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BEMAERK

Den viden, som rurnmes i dette dokument, meddeles som fortrolig fra
Kommissionen for de europaeiske Faellesskaber til Medlemsstater, per-
soner ogvirksomheder 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,
[od . . .

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 Beschiuss 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-
quées confidentiellement 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 reglement (CEE)
N° 2380/74 du Conseil de Ministres).

Ni la Comrission 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-apreés.

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 dell’'uso che dovesse sssere 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

(nuclear

F.1. Operation of the HFR reactor

activity)

It also allocates a four years’ budget of 52.22 MUCE
and a staff of 88, of which 41 are research staff.

The 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
tests under stationary and transient
conditions as well as structural material
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:

- 1. 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, utilization, and management of
HFR Petten.



MAIN CHARACTERISTICS

ORR TYPE
45 MW { 50)

H20 COOLED/MODERATED Be MODERATED/REFLECTED

MTR (PLATE) TYPE FUEL ELEMENTS,
93%0 ENRICHED, 1¢ '8 PER ELEMENT
29 IRRADIATION POSITIONS, 11 HORIZONTAL BEAM TUBES
COOLANT PRESSURE 0,24 MPa, COOLANT TEMPERATURE 313 K
ANNUAL AVAILABILITY 75 %o AVERAGE UTILIZATION 70%

MAIN UTILIZATION

e 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

¢ HIGH TEMPERATURE GAS COOLED REACTOR GRAPHITE AND FUEL
ELEMENT IRRADIATIONS

¢ NUCLEARSTRUCTURE AND SOLID STATE PHYSICS EXPERIMENTS

¢ RADIOISOTOPE PRODUCTION, ACTIVATION ANALYSIS

e NEUTRON RADIOGRAPHY, NEUTRON DOSIMETRY DEVELOPMENT

UTILIZATION

WHY ARE THESE EXPERIMENTS CARRIED OUT IN THE HFR?

e 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
¢ LIGHT WATER REACTOR FUEL PIN POWER RAMPING :

AVAILABILITY OF THE PSF AND OF LARGE CONTROL EQUIPMENT

e 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

e NEUTRON RADIOGRAPHY,NEUTRON DOSIMETRY DEVELOPMENT:

MODERN, PURPOSEFUL EQUIPMENT, WELL-KNOWN FLUX SPECTRA
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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 6.....12 mm, 550...... 650°C
also: non-cylindrical (Charpy, CT, etc.)

Low temperature Al specimen capsules {various sizes)
Graphite and steel creep facifities with on-line measurement

In-core instrumentation test rigs

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'1,

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...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

Double-walled, Na (NaK)-filled, single or double carrier capsule. Variable power, 500....1200 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

o SEVERAL CORE CONFIGURATION CHANGES

e COMPLETE REPLACEMENT OF REACTOR AND GENERAL PURPOSE
EXPERIMENTAL INSTRUMENTATION

o NEWIN-TANK EXPERIMENT PENETRATIONS

e SEVERAL IMPROVEMENTS ON MAJOR PLANT SYSTEMS

e IN-HOUSE COMPUTER CODE DEVELOPMENTS

FUTURE DEVELOPMENTS

e REPLACEMENT OF THE REACTOR VESSEL (1982/83)

o DEVELOPMENT OF REDUCED ENRICHMENT FUEL

¢ STUDIES FOR A POWER INCREASE TO 60 MW

s NEW REACTOR AND EXPERIMENT DATA LOGGERS (1980/81)
e MEDIUMACTIVITY LABORATORY (1984/85)

o NEWDISMANTLING CELL TRANSFER SYSTEM (1980/81)

e ENLARGED COMPUTING FACILITIES

e NEUTRON BEAM QUALITY IMPROVEMENTS.

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 DECISION 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%0

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
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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 21 unscheduled scrams, two unscheduled
power decreases, while five scrams and five power
decreases were scheduled in accordance with various
experimental requirements.

Table 2 Basic operating data.

Two scrams, one due to a bent cooling water hose of the
BWFC installation and one caused by a blown fuse of
the reactor interlock system, resulted in xenon poisoning
of the core, thus necessitating core reloading.

More detailed information is given in Table 3 on the
intended and in Table 4 on the unscheduled reactor
power deviations.

Subject 2nd half 1979 1st half 1980
Integrated reactor power Mwd 5597 6738
Average reactor power MW 449 448
Operating time %o 65.9 82.6
Unscheduled shutdown time 0/o 1 0.8
Unscheduled scrams - ' 7 21
Unscheduled power decreases - - 2
Planned scrams - - 5
Planned power decreases - 3 5
Fuel consumption grs 235y 6990 8416
Released through stack Ci(41Ar) 241.3 275.7
Table 3 Intended, mostly scheduled, manual reactor shut-downs and power decreases.
Date | Hour Duration | Disturb. } Reactor system Cause Code | Core nr.
hrs./min.{ type or experiment
18/1] 12.20| 00.21 MS Exp. D85-25, § Removal of experiment because of ME 80.01.1
31, 32 stuck displacement unit.
23/1| 09.05| 00.12 MS Exp. R139-K5 | For improvement of irradiation ME 80.01.2
conditions experiment replaced from
position F8 to E7.
23/1] 13.25} 00.12 MS Exp. D85-25, | Reloading of experiment. ME 80.01.3
31, 32
23/11} 1644 00.24 PD Exp. E170-01 | Installation of experiment in p.s.f. ME 80.01.4
(20MW)
18/4 | 15.00] 00.02 PD Exp. RX161 Installation of experiment ME 80.04.2
(40MW)
30/4 ] 18.47 00.20 PD Exp. E170-01 | Unloading of experiment from p:s.f. ME 80.04.2
(25MW)
07/51 22.18| 00.09 AS Exp. R63 Scheduled transient ME 80.05.1
1L.0OC 20
08/5| 15.08} 00.04 AS Exp. R63 Scheduled transient ME 80.05.1
LOC 21
09/51 14.32| 00.43 PD Exp. R158-8 | Loading of experiment ME 80.05.1
(30MwW)
29/6 | 18.35] 00.15 PD Exp. E170-01 | Unloading of experiment from p.s.f. ME 80.06.1
(30MW)
AS Automatic scram I Instrument failure
APD Automatic power decrease O Operating error
PD 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 |Disturb. } Reactor system Cause Code | Core nr.
hrs./min. | type or experiment
04/2 113.051 18.30 AS BWFC Flow scram caused by accidently OE 80.01.4
installation bending of cooling water hose,
during in-pool manipulations.
Xenon poisoning neccessitated
core reloading.
05/2 [ 07.47 1 00.07 AS Interlock Blown fuse in interlock power FR 80.01.5
supply system
05/2 | 10.16 | 00.35 AS Ibid Ibid FR 80.01.5
06/2 | 24.00| 1645 AS Ibid Ibid FR 80.01.5
Fault was traced to defective fuse
holder, which was replaced.
Xenon poisoning necessitated core
reloading.
20/2 |1 01.10{ 00.20 AS Control rods Spontaneous drop of control rods FR 80.02.1
5 and 6.
23/2 {11.29 | 00.20 AS Exp. D173 High temperature limit exceeded OE 80.02.1
during adjustment of gas content
of experiment.
10/3 | 08.14{ 00.16 AS Flux channel Unidentified disturbance. IR 80.02.1
29/3 | 11.36 1 00.17 AS Flux channel Unidentified disturbance. IR 80.02.1
12/4 1 09.26 { 00.03 APD Thermal Flow decrease shield cooling OR 80.04.2
(39MW) column during manipulation with hydraulic
rabbit system
23/4 | 00.00 | 00.05 AS Exp. E136-04 *“High cooling pressure’ scram due FE 80.04.2
to failure of flow restrictor
23/4 | 05.55| 00.05 AS BWFC-A Pressure peak during filling of OE 80.04.2
primary system of BWFC system A.
26/4 100.32 1 00.05 AS Control rod Faulty adjustment of control rod OR 80.04.2
magnet unit magnet current.
07/5 }20.09 | 00.03 AS Exp. R63 High temperature scram due to low FE 80.05.1
LOC 20 NaK level during preparation of
transient.
20/5 | 10.37 | 00.23 AS Exp.ER136-03 | Reactor power transient during OE 80.05.1
unloading.
21/5 11548 | 00.20 AS Exp.ER136-04 | High pressure in cooling system FE 80.05.1
caused by a loose flow restrictor.
29/5 1 11.45 ] 00.04 AS BWFC-A Short circuiting during instrumenta- OE 80.05.1
tion check.
05/6 | 09.54 | 00.01 APD Exp. E149-3 “Low flow” caused by in-pool OE 80.06.1
41MW) manipulations.
05/6 | 10.02 | 00.18 AS BWFC-A Instrumentation switched off OE 80.06.1
inadvertently
18/6 { 10.15| 00.22 AS Exp.E136-03 Reactor power transient during OE 80.06.1
loading of incore FIT.
18/6 | 10.43 | 00.18 AS Flux channel Reactor power transient during OR 80.06.1
equalization of control rods.
19/6 { 11.241 00.23 AS Exp.E170-01 During in-pool manipulations OE 80.06.1
disadjustment of flow restriction.
29/6 | 18.55] 0I1.10 AS Flux channel Power overshoot during recovery OR 80.06.1
from PD
29/6 | 23.21| 01.01 MS Exp. ER136-03 | Target holder dropped during FE 80.06.1
unloading. Reactor shut-down
manually.
AS Automatic scram I Instrument failure
APD Automatic power decrease 0 Operating error
PD 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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2.1.3.2 Maintenance and Modifications

