel design in this
region is sufficiently changed from the present design
to have an effect on the core flow distribution and the
overall pressure drop. The first test run is scheduled for
January 1981.

d) Reactor Transient Calculations

The ASME code includes requirements to perform

calculations demonstrating the safe response of the

reactor vessel under upset, emergency and faulted
conditions. These abnormal conditions can be
conveniently categorised as follows :

- reactivity faults (e.g. control rod withdrawal at
power, cold water injection, experiment failure, over
power transient due to start-up accident)

- plant failures (e.g. loss of coolant, electrical power
supply failure, NaK or Na filled capsule failure)

- maximum credible accident resulting from partial
fuel blockage (see below).

For analysing the HFR core behaviour under transient
conditions the computer program AIROS II-A was used.
AIROS 1II-A solves the space-independant reactor
kinetics equations and in addition provides for the
determination of reactivity by solving the discretized
equations which represent the spatial heat and mass
transfer models for several fuel channels, including fuel
melting, coolant boiling, and vaporization and burn-out.
In addition the program has also provisions for flow

decay and decay heating. The code calculates power,
inverse period and temperatures as a function of time.

In order to assess the safety of a reactor system one
has to define a series of upset conditions. Typically
these are deviations from normal conditions which are
anticipated to occur often enough so that the system
should include a capability to withstand the conditions
without operational impairment. These conditions
include transients from single operation error or equip-
ment malfunction,

The table below gives a survey of the various conceivable
reactor accidents which have been calculated.

Case | Description

1 Control rod withdrawal from full power
and runaway of all rods.

2 Cold water incident giving a reactor period
of 1,3 seconds.

3 A 5 8§ /s reactivity insertion rate inflicted
by experimental failure.

4 Start-up accident, control rod withdrawal
from a cold clean core.

S Loss of primary cooling flow to 7 0/o of
full flow in 1 second.

To investigate the accidents it is further assumed that:

- the nominal reactor power is 55 MW

- the only shut-down mechanism is the safety
level trip which is set to scram the reactor
at 60 MW

- the mean delay time between the time that
the scram- signal is sensed and the release of
the control rods is 58 msec.

- a maximum load channel is defined subject
to unfavourable nuclear and hydraulic
conditions with the following characteristics :

Channel power 110 kW
Core pressure drop 0,72 bar
Coolant velocity 4,19 m/s
Type of flow single phase

Table 8 gives a summary of the comparational results as
obtained with the AIROS code.

From the results the conclusion can be drawn that,
under the circumstances postulated, the fuel plate
temperature remains well below the melting point of
aluminium and the maximum outlet temperature of the
cooling flow remains below the water boiling tempera-
ture. The results confirm the conclusion stated in the
present safety report.

e) Pool Cooling System

Studies are in hand to investigate the uprating and
modification of the pool cooling system with a view to
providing a larger and more carefully directed flow
which will inhibit the migration of 16N to the pool
surface and so reduce the activity level. It will also be
necessary to demonstrate the compatibility of the new
system with the beam tube and vessel wall cooling
requirements.












gl Aluminium Irradiation Testing and
Surveillance

The ongoing HFR aluminium surveillance programme
(experiment RX 92) has demonstrated that neutron
irradiation influences the mechanical properties of the
present vessel material. A gradual increase in tensile
strength accompanied by a reduction in ductility has
been demonstrated and though certain stabilization
effects seem apparent, saturation values for these
properties have not yet been reached. A property, which
is not investigated by the RX 92 programme but which
may be of considerable importance for the mechanical
reliability of the corebox walls, is the so-called Ky or
fracture toughness factor. As any future surveillance
programme will probably have to include the effect of
irradiation upon this property and as little is known at
present about the execution and optimum specimen
choice for such investigations an irradiation test called
“SURP”, (RX 189.0) has been prepared which will
address these questions.

The “SURP” irradiation facility consists of an
aluminium holder which can be placed in a normal filler
element of 72 mm diameter. In the middle of this holder
the specimen carrier is placed, containing two columns
of each six specimens. Cooling takes place by the
normal primary cooling flow. The facility will not be
instrumented. A draft design and safety report for this
irradiation has been made. Material for machinery of the
specimen is available. Manufacturing of the samples and
execution of the irradiation will take place as soon as
ongoing discussions about the sample geometry and
configurations have led to a final result.