Major activities carried out during the winter
maintenance period are summarized hereafter.

a) Mechanical Installation
Reactor vessel and associated structure

e Dimensional check on core box walls (deviations
from design dimensions < 0.45 mm), lower grid plate
(no deviations), and grid bars (0,40 mm play in grid
bar nr. 1, other grid bars without deviations).

Visual inspection of corebox walls (no remarks).

e Dimensional check of all top lid penetrations (some
burrs removed), inspection of top lid fixations clamps
and bolts.

o Replaccment of control rod drive tubes nrs. 1, 2 and
3. Difficulties with the coupling of the hoisting tool
and drive tube nr. 3 were traced to a failure of the
bolts (diam. 1/4”, length 30mm) by which the small
top cover plate of the drive tube is connected to the
drive tube proper. Due to this failure the cover plate
got wedged into the control rod piston. This was
discovered after an extended search action for the
missing cover had been conducted inside the reactor
vessel. No clear cause for the failure has been found.
As it never happened before it will be considered as
an isolated incident. Though the loosening of the
cover plate has no direct safety implication, a
repetition might cause problems during control rod
installation and therefore special preloading
inspection procedures have been implemented for
future operations. Apart from a minor water leakage
along one of the drive tubes (cause not yet identified)
the inspection and overhaul did not yield any
abnormal observations. The drive motors and
associated parts have been inspected and overhauled
where necessary.

Cooling systems

e Leakage check on main outlet valve of the secondary
cooling system (360 l/hr at one bar overpressure).

e Hartford loops inspected, vacuum valves replaced.

e Primary cooling pump nr. 1 revised.

e Check valves on primary pump outlet inspected and
overhauled. Minor wear observed.

e Motor driven outlet valves of primary pumps
dismantled, inspected and overhauled.

e Technical preparations and execution of containment
building leakage tests (April and June/July, 1980).

e Various hoisting, handling and storage provisions
installed in and around reactor pools.

e Inspection of mechanical filters in primary cooling
circuit. Slight opening between filter insert and
housing corrected which should increase filtering
efficiency. The correction was necessary as small
solid matter (a.o. pieces of rubber gaskets) had been
observed to bypass the filter.

e Tap water fed emergency core cooling system flushed
and checked. Measured capacity at normally available
pressure (6 bar): 24 m3/hr.

e Main heat exchanger nr. 2 inspected on primary side.
Heat exchangers nr. 3 and 4 inspected and cleaned
on secondary side. Presence of a piece of concrete
(20 x 10 x 4 cm) necessitates internal inspection of
secondary cooling section upflow from heat
exchanger.

Offgass and ventilation systems

e Outlet valves main ventilation system (“‘containment”
valves) inspected; gaskets and air cylinders replaced.

e Active charcoal filters between Dismantling Cell and
offgas system calibrated for iodine retention
efficiency. Low values (65 to 750/0 necessitate
further testing and possibly early replacement and
recalibration.

e Special air venting system (to be used under manual
control during“containment” situations) checked for
proper control and flow measuring functions. Special
procedures written and implemented for operation
of the system under reactor hall overpressure
situations (e.g. during leakage tests).

Experimental Systems
e Vacuum pumps of beam tubes inspected.

e BWFC high pressure water supply pumps inspected
and overhauled.

Miscellaneous Systems
e Leakage check carried out on CO4 cooling system

HB-0 facility (6 1/min. without- and 22 1/min. with
COj4 circulation).

e Renewal of main water supply lines partially
completed.
e Check valves in liquid waste discharge systems

inspected and replaced where necessary.

b) Instrumentation
The main activities consisted of:

e Flux channels
Replacement of signal cable and protection hoses on
start-up channel 1, period channel 2, safety channels
1 and 3 and on the linear channel. Inspection and
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Nuclear and Technical Support and Develop-
ment

2,133

a)  Nuclear heating characteristics of HFR core.

In order to identify the defective calorimeters in the

“TRAMP” nuclear heating rig, and to investigate

possible causes for the erratic behaviour (ref. [5], p. 27)

two actions have been taken, i.e.

e design, construction and application of a simple
manually operated nuclear heating sensor (“TRAMP-
STICK”), by which the TRAMP-results can be
checked and qualified,

e neutron radiography of the actual TRAMP calori-
meters.

The simplified TRAMPSTICK consists of a long support
tube, mounted with two sets of three calorimeters
containing heatings sensors of Al, SS and graphite
respectively (Figs. 17 and 18). As the calorimeters were
of the same design and, as experimentally verified, had
the same thermodynamic characteristics as those applied
in TRAMP I, the TRAMPSTICK measurements could be
used to qualify - or disqualify - the results obtained with
TRAMP and thus identify the faulty sensors.

The application of TRAMPSTICK has been a success
in the sense that good nuclear heating values have been
obtained for several in-core positions. Comparison with
earlier “CADO” measurements (graphite samples) show
good agreement, while the results obtained for stainless
steel and aluminium are the first reliable data for these
materials.

In Fig. 19 the vertical distribution of the nuclear heating
is given for core positions C5, F8, E3 and G7 at the
beginning of a reactor cycle. The primary objective of
TRAMPSTICK, i.e. the qualification of the TRAMP
data, has not been achieved as the agreement between
both measurement series is very poor. The preliminary
conclusion has been reached that the TRAMP data are -
for reasons not yet fully understood - so inconsistent
and of such poor quality that they cannot be utilized for
the nuclear heating data basis.

A partial explanation of the erratic behaviour of TRAMP
has been obtained through neutron radiography of the
TRAMP in-pile section. The neutrographs reveal that
at least one sensor is filled with water while at least one
other is suspect in this respect. A new TRAMP-II rig
will now be designed and fabricated applying slightly

larger samples and utilizing the same automatic
repositioning unit as its predecessor.
b) Accuracy of calculated power distributions and

control rod settings in HFR cores

Before the start of each operating cycle the HIP-TEDDI
code package is used to provide information on the
nuclear conditions in all fuel, reflector and experiment
positions. This code package is based upon the diffusion
calculation of the neutron flux densities in four broad

energy groups in X, Y geometry averaged over the fuel
height.

The information is important for the reactor operations
team as it provides data, such as control rod insertion
depth, shutdown time margin, power distribution and
thermal safety margin, relevant to the safe operation of
the reactor.

The calculated thermal safety of the reactor is especially
dependent on the power distribution and the control rod
insertion depth. In order to get an impression of the
reliability of the calculated thermal safety of the reactor
comparisons have been made between calculated and
measured power distributions and control rod insertion
depths [6].

As it appears from Table 7 the agreement between the
calculated and measured flux density distribution -
which is a good measure for the power distribution -
is quite satisfactory. The uncertainty of 5°/o in the
calculated power density, which is used for the evalua-
tion of the thermal safety margin, seems justified.
The control rod settings predicted by HIP-TEDDI
deviate only slightly, in most cases 1 to 2 cm (500 pcm)
and occasionally 3 to 4 cm (1000 pcm), from the
measured ones, see Fig. 20 and Table 5 and 6.

Table 5 Average values and standard deviation of the
ratios between calculated and measured
thermal flux densities.

core averaged (0] c

number over *) (_— ) s *¥)
D, av

524 33 FE 1.008 0.037
524 7CR 0.983 0.070
524 33 FE+7CR | 1.004 0.044
525 33 FE 0.994 0.030
525 7CR 1.031 0.049
525 33 FE+7CR | 0.999 0.035

*) FE = Fuel Element, CR = Control Rod.
**) Standard deviation in measured thermal flux
density, (Dm ,is 3%o.

Table 6 Calculated and measured control rod setting
in measuring cores 524 and 525.
control rod
core setting
number stage
meas. | calc.
524 T =0, in. Xe, Sm 51.9 51.1
525 T =0, in. Xe, Sm 48.0 48.1
T =0, eq. Xe, in. Sm 60.8 60.6
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In Table 6 a comparison between calculated and
measured control rod settings for the two special cores
524 and 525 is shown, while Table 7 gives such a
comparison of a series of actual operating cores. The
three stages for which the comparisons have been made
are graphically indicated in Fig. 20, where a typical
control rod moving pattern for an operating cycle is
shown.

The comparisons have shown that calculated core
reactivity values and control rod positions deviate only
slightly from actual values, the largest deviation being
in the order of 1000 pcm, corresponding to a difference
in control rod position (six rods) of 3 to 4 centimeters.

2.13.4 Fuel Cycle

a)  Uranium supply

Two export licences have been granted in May, covering
36,6 kg 235U for the 1981 fuel element fabrication.
Two new requests have been introduced towards the end
of the reporting period.

b) Local fuel element management

During the first half year of 1980, 39 new fuel elements
and 14 new control rods have been delivered (see
Table 8). Several orders for the manufacture of fuel
elements and control rods have been prepared. They all
specify the increased uranium contents of 405 g 235y
(fuel element) and 280 g 235U (control rod).

¢) Spent fuel transports

32 depleted fuel elements and 10 depleted control rods
have been transferred for reprocessing. The decay power
of this transport was 2093 W. Confirmation has been
received from the Savannah River reprocessing plant
that blister formation on the side plates has not been
observed.

One of the future transports to Savannah River will
include 13 spent elements from the HOR research
reactor in Delft, The Netherlands. These elements have
been shipped to Petten on June 24, 1980, under an
agreement with the Delft University (I.R.L.).

d) Fuel element storage

Storage of fuel elements containing 405g 235U

To ensure safe storage in and transport to the pool of
fuel elements with a higher 235U content (405 instead
of 390g) a safety analysis has been performed [7].
The cases considered are specified in Table 9.

An infinite double row of racks represents the most
reactive in-pool storage pattern and a double row of six
elements is representative for the transport lorry, loaded
with 12 elements, submerged in water.

The safety analysis has revealed that safe storage (i.e.
keff < 0.9) is feasible for the high mass fuel elements
provided 10B s present in the side plates. Calculations
for slightly burned-up fuel indicate that also when part
of, or all of the 10B has been converted the required
safety margin against criticality will be maintained in the
most reactive storage configuration. Maximum reactivity
for irradiated fuel elements is reached after four burn-up
steps of 26 irradiation days.

Table 8 Fuel element and control rod movements, 1979/80.
First half Second half | First half
1979 1979 1980

Transfer of depleted fuel elements - 73 32
Transfer of depleted control rods - 11 10
Average burn-up of transferred fuel elements - 5190 52%0
Average burn-up of transferred control rods - 550/0 5 1°/o
Delivery of new fuel elements 11 24 39
Delivery of new control rods - - 14
New fuel elements available for use at end of half year 26 18 27
New control rods available for use at end of half year 16 8 14
New fuel elements charged to core 36 32 30
New control rods charged to core 8 8 8
Fuel elements depleted 34 22 31
Average burn-up of depleted fuel elements 53%0 51%/0 52%0
Control rods depleted 6 7 10
Average burn-up of depleted control rods 52%0 49%/0 499%/¢






















g) New neutron flux channels
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New configurations and new methods for support and
guidance of the neutron flux channels around the HFR
have been investigated in connection with the new vessel 7.
[14]. The present set-up, i.e. all channels being located
on the east side of the core, cannot be utilized since
that region might be occupied by the second pool side

irradiation facility.
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2.2 Reactor Utilization

2.2.1 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 December 5, 1979:

- start of new irradiations 24
- continued irradiation throughout the six months 3
- unloading after end of irradiation 21
- short term transient irradiations 15

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

2.2.2 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)

- Detail design and calculations

- Safety analysis and assessment

- Machining, purchase of material, instrumentation . .
- Assembly and testing

- Commissioning, loading and connection in HFR

- Irradiation and surveillance

- 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 1100°C, the neutron fluences
will reach 2 x 1022 ¢m-2 (EDN*) for the most exposed
samples.