Published reports, coming mostly from Oak Ridge
National Laboratory unequivocally show that the
embrittlement and increase in strength of aluminium
alloys are to a large extent caused by the trans-
mutation produced silicon due to thermal neutrons.
These strength and ductility changes are particularly
severe in the solution hardened magnesium containing
5000-series aluminium alloys, because of the formation
of Mg)Si precipitates on a very fine scale. Reduction in
ductility is likely to continue as long as dissolved
magnesium is available for formation of Mg)Si.

As stated above the RX 92 results support this view.
Tensile tests on the latest batch of samples, irradiated
to approximately ¢th = 5,1 x 1022 n/em?2 (E <
0,025 eV), show uniform and total ductilities of only
0,8 and 1,5 %0 at 50 OC and no tendency of saturation.
At this thermal fluence level, which is typical for some
parts of the HFR vessel at present, it is estimated that
only about half the original Mg content has been
consumed by Mg)Si precipitates.

Microstructural investigation by means of electron-
microscopy is in progress in an attempt to correlate
quantitatively the mechanical property changes of
5154 to the size and density of the Mg2Si precipitates.

Based on the literature data, a precipitation-hardened
6000-series aluminium alloy (e.g. 6061, 6063) would be
preferable for construction of the replacement vessel.

h) Vessel Manufacture

In preparation for selecting a manufacturer, an informal
enquiry was launched in October/November with more
than 35 European companies. At present five companies
have expressed an interest in receiving a formal call for
tenders. Contract specifications are currently being
prepared which will define the tasks and responsibilities
during the manufacturing phase. The main functions
envisaged are:

- fabrication (to include preparation of workshop
drawings, supply of material, work test and delivery)

- inspection service (to include supervision, control
and/or performance of all quality assurance and
inspection requirements laid down by the ASME code
and by the licensing authority).

- overall project management (to supervise and progress
the total project and to provide an interface with the
vessel designers).

Contracts for all three tasks will be placed in the first
quarter of 1981.
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2.2 Reactor Utilization

221 Objectives

The reactor can be considered as a neutron source for
solid state physics (diffraction), nuclear physics (n,y
reactions), radioisotope production and activation
analysis (activation), fissile material testing (fissions),
and structural material testing (radiation damage).

The work in and around HFR Petten is oriented towards
the conception and implementation of experiments
using the above-mentioned interactions of neutrons with
matter.

The key objectives, expressed by the number of experi-
ments, for the reporting period have been, according to
the planning of June 19, 1980 :

- start of new irradiations 20
- continued irradiation throughout the six months 7
- unloading after end of irradiation 10
- short term transient irradiations 14

- 8 to 9 horizontal beam tubes in permanent use,
- 3 isotope facilities in permanent use, 6 facilities in
intermittent operation.

222 Methods

Technological irradiation projects come into existence

by request of experimenters (JRC or external organiza-

tion). They then pass through the following main stages:

- Design study (feasibility study), preliminary
planning

- Detail design and calculations, detailed planning

- Safety analysis and assessment

- Machining, purchase of material, instrumentation

- Assembly and testing

- Commissioning, loading and connection in HFR

- Irradiation, surveillance, data acquisition

- Unloading, dismantling

- Post irradiation examens (PIE)

- Reporting.

More detailed project management schemes have been
elaborated, featuring about 100 steps per project.
Considering that about 30 irradiation projects are
handled simultaneously, one can easily judge the work
volume involved. It has turned out during the years
that the reactor occupation by irradiation experiments
is limited by the available staff rather than by
experimenters’ request.

For non-energetic applications (solid state and nuclear
physics experiments, radioisotope production and
activation analysis) the project stages are different from
above-mentioned scenarios. Usually, fixed installations
and long-term facilities are used (which do undergo the
complete development cycle) in which the individual
target can be irradiated with a minimum amount of
technical and administrative preparation.

223 Results

2.2.3.1  Graphite

A large number of graphite samples has been irradiated
since 1962. The HFR graphite irradiation programme
supplies the necessary design base for the nuclear process
heat and the direct cycle concepts of the High Tempera-
ture Reactor (HTR).

The irradiation capsules contain unstressed samples
(fundamental properties programme) or creep specimens
under tension or compression. They are irradiated in
three to four fluence steps, with intermediate measure-
ment of their changed physical properties. For the
reflector graphite material, irradiation temperatures
range between 300°C and 1 IOOOC, the neutron fluences
will reach 2 x 1022 ¢cm-2 (EDN*) for the most exposed
samples.