D 85 Series (Fundamental properties
programme), see Table 12

D 85-23 (300°C): After the withdrawal of the 500°C
carrier in April, 1978 and the 400°C carrier in
September, 1978, the remaining 300°C TRIO
“leg” continued its very stable and accurate
performance during the whole reporting
period. Its time schedule, originally foreseeing
an end of the irradiation after one year, has
been changed several times. Actually the
experiment is planned until September, 1980.
This would be 29 reactor cycles or about 725
days.

D 85-25 (400°C): After 348 days of successful operat-

ion the experiment was finished, according to
its schedule, on April 7th. Throughout the
whole period the recorded temperatlures were
within = 15°C from the nominal 400°C.
In April the sample carrier was dismantled
and the samples transferred to intermediate
measuring. They will continue their irradiat-
ion programme as D85-43, later this year.

D 85-26 (300°C): After the end of the irradiation in
December 1979, the sample carrier was
unloaded in January, 1980, and the specimens
transferred to examination and measurement.
These samples have come back in the mean-
time and are again being irradiated under
no. D85-37.

* EDN, Equivalent DIDO Nickel, is a traditional
neutron fluence unit for graphite irradiation testing.
For HFR core positions, §EDN = ¢ > jmev  (see
report EUR 5700, 1979/80 edition, pag. 20 and 50)
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(300°C): started together with D85-36 in
position C7 on June, 6th. It contains most of
the samples irradiated in D85-26 which, after
the scheduled 10 cycles, will have
accumulated ~ 1.9 x 1022 cm-2 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.

D85-18/19/20

D85-18

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. 3.5 x 1021 ¢m-2 EDN will be
accumulated at the end of two irradiation
steps.

(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

D85-19

D85-20

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 design work
was finished and manufacture started. The
present planning schedules start-up of D85-18
in September, 1980.

(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.

(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 temperature range 1050 to 1250°cC.
It is an all-metal design, made from Nb and
TZM. In the 1100°% version it will be
equipped with K type thermocouples,
sheathed with Nb. At higher temperatures,
W/Re thermocouples will be used.

During the reporting period the drawing work
was completed, and the fabrication of
components started.

Table 12 Fundamental properties graphite irradiation programme (D 85). 1979/81 survey.

Irradiation
Experiment nr. Irradiation Period Temperature Specimen carrier type
D 85- [°cy
23 Dec. 77 - Sept. 80 300 (400 - 500) Al-( Al- Cu)
25 Jan. 79 - Apr. 80 400 Al (Type 11)
26 Aug. 78 -Dec. 79 300-(750) Al (Type 12) - Cu/S.S.
31 Jan. 79 - Apr. 80 500 Graphite /| S.S. (Type 21)
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 Graphite / S.S. (Type 33)
36 Jun, 80 -May 81 750 Type 36 (Graphite /S.S.)
37 Jun, 80 -May 81 300 Type 15 (all Al)
38 300 Type 14 (all Al)
39 Nov. 80 - Oct. 81 400 Type 14
40 600 Type 21
41 500 Type 21
42 Oct. 80 - Sept. 81 500 Type 21
43 400 Type 14
18 700 Type 331 (Graphite / S.S.)
19 Sept. 80 - Nov. 80 900 Type 341 (Graphite /| TZM)
20 1100 Type 351 (Nb/TZM)




D186

D156

D156.00

D156-10

- tures.

.41 -

Originally called D85-20, is a new irradiation-

project on which design studies have been
commenced in 1978, Two large graphite
samples (120 and 240 mm long, 60 mm @),
together with a number of compact tensile
specimens, shall accumulate in three
irradiation stages, a total fast neutron fluence
of 2 x 1022 ¢m2, simulating reflector
working conditions in a PNP reactor. The
irradiation temperature is 750°C.

Different design studies and a number of
thermal calculations have been made and
continued, three irradiation proposals have
been written, foreseeing the first irradiation to
start in 1981, with the third stage reaching
into 198S5.

Final decisions concerning the experiment
specifications are still pending.

In-Pile Graphite Creep Studies

DISCREET

The top and upper side reflector graphite of
the process heat reactor experiences high
neutron fluences at relatively low tempera-
Irradiation creep studies on this
material are being performed in tension at
300°C and 500°C (also 900°C in the future)
and in compression at 500°C. Columns of
samples are irradiated in Trio facilities and
creep measurements are taken at intervals
out-of-pile. The series includes high flux level
experiments, low flux level experiments and
long term creep studies.

Series High Flux 300°C and 500°C tensile,
500°C compressive

Dismantling of the 156-04 rigs was completed
in February and dimensional measurements
taken on all samples except one 300°C
specimen which fractured during hot cell
handling. The results of the experiment were
presented at the Carbon ’80 conference in
Baden-Baden [1].

The fluence reached in this irradiation far
exceeds that of any other graphite creep
experiment, and the principle observation is
that the reduction in creep rate at high
fluences is much stronger than had been
anticipated (Figs. 32 a, b, ¢).

The irradiation samples were successfully
re-encapsulated in new sample holders
(D156-05) and irradiation commenced in
cycle 80-06 with all temperatures within the
specified limits.  Components have been

ordered for the follow-up experiment
D156-06.
Series Long Term Creep Studies static and

500°C tensile
D156-11 (unstressed) has been transferred to
a new TRIO thimble and will continue

D156-20

D156-30

D166

D166-01

D166-02

irradiation when space is available. It is now
proposed to irradiate the specimens up to the
zero point, i.e. to the point where the graphite
has returned to its unirradiated dimensions,
and then to continue as a creep experiment.
The zero point dose is in the region of
17 x 1021 c¢m-2 EDN (approx. 1100
irradiation days).

D156-12 (stressed) was dismantled in March
and dimensional measurements taken on all
samples. The results of the experiment have
been included in the paper on 156-04 [1].
Re-irradiation of these specimens will restart
in cycle 80-07 as 156-13.

Components have been ordered for the
follow-up experiment D156-14.

Series Low Flux Level, 300°C, 500°C, 500°C
tensile

Irradiation of D156-20 was completed after
cycle 80-01. The three sample holders have
been dismantled and dimensional measure-
ments taken. At this stage of the creep curve
it is too early to judge whether or not the flux
level has influenced the creep rate.
Re-irradiation of these samples will continue
as 156-21 starting in cycle 80-07.
Components have been ordered for
follow-up experiment D156-22.

the

Preliminary specifications have been given for
a new creep experiment starting in 1982 on
bottom reflector material.

Irradiation is planned for three tensile sample
columns operating at 900°cC.

CRIMP Graphite Creep Experiment

An irradiation creep experiment is being
performed on samples of H451 graphite in a
rig with continuous strain registration. The
graphite is a reference material for the fuel
blocks and replaceable reflector of the Gulf
General Atomic designed HTR.

The target irradiation dose is 7 x 1021 ¢m-2
EDN at 850° - 900°C.

Although this experiment was terminated
after fracture of the sample, sufficient data
was collected to enable the creep constant to
be established. The results from this experi-
ment and the results from the previous
irradiation of this sample (R135) were
incorporated into a paper presented to the
Carbon ’80 conference at Baden-Baden [2].

Assembly of D166-02 was completed in
March (Fig. 33) and reception tests were
carried out over the following weeks.
Measurement of the Young’s Modulus of the
irradiation sample in the creep rig was in good
agreement with the value previously found in
tests in an “Instron’ machine.
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test the new sweep loops. Irradiation
specimens will be UO92-BISO particles
containing fuel elements to investigate failure
mechanism, observed during irradiation in the
AVR*), and UO2-TRISO particles containing
fuel elements as test material to investigate
reprocessing techniques. Both coated particle

types contain 15°/0 enriched or natural
uranium fuel.
Irradiation temperature of *“BISO” fuel

elements will be cycled between 1300 and
900°C with cycle intervals. “TRISO" fuel
elements are irradiated isothermally.

Due to the relatively high fuel mass (1,4 g
U-235 and 18,5 g U-238) the experiment
will be carried out in position G7 with low
thermal flux density.

Nuclear and thermal evaluation is currently
being performed. Components of the in-pile
part have been fabricated. Irradiation start-up
is planned for November 1980.

References to paragraph 2.2.3.2

1. Reloadable Irradiation Facility TRIO-131. Design
and Safety Report.
R. Conrad, A. Franzen,
Technical Note P/10/80/15 (April 1980).

2.2.3.3  Structural Materials

a) Stainless Steel

Irradiations in HFR Petten are carried out to stringent
specifications concerning specimen temperatures and
neutron fluences. They have supplied accurate informa -
tion of material embrittlement by helium formation and
fast neutron displacements. The present trend goes to
fracture mechanics experiments and in-pile creep studies.
The bulk of the irradiation work falls within the scope
of the SNR 300 programme, in which the mechanical
properties of stainless steel samples are measured after
different levels of neutron exposures.

The facilities used in HFR Petten (‘““NAST”, “MONA”,
“SINAS”) feature sodium-filled specimen carriers with a
large number of thermocouples, and operating at 550°C
or 650°C.

Fast Reactor Steel Irradiations
(see Fig. 44)

R120 (“NAST”, ECN project 1.425). Investigation
of the influence of irradiation-induced helium
on the embrittlement properties of austenitic
stainless steel.

R120-14 Fabrication of the R120-14 capsule has been

delayed due to difficulties with preparation of
the specimens. Reactor loading of NAST-14 is
planned for November 1980.

The new thimble, which meets the dimensional

*) AVR = Arbeitsgemeinschaft Versuchsreaktor requirements for non-interference with
adjacent irradiation facilities has been
manufactured and tested.
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After irradiation the first six sample holders
were unloaded from the TRIO irradiation
facilities and transported to LSO for
dismantling, The following sample holders
E177/ 7 - 12 for the next two irradiation
steps were assembled (Fig. 48) and are
presently under reception. Irradiation is
scheduled for HFR cycles 80 - 07 till 80 - 09.

STORY. Short Time Irradiations of Pressure
Vessel Steel Samples.

Within the FKS Programme * for LWR
pressure vessel materials a number of short
time, low temperature irradiations have to be
carried out. Since sample temperatures have
to be below 150°C in high flux core positions,
direct cooling of the samples by primary
circuit water is envisaged. An irradiation
proposal containing feasibility studies for two
different  irradiation devices has been
submitted to and discussed with the
sponsor ** Electron beam welding tests are
being prepared on suitable sealing
constructions, which avoid direct contact of
the non-stainless steel samples with the
primary circuit water.

b) Other Structural Materials

R151

R151-31

Niobium and Vanadium Irradiation between
450 and 800°C, “NIRVANA”

This project concerns fundamental radiation
damage studies on candidate fusion reactor
materials.

In the scope of irradiation testing of candidate
fusion reactor materials in (fission) materials
testing reactors numerous discussions are
being held worldwide about the representativi-
ty of such experiments. Accepted strategies
are :

- careful modelling, dosimetry, flux tailoring
- special in-pile simulation “‘tricks”

Nb and V disks of 15 mm @ are irradiated in
an inert, extremely clean atmosphere at four
temperatures, i.e. 450, 600, 700 and 800°C.
R151-31 was irradiated during 6 cycles,
accumulating a fast neutron fluence of
~ 6 x 1021 em-2 (> 0.1 MeV) compared to
the 2 cycles or ~2x 1021 cm-2 of R151-11.
It started in cycle 79-07 (August, 9th), and
performed well until its scheduled end in
February, 1980 [7]. Since that time the three
sample holders are waiting for dismantling.

*) Research Programme ‘“‘Component Safety”
**) KFA-Jiilich,

R151-12 is the complementary experiment to R151-11.

R158

R158-7

It contains, in a Refa 170, tensile and fatigue
specimens, protected against NaK contact by
individual Nb sheaths. Temperature control
is done by means of a double gas gap,
individually controlled for each temperature
region.

R151-12 started its irradiation in the last
cycle of the year, on November, 19th. Being
placed in a considerably warmer position of
the reactor than originally planned (E7
instead of D2) which meant a maximum
nuclear heating of 8.2 instead of 5.7 W/g, the
irradiation temperatures were, during the first
few days of the cycle, slightly too high.

This could be overcome by operating the
reactor at only 42 MW instead of 45 MW, and
by tolerating an irradiation temperature of
the top drum of 500 8C rather than 450°C.
During the last two days of the cycle some
phenomena were observed that could be an
indication of a small leak in the NakK
containment. Later, this leak was confirmed
by neutron radiography, which showed that
during the three weeks maintenance stop in
December/January, about 50%°0 of the
700 cm3 NaK contained in the sample carrier
had leaked out into the Refa thimble.

The irradiation was interrupted after 1 cycle
(schedule: 2 cycles) [6].

A safe dismantling procedure is presently
being elaborated.

The continuation of the NIRVANA
programme has been cancelled, in view of the
problems with R151-12 and after a major

failure during the assembly of capsule
R151-32.
“HOBBIE”, Zircaloy Creep Experiments,

ECN project 1.085

During the past half year the irradiation
reports on the sixth and seventh experiment
have been compiled (see ref. [8] and [9]), one
irradiation has been finished while the
irradiation of a new experiment has been
started and was continuing at the end of the
reporting period.