D85 Series (Fundamental properties
programme), see Table 9

D85-23 (300 °C):
After the withdrawal of the 500 °C carrier in
April, 1978, and the 400 °C carrier in
September, 1978, the remaining 300 Oc TRIO
“leg” continued its very stable and accurate
performance until August 31, 1980.
With a total of 29 reactor cycles or 732 full
power days, D85-23 was the longest lasting
graphite irradiation ever performed in the
HFR [1]-
The maximum fast neutron fluence
accumulated was 1,6 x 1022 cm~2 EDN.
In September, the sample holder was
dismantled and the specimens recovered and
sent to Jillich for intermediate examens. They
will go under irradiation again as D85-38,
early next year.
Additional investigations are being executed
on the sample carrier itself (aluminium),
which, thanks to the above mentioned high
neutron fluence, forms an interesting object
in the frame of fusion reactor material
research.

D85-33 (400 °C):
continued the irradiation of the samples that
have been irradiated in D85-23/400. The
design was that of D85-25, i.e. an aluminium
rod with holes containing about 130 graphite
samples [2].

*) EDN, Equivalent DIDO Nickel, is a traditional
neutron fluence unit for graphite irradiation testing.
For HFR core positions, o.pN = ¢ > 1 Mev (see
report EUR 5700, 1979/80 editiom; pags. 20 and
50).
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It performed well until August 31, when the
irradiation ended after 13 cycles or 323 full
power days.

During September it was dismantled and the
samples sent to KFA Jilich for PIE. These
samples will undergo further irradiation, from
February 1981 on, as D85-39.

D85-34 (600 °C) :

was the continuation of D85-24/600. In
design it was identical to D85-31/32; its
irradiation history is similar to D85-33. It
started in cycle 79-03.

Probably due to the use of nitrogen as a
regulating gas almost all of its twelve thermo-
couples were lost. The rig was withdrawn and
dismantled after 2 cycles. The samples were
recovered and continued their irradiation,
since cycle 79-07 in a new sample carrier,
identical to the previous one.

Together with D85-33, the irradiation ended
after cycle 80-07 with a total of 12 cycles or
299 full power days. Similar to D85-23 and
-33 it was dismantled during September and
the samples were sent for PIE to Jilich [3].
They will continue their irradiation, early in
1981, as number D85-40.

D85-36 (750 °C) :

Its design is slightly changed, but in principle
similar to type 33,1i.e. D85-35.

The experiment schedule foresees 10 reactor
cycles or about 250 days, corresponding to
5 x 1021 c¢cm-2 EDN. Including the previous
irradiation, the samples will reach a maximum
fluence of 1,6 x 1022 cm-2 EDN.

The obtained temperature accuracy was,
during the first cycle (80-06), very good.
However, during the following cycle an
increasing deformation of the temperature
profile showed up, which after some weeks,
became stable within a margin of + 35 °c.
The only possible explanation we have found
for this phenomenon can be the fact that
residual stresses in the stainless carrier caused
an ovalisation of the carrier tube. This tube
was, for the first time, not drilled from a
solid rod, but a commercial, cold drawn,
high precision tube with a ready made 1.D.
which had to be finished only at its
O.D.

During the reporting period the experiment
continued its irradiation with the exception
of cycle 80-09, when it was interrupted
because of another irradiation.

D85-37 (300 °C) :

started together with D85-36 in position C7
on June 6. It contains most of the samples
irradiated in D85-26 which, after the
scheduled 10 cycles, will have accumulated
~1,9x% 1022 cm2 EDN.

The design of this new sample holder type 15
is very similar to type 12 (= D85-26), the
main difference consisting in the partly
different sample sizes and the corresponding
holes in the all-aluminium carrier.

The measured temperature distribution is
satisfactory and steady.

Like D85-36, with which it shares a TRIO
thimble, it had to be interrupted during
cycle 80-09, for withdrawal of another
experiment placed in the same TRIO.

D85-38/39/40 (300/400/600 °C) :

the follow-up irradiations of D85-23/33/34,
have been postponed by three months and are
now scheduled to start in cycle 81-02. The
sample holders are of the types 14 (85-38 and
-39) and 21 (85-40). Type 14 is a new version
of the well tested type 11 and actually already
under irradiation as D85-43, performing quite
well. Type 21 is an updated issue of the
previous type 21, irradiated several times
quite successfully (D85-31, -32 and -34).
During the reporting period the three sample
holders were manufactured and assembled and
passed reception tests.