(HOBBIE-7). The irradiation of this capsule
was continued in reactor cycle 80.01 after the
experiment had already been run for one
cycle in 1979.

Initially the same conditions as for the
previous cycle, ie. 343°C (650°F) and
18.6 MPa (2700 psi) external pressure, have
been applied. After 160 hours the pressure in
the capsule and specimen were reversed and
adjusted to 3.45 MPa (500 psi) internal over-
pressure.
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STAINLESS STEEL CREEP

Fig. 50 STRUCTURAL MATERIAL IRRADIATIONS (exceet R120,R 139, R 143 )
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LEGEMD: (1) DESIGN AND CALCULATIONS

(2 MANUFACTURE, COMMISSIONING
(3) IRRADIATION, CYCLE REPORTING
(4) DISMANTLING, TRANSPORTS ,EVALUATION
(6) INTERMEDIATE NEUTRON RADIOGRAPH,
AND LOADING INTO A NEW TRIQ CAPSULE(AUSTIN)

CIRCLES INDICATE START OF OPERATION

5. Bestralingsverslag MONA-4 (R143).
D. Vader,
R.A. memo 80-19 (June 1980)
6. NIRVANA R151-12. Irradiation Report.
H. Scheurer,
Technical Note P/10/80/10 (March 2980)
7. NIRVANA R151-31. Irradiation Report.
H. Scheurer,
Technical Note P/10/80/11 (March 1980)
8. Irradiation report of the HOBBIE-6 capsule.
Th. van der K aa,
ECN 80-038 (February 1980)
9. Irradiation report of the HOBBIE-7 capsule.
Th. van der Kaa,
ECN 80-100 (June 1980)

Table 13 Number of power ramp test on LWR fuel pins.

2.23.4 LWR Fuel

D125,D176,D178, Power ramp tests of pre-irradiated
LWR fuel pins

The irradiation programme for power ramp
testing of pre-irradiated LWR fuel pins was
continued (see Table 13). However, due to
operational difficulties of the new PSF table
and trolleys, to deficiencies in out-of-pile
installation, and due to lack of operation
personnel the number of tests performed was
less than scheduled. Within the reference
period 6 in-situ, 1 modified in-situ and 6 other
tests were performed.

Ramp test types
Year Prototype Total/Year,
Start-up In-situ Modified resp. ( ) - with pre-irradiated fuel pins
in-situ special tests
SuU IS ISM

1976 4 8 - 4 16 (12)
1977 2 20 28 (24)
1978 - 13 19 36 (32)
1979 - 15 5 12 32(26)
1980* - 6 1 6 13 (12)
Total 6 62 27 30 125 (106)

*) First half of 1980
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are mainly KfK-sponsored experiments

(D173, D183, etc.) for SNR 300.

¢) fundamental study oriented fuel behaviour experi-
ments for JRC Karlsruhe (E084, E170, E172 and
E181).

a) Safety Tests

RO54

R63

R63-20

“SHOT’. Fast Reactor Fuel Test at Stationary
High Over Temperature (ECN project 1.413)

The irradiation programme as such has been
terminated. Remaining work consists of the
completion of the irradiation reports.
During this period the irradiation reports of
experiments R54-F37, F38 and F44 have
been completed [1, 2, 3].

“LOC", Fast Reactor Loss-of-Cooling experi-
ment. (ECN project 1.413)

This irradiation programme addresses the
behaviour of short UO7 fuel pins of SNR-300
specification under conditions where external
cooling is suddenly stopped, while full power
generation still continues for a short period.
Starting conditions for all irradiations are:
linear fuel power : 550 W/cm
Na-temperature : 500 - 550°C
while fuel burn-up (0 - 65 MWd/kg), internal
fuel pressure (0 - 75 bar), shroud type (open
or closed) and loss-of-cooling time (10 to 20
sec ) are varied for the different experiments.

(LOC 20)

As reported earlier, the irradiation of this
capsule had to be stopped because of a leak
between the outer safety containment of the
capsule and the reactor pool. Based upon an
assessment of the chance of a simultaneous
leakage of the sodium containment and the
sodium potassium containment, the reactor
safety committee rendered a positive advice
with regard to the continued application of
the capsule for the intended Loss-of-Coolant
transient.

In the mean time, several problems with the
instrumentation for transient data acquisition
continued to cause long delays in the
execution of the transient. At the end it
proved impossible to repair the instrument-
ation. By borrowing from the TOP project
and from the noise analysis group a new
instrumentation set-up could be composed.
On May 7 the transient irradiation has been
performed. The “Loss-of-Coolant™ time was
15.5 seconds.

A neutrograph of the capsule has been made,
but as the leakage of the cooling channel
made it impossible to remove all water from
the capsule, the result was rather poor.

R63-21

R124

R124-1

(LOC 21)

On May 8, the transient irradiation has been
performed. The Loss-of-Coolant time was
17.5 seconds. As also this capsule had a
leakage in the cooling channel, again the
subsequent neutrograph was of inferior
quality.

“TOP”, Fast Reactor Fuel Pin OverPower
Experiments (ECN Project 1.417).

This irradiation programme is designed to
study the behaviour of short, single UO7 fuel
pins of LMFBR specifications under relatively
slow and low overpower transients (rise times
variable from 0.5 - 15 seconds, overpowers
from 1 to 4 times nominal power). Both fresh
and pre-irradiated fuel pins will be used.

Experimental instrumentation will be applied
to identify fuel and clad axial deformation,
fission gas pressure build-up, fuel and sodium
temperatures, flow and pressure conditions,

etc. before and during the overpower
transient.
Design and engineering of prototype

irradiation facility.

The design work of the irradiation facility is
practically completed (Fig. 55).

The prototype of the sodium-water heat
exchanger has been tested successfully in the
Component Test Facility (CTF) at the ECN
Technology Division. Presently a hydraulic
model of the test section is wunder
construction. It contains an electrically
heated pin. This mock-up will be used for
measurement of the thermo-hydraulic
behaviour of the TOP system, complete with
linear induction pump and heat exchanger,
under both nominal and power transient
conditions in the CTF.

The draft design and safety report is ready
except for certain stress- and thermohydraulic
calculations which are being carried out
presently. The construction of the gas supply
systems and instrumentation panels is nearing
completion. They will be installed in the
reactor hall in August 1980.

Data handling system.

Software is nearly completed. The computer
room in the reactor hall is ready. Installation
of the data handling system is planned for
August 1980.

BF3 dynamic shielding system .

The exact replica of the TOP-BF3 system has
been successfully tested with No. A leaking
electromagnetic valve prohibited testing with
BF3. New valves have been ordered in April,
but are not yet delivered.