D85-41/42 (500 °C) :

are two identical new sample holders of the
type 21 in an improved version. They were
assembled in September and loaded with the
samples irradiated earlier in D85-32 and -31,
respectively.

After the start-up in cycle 80-10, on
November 1, both turned out to be slightly
too warm, due to some inaccuracy in the
thermal calculations. During the major time
of the cycle, the reactor had to be operated
at reduced power (42 instead of 45 MW) in
order to keep the temperatures of D85-41 and
-42 within the admitted limits.

During the shut-down (1 week before the
scheduled date) the TRIO with these experi-
ments was placed from the “hottest’ position
(C5) to a somewhat “cooler” place (ES5),
where during the last cycle of the year, both
performed well.

The irradiation is planned to last 11 cycles,
i.e. until cycle 81-09. The fast neutron fluence
will then be 1,4 and 1,6 x 1022 c¢cm-2 EDN
including the previous irradiations.

D85-43 (400 °C)

is the first irradiation of the new low tempera-

ture standard sample holder type 14. It has,

against the previous type 11, improvements

on two features :

- the number of samples that can be
irradiated has been increased by 12,5 °/o.

- it makes better use of the neutron flux,
reaching + 50 mm deeper into the reactor
core.



D85-43 is the follow-up experiment of
D85-25. It started, together with D85-41 and
-42, in position C5 during cycle 80-10, and
since cycle 80-11, in position ES, performing
quite well in both. It is scheduled to last one
year, until 81-09, accumulating 1,4 x 1022
cm-2 EDN, including D85-25 and, before that,
D85-24.

D85-18/19/20 :

are the first experiments in a new series of
graphite irradiations, in which different types
of matrix graphite are irradiated, at higher
temperatures, to relatively moderate neutron
fluences. About 3,5 x 102! cm-2 EDN will
be accumulated at the end of two irradiation
steps.

D85-18 (700 °C) :

will be irradiated during three cycles. For the
new TRIO capsule with increased diameter
(31,5 mm instead of 29 mm, see paragr.
2.3.3.7 and Fig. 83 of this report) a new
sample holder was designed, using the existing
type 33 (D85-35), but adapting it to the
different thimble and sample dimensions.

The new standard type was called 331. During
the reporting time, the bits and pieces were
manufactured and the sample holder
assembled and tested.

The irradiation schedule has been changed and
foresees now a start-up not before April,
1981.

D85-19 (900 °C) :
is in conception, basic design and work
schedule similar to D85-18. The sample holder
(type 341) covers the temperature range
between 850 and 1050 °C.

D85-20 (1100 °C) :

will be irradiated together with D85-18 and
-19, in the new TRIO 131. The sample carrier
(type 351) has been calculated for the tempe-
rature range 1050 to 1250 °C. It is an
all-metal design, made from Nb and TZM.
In the 1100 °C version it is equipped with K
type thermocouples, sheathed with Nb. At
higher temperatures, W/Re thermocouples
will be used.

Similar to D85-18 and -19 it will be irradiated
only from April, 1981 on.

Table 9 Fundamental properties graphite irradiation programme (D85). 1979/82 survey. [4]
Irradiation
Experiment no. Irradiation Period Temperature Specimen carrier type
D85- [°c]
18 700 Type 331 (Graphite / S.S.)
19 April - June 81 900 Type 341 (Graphite /| TZM)
20 1100 Type 351 (TZM/Nb)
23 Dec. 77 - Sept. 80 300 (400 - 500) Al-(Al- Cu)
25 Jan. 79 - Apr. 80 400 Type 11 (all Al)
26 Aug. 78 - Dec. 79 300-(750) Type 12 (all Al) - (Cu)
31 Jan. 79 - Apr. 80 500 Type 21 (Graphite/S.S.)
32 Jan. 79 - Apr. 80 500 Type 21
33 Mar. 79 - Sept. 80 400 Type 11
34 Mar. 79 - Sept. 80 600 Type 21
35 Mar. 79 - Dec. 79 750 Type 33 (Graphite /S.S.)
36 Jun. 80 - May 81 750 Type 36 (Graphite / S.S.)
37 Jun. 80 -May 81 300 Type 15 (all Al)
38 l 300 Type 14 (all Al)
39 l Febr. 81 - Febr. 82 400 Type 14
40 600 Type 21
41 500 Type 21
42 } Oct. 80 - Sept. 81 500 Type 21
43 400 Type 14
44 700 Type 331
45 } Oct. 81 - Mar. 82 900 Type 341
46 1100 Type 351
I
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HTR Fuel

High Temperature Reactor fuel testing is performed in
HFR Petten on new advanced coated particle systems
and production fuel elements with special emphasis on
Nuclear Process Heat Reactor irradiation parameters.