The BFj3 destillation apparatus has been
tested with natural BF3. The system works
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References to paragraph 2.2.3.5 c) Radioisotope production and activation
analysis
1. Bestralingsverslag SHOT capsule R054-F37. - Utilization of standard isotope and rabbit
A.J. Nolten, facilities. A survey is given in Table 14
R.A. memo 80-8 (February 1980) below.
2. Bestralingsverslag SHOT capsule R054-F38. - Particular remarks :
A.J. Nolten,
R.A. memo 80-10 (March 1980) ER136-03 99Mo production from fissile targets
3. Bestralingsverslag SHOT capsule R054-F44. (FIT)
A.J. Nolten, The new in-core FIT, developed for the
R.A. memo 80-20 (June 1980) irradiation of 3 targets with diameter 22 mm
4, Bestralings- en evaluatieverslag van de INTEC-A and 4 gr 235 U, 93%°0 enriched, is in
capsule gedurende HFR cyclus 79-11 (Exp. R163). irradiation. During the reporting period four
W.J. Stam, H. Smedinga, irradiations have been carried out.
ECN 80-89 (May 1980) A new study, FIT-05, is at present under
5. The in-pile performance of DI148-01. Mixed design, using the same system as FIT-03 but
carbide irradiation of a TRIO type rig, CATRI. three legs (modified TRIO-capsule) instead of
R. Holt, a REFA capsule. This FIT-05 allows the
Technical Note P/10/80/16 (April 1980). irradiation of 3 x 3 targets simultaneously,
using the primary cooling system of the
reactor, and the loading and unloading of the
targets during reactor operation.
2.23.6 Miscellaneous This TRIO-FIT has been designed as a
replacement of the PSF-FIT rig (FIT-04).
At present two FIT irradiations are carried
out weekly and transported with two
a) HFR vessel material surveillance irradiations containers to the reprocessing plant.
(RX092)
Specimens have been irradiated in position E3 ER144 High Fluk Facility for Isotopes (HIFI)
during two reactor cycles.
’ During the reporting period the HIFI-01
b) Gamma calorimeter (RX161) device has been replaced by HIFI-02. This
Reporting is contained in paragraph 2.1.3.3 replacement was necessary because of
of this report. mechanical problems on device no. 1.
The irradiation of the iridium capsules in
HIFI-02 continues normally.
Table 14 Utilization of standard isotope and rabbit facilities.
Code Number of irradiations
of the Facility first second “first second first
facility half half half half half
1978 1978 1979 1979 1980
PR 1 Pneumatic rabbit system 772 501 723 502 629
HR Hydraulic rabbit system 6 11 36 34 26
ER6 Pool side isotope facility (PIF) 60 23 60 - *) -
ERS High flux poolside isotope facility (HFPIF) 15 9 30 58 49
ER70 Poolside rotating facility (PROF) 44 63 76 53 94
ER7-2 Reloadable isotope plug (RIP) 14 12 24 — *¥) -
ER90 Reloadable isotope facility (RIF) 262 191 287 232 209
GIF Gamma irradiation facility 16 1 12 1 10;
ER136 Fissile irradiation facility (FIT) 12 - 27 12 10
ER144A High flux facility for isotopes (HIFI) - 10 89 83 31
Total (except GIF) 1135 820 1352 974 1048
*)  facility removed from PSF table

**) facility removed from the reflector.
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99Mo production of fissile targets (MOLY)

A new PSF facility, for the irradiation of
fissile targets in form of plates has been
developed. Each plate, with the dimensions
220 x 40 x 1.3 mm, contains 4 gr 235U,
93%0 enriched. Eight plates as maximum
will be irradiated simultaneously during about
6 days and transported after 24 hours cooling
to the reprocessing plant.

Special Design

Special design work was carried out to use
PSF9, which is partially occupied by the
neutron radiography camera, for HFPIF
(see paragr. 2.3.3.7 of this report).

A special carrier was developed (Fig. 88)
which allows to irradiate the fissile targets
of the MOLY project and at the back of the
MOLY holder two pipes for the HFPIF
capsules. The cooling water for the MOLY
project is supplied by the PSF cooling system.

Special irradiations
BONI, Boron silicate pellet irradiation.

The purpose of this series of experiments is
to simulate long term radiation damage effects
in vitrified fission waste by short-term fission
product recoil damage (JRC Ispra programme)
The third experiment, planned for 10 reactor
cycles (260 days), started irradiation in
October 1979, and has since then been
operated without problems. The irradiation
has taken place in the position PSF 3 until
the cycle 79-11.

From cycle 80-03 the experiment occupies
position PSF 1. Due to the proximity of the
neutrography camera, the construction of a
new support was necessary (see paragr. 2.3.3.7
and Fig. 88).

2.3 General Activities

23.1 Objectives

Considerable effort has to be placed into keeping
equipment and competence on the required level. The
general activities within the HFR project include:

- operation and maintenance of ancillary services and

laboratories (e.g. workshops, hot laboratories,
general purpose control equipment, computing
facilities),

- design studies and development of new irradiation
devices,

- irradiation technology and other research,

- programme management.

i.e. support work not directly linked to a specific
irradiation experiment.

About 8%/0 of the annual HFR budget and 30°/o of
the scientific-technical JRC staff capacity are allocated
to general activities.

232 Methods

A total of 12 to 15 general activities are defined for each
year, according to their nature (see above), and man-
power/money are allocated. For the period under review
these have been:

a) operation and maintenance

- testing and commissioning

- experiment operation

- dismantling cell

- data acquisition and computing facilities
- neutron radiography

- post-irradiation examens

- assembly, workshops

b) design studies and development

- standard irradiation devices
- in-pile instrumentation

- transient condition facilities
- feasibility studies

- creep facilities

- computer codes

- LWR irradiation facilities

c) irradiation technology and other research

- reactor upgrading

- development and design of the new reactor tank

- reduced enrichment research and test reactor
fuel studies

d) programme management

- documentation and editing

- CPM planning of irradiation experiments
- reactor utilization management

- working groups, conferences

- ACPM meetings
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23.3.5 Post-Irradiation Work (Proj. 350)

Within the frame of intermittent out-of-pile creep
measurements of irradiated graphite samples a variety of
dimensional measurements and/or reloadings of active
samples into TRIO rigs have been carried out on the
D156-04, -12, -20 and on the D85-36, -37 experiments
(see paragr. 2.2.3.1 of this report).

A new shielded container which can accommodate and
transport 3 reloaded sample holders is being constructed
and will be operational in the second half of 1980.

This container enables the radiation-protected and
contamination-controlled charging of a TRIO 129 rig
with active sample holders.

2.33.6 Remote Encapsulation System EUROS

(Proj. 360)

The EUROS project will provide the means of remote
encapsulation of irradiated LMFBR fuel pins into
specially prepared double wall capsules loaded into the
core or chimney and Pool Side Facility of the HFR.

During the reporting period, all the major components
of the in—cell equipment were ready for testing.
Welding head and in-cell furnace have been fixed on
their supports, and mounted on the trolley. First cold
tests outside of the cell have been started. A first series
of tests would be carried out, with dummies to control
the welding and the heating apparatus. The following
tests are the filling method of Na (NaK) and closing of
the filling tubes.

The connections on the hot cell door, and the trans-
formations of the EUROS cell door, have been finished.
The revised time table shows that the first cold tests
inside of the cell would take place at the end of 1980.