The activities were concentrated during the reporting
period on the evaluation of post-irradiation results of
coated particle and fuel element in-pile tests, on the
design of new advanced irradiation devices and on final
commissioning of new sweep loops (see paragr. 2.3.3.9)

which

enable

continuous fission gas analysis and

temperature control to be carried out [5].

D162

D175

Coated Particles

ARTEMIS, Irradiation of Coated Particle Fuel
for Failure Mechanisms Investigation [6].

A second “‘gradient-experiment” will be
carried out in 1981 for testing LEU coated
particle fuel at abnormal thermal conditions.
The design will be similar to the successcully
performed first experiment. An irradiation
proposal for KFA is currently under
preparation.

A report on the irradiation facility has been
presented to the 26th plenary meeting of the
IDWG, this year [4].

PETTICOAT, Irradiation of LEU Coated
Particle Fuel at 1000 °C

Design and operating approval were given for
the TRIO-131 irradiation facility by EAC
(Experimental Assessment Committee) and
RSC (Reactor Safety Committee). Specimens
of standard quality coated particle fuel of
LEU fuel cycle will not be available before the
second half of 1981. Meanwhile, a mock-up
experiment for neutron dosimetry and
spectrum measurements will be performed in
a TRIO irradiation facility. This experiment is
expected to provide a reference data set on
nuclear quantities and damage fluxes in
azimuthal and vertical distribution for incore
‘graphite’ experiments.

This mock-up consists of three all-graphite
sample holders, spiked with dosimeters at
three radii and over a length from - 300 mm
to + 1500 mm with respect to centre line
core. Design of the sample holders will start
in January 1981. Sponsor of this experiment
is KFA Jiilich, The dosimeters and evaluation
of these will be provided by ECN Petten.
Irradiation will be carried out during 2 hours
at 100 kW in a central core position.

Special test irradiation E138-02 Prototype rig

D138-3

A special in-pile rig has been designed and
manufactured for the purpose of fully realistic
operational testing of the new sweep loops
(see paragr. 2.3.3.9). A “fuel ball’ rig design
has been selected using standard THTR
elements as fissile targets.

During the reporting period the irradiation
facility has been assembled [2], commissioned
and connected as scheduled to the sweep
loops. Design and safety report has been
issued [1]. The design and operating approval
has been given. “Hot” operation will start
with cycle 81-01 [3].

Irradiation temperature will be measured in
this experiment by thermocouples positioned
either onto the fuel elements surface of into
bores in the fuel free zone of one fuel element
in each capsule. This is shown in Fig. 37, a
radiograph of one assembled capsule.

The scope of this measure is to obtain
consistent reference results on temperature
readings of thermocouples positioned onto
the surface of the fuel element. Similar
experiments in the past showed that after high
neutron doses the differential shrinkage of the
spherical specimen and the graphite structure
created additional gas gaps which could have
influence on the contact between thermo-
couple and fuel element.

Fuel Elements

Irradiation of spherical HTR fuel elements for
Nuclear Process Heat Reactor Development

A third spherical fuel element irradiation
experiment will be sponsored by KFA.

A proposal is currently being prepared for a
three capsule rig design. Irradiation tempera-
ture will be about 1000 °C. Burn-up neutron
fluence correlation of the LEU fuel containing
elements will be similar to these specimens of
the D175 coated particle irradiation experi-
ment. Start of the irradiation is planned for
1981.

A 138-mock-up sample holder, sponsored by
KFA Jilich, for extended neutron dosimetry
measurements will be irradiated during 200 h
at about 100 kW in a Refa 170 irradiation
facility. The dosimeters will be provided and
evaluated by ECN Petten. Results should give
a reference mapping of damage fluxes for a
full size HTR fuel element (= 60 mm (),
irradiated in a reflector core position. The
design is planned to start early in 1981.












R139

E145

irradiation has been carried out in core
position H8 as scheduled on November 11,
1980. The achieved characteristics were:

e neutron fluence ~ 1 x 1021 m-2

e irradiation time 1000 sec. at 42,5 MW

e sample temperature 550 °C.

Evaluation of the thermal behaviour of the
capsule shows that seven out of nine specimen
in the rig have been irradiated within a
+ 35 OC range.

The irradiation report of MONA-5 has been
prepared (ref. [1]).

TRI1O and REFA capsule irradiations
“SINAS”

These experiments belong to a large
mechanical property R & D programme,
together with R120 and R143. They have
grown from the limited original scope of
irradiating a few cylindrical tensile specimens
into a major series which now includes
resilience and fracture mechanics test
specimens (Fig. 39).

The following activities have been pursued

during the reporting period :

- Irradiation reports have been completed
and issued on the terminated experiments
TK4, -5, -6 and -7,and on T49,C47,C411
and C412.

- the TK series’ second extension has been
successfully started with TK8 and -9 in
September and October 1980 respectively.

- T25 is now ready for irradiation in January
1981 and T26 is scheduled in July 1981.

- T48 and C413 have been successfully
irradiated in the second half of 1980 and
C50, -51 and -52 are being completed for
irradiation in the first half of 1981.

- a systematical review of experimental
parameters of all R139 irradiations gives
examples of the high degree of tempera-

ture efficiency and reliability of the
experimental equipment (see Figs. 40
through 45).

Irradiation reports of the capsules R139-47,
R139-411, R139-49 and R139-412 have
been prepared and edited (refs. [2], [3], [4]
and [5]).

AUSTIN, Irradiation of Austenitic Steel
Specimens for Strain Rate Studies

Small tensile samples are irradiated at 500 °C
+ 20 OC in sodium-filled capsules for the
“dynamic load” project of the JRC Ispra
Safety Programme.

The irradiation started in October 1978 and
has since then been operated without
problems. All specimens remained within the

- 55 -

El67

E177

specified temperature limits as shown on a
typical post-cycle computer evaluated tempe-
rature plot given on Fig. 46.

At the end of cycle 80-11 the experiments
reached a maximum damage dose of about
11d.p.a.

The compatible software for the processing of
data from punch tape was purchased. Data
processing will be carried out, from cycle
80-09, using the desk top computer HP 984 5B,

TRIESTE, Steel Creep Rig

This is a series of irradiation experiments for
the JRC Ispra Fusion Reactor Materials
Programme.

The handling and load-unload procedures of
the irradiated specimen stems had to be
further examined in view of HFR hot cell
working conditions and cell equipment
available. Fabrication of dummy sample
columns and ancillary equipment had to be
delayed because  further studies on
dimensional measuring techniques by means
of neutron radiography became necessary.
Detailed experiment design will be continued
during the next period.

FANTASIA, Fracture Toughness of
Austenitic Steels (JRC Ispra project IDEAS)

To evaluate the neutron enhanced degradation
of fracture toughness characteristics in
austenitic stainless steel materials for the JRC
Ispra Reactor Safety Programme, the
irradiation experiment E177-FANTASIA has
been designed, in which more than 250
samples (tensile and 3PB specimens) are
irradiated at 350 °C and 550 °C.

Five fluence steps between 1019 and 1021
n.cm-2 are envisaged. The first six sample
holders of this experiment E177/1 - 6 have
been dismantled, and the 3PB and tensile
samples are prepared for transport to the
Applied Mechanics Division of JRC Ispra.
Irradiation was continued as scheduled in the
HFR cycle 80-07 with the three sample
holders E177/7 - 9 in HFR position H8 and
the three sample holders E177/10 - 12 in
position H2. Both irradiations were carried
out for three cycles to reach a target fluence
in the order of 4,5 x 1020 n.cm-2. Irradiation
temperature of the steel samples was kept at
350 ©C for the sample holders E177/ 7 - 9,
respectively 550 OC for the next irradiation
step. After irradiation the six sample holders
E177/ 7 - 12 were prepared for dismantling.
The following sample holders E177/13 - 24
for the next four irradiation steps are present-
ly being manufactured. Irradiation is
scheduled for HFR cycles 81-07 till 82-05.
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