Standard Irradiation Devices.
Assembly Laboratories (Proj. 400)

23.3.7

a) In-tank reloadable standard capsules

In anticipation of the normal requirements for
standard irradiation devices (TRIO’s and REFA’s), 10
manufacturing organizations have been invited to tender
for about 50 assemblies for the next five years.

A new standard irradiation device, TRIO 131, is being
introduced (Fig. 83). The existing TRIO 129 has an
internal diameter of 29H8mm, and the new TRIO 131
has an internal diameter of 31,50H8mm (see paragr.
2.2.3.2 of this report).

A further development concerns the introduction of a

‘TRIO head which incorporates three separate displace-

ment devices, so that each of the installed sample
carriers can be moved independently. The first two of
these rig heads will be manufactured this year (Fig. 84).

b) New PSF devices

Transient condition experiments in the HFR pool used

to suffer from

- mechanical and nuclear interferences
neighbouring PSF positions,

- elastic deformations in the trolley drive mechanisms
causing jerky movements of the irradiation capsules,

between

A series of measures have been initiated to improve the

quality of transient experimentation, viz.:

- installation of a new PSF table support (see HFR
Programme Progress Report July-December 1979),
and several geometrical adjustments of the new
table with respect to the reactor vessel,

- installation of separation plates defining experi-
mental compartments (Fig. 87),

- additional rollers on the lower face of PSF capsule
supports for smooth guiding inside the separation
plates (Fig. 86),

- development of three new drive mechanisms
(trolleys), construction and out-pile testing of one
of them, using a so-called ‘“‘push-pull” transmission
(Fig. 85).

This type will be used for the first time during the
second half of 1980.

For PSF positions 9 and 10 which are regularly

occupied by the front end of the pool neutron radio-

graphy camera, special capsule supports have been

developed and manufactured (Fig. 88).

¢) Assembly laboratories
24 specimen carriers; 7 complete irradiation devices, and

5 PSF supports have been assembled during the
reporting period.
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Hot operation with experiment E138-2 will start in
November, 1980. The overall time needed for this
project has then been seven years, marked by the
following milestones:

- start of the project end 1973
- design phase:
mechanical 1974 - 175
electrical, electronics 1976 - 77
- manufacture, assembly, component testing:
mechanical 1976 - 77
electrical, electronics 1977-178
- cold test of the complete installation:
1st part (Technology hall) 1979

Apr.-Oct.1980
from Nov.,1980

2nd part (HFR building)
- active operation

References to paragraph 2.3.3.9

1. Abnahmetest der Sweep Loops.
R. Conrad, G. Robert,
Technical Memorandum, IT/80/1678, March 1980

2. Manual for Sweep Loops.
R. Conrad, G. Robert,
Technical Memorandum, IT/80/1679, Aug. 1980

23.3.10 Computing Facilities

a) General

The ever increasing needs for design calculations and for
data acquisition, processing, and retrieval have caused a
considerable enlargement of facilities on one hand
and the training of more and more staff for computer
operation, on the other hand. During the first half of
1980, the hardware used within the HFR programme
comprised :

- the JRC PDPI1/15 installation with multi-user
access, mainly working for BWFC data processing,
special heat transfer problems and other tasks
requiring specific software support,

- seven PDPIl1 mini computer-based data acquisition
and on-line treatment systems inside the reactor
building, to be enlarged to 11 by the end of the
year,

- two HP 9845 office computer installations (see
below),

- the CDC CYBER 175 batch terminal (see below),

b) HP 9845B desk top computers

One installation is used specifically for the BWFC
Programme (sece paragr. 2.2.3.4 and Fig. 52) for
data processing, a new filing (data bank) system, and
special LWR fuel pin transient behaviour code work.

The second installation has more general tasks. A

number of own programs have been developed:

- Program “ADECAY’ calculates activation of an
isotope during irradiation or activity of a radio-
isotope during a cooling time period. Plots the
results on logarithmic grid.

- Program “WUNDE 1” calculates radial temperature

distribution in a cylindrical geometry receiving
fission heating and/or nuclear heating.
Plots temperature profiles as well as temperature vs,
linear power (on various radii or varying the gas
mixture) and temperature vs. radius limiting the
gas gap.

- Program “BERNAT?” calculates burn-out conditions
in a water-cooled capsule using the Bernath’s
formula. Plots permissible heat flux density and
safety factor vs. flow.

- Program “HFR-OC” plots the percentages of the
HFR reactor occupation vs. cycle (maximum 11
cycles) in the form of a line chart.

- Program “TEXPLO” plots a text or block (for
example an organigram) on the external plotter.
A preliminary plot appears on the video of the
computer, enabling corrections or modifications
to be made before the external plotting.

During a training course held in Petten during two weeks
in January/February 1980, 10 members of the JRC staff
have been introduced into programming and operation
of these machines.

¢) CYBER batch terminal

The provided facilities include (Fig. 93):

- line printer 300 lines / minute

- card reader 300 cards / minute

- paper tape reader 500 characters / second

- flexible disc drive 253 k bytes

- control V.D.U, which selects the input and output
devices required and can also be used interactively
with the main frame.

- four satellite V.D.U.’s, which are connected to the
batch terminal on four separate circuits through a
multi-plexer.

A total of .33 V.D.Ul. connections are provided for

HFR Division personnel in their offices, so that the

provided services can be used remotely.

Communication with the main frame is at 9600 baud,
and response time rarely exceeds a few seconds even
during a period of high main frame usage.

The main utilization, on a self-service basis, is for
data processing of steady-state HFR irradiation
experiments (200 to 400 signal channels) and for
thermal behaviour design work using a two dimensional,
transient code.
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3. CONCLUSIONS

3.1 HFR Operation and Maintenance

The operation of HFR Petten has been pursued during
the first half year of 1980, according to the 1980/83
JRC Programme decisions.

The reactor operated within a few percent of the cycle
calendar established by the end of 1979. Perturbances
resulted from a large number of scheduled (10) and un-
scheduled (25) power reductions and scrams.

The overall plant availability was reduced by only
about one percent as a consequence of these
perturbations. However, the effect on irradiation tests
was undesirable.

During the winter maintenance period, a certain number
of components have been inspected, serviced and
replaced. The good state of health of the plant has been
confirmed.

Development work continued in support of the design of
new irradiation facilities and of refined data computa-
tions. A new PSF table has been installed for improved
transient irradiation experiments.

3.2 Reactor Utilization

Hampered by a lack of staff, the average occupation
could not reach the planned level and remained below
the average of the past three years :

Planned Achieved

Reporting utilization utilization
period (in ©/o of the
theoretical full capacity)

Jan./June ’77 74 66
July/Dec. 77 70 56
Jan./June 78 76 64
July/Dec. ’78 70 67
Jan./June 79 84 80
July/Dec. 79 77 74
Jan./June 80 85 64

The most significant achievements were:

- the successfull performance of nine HTR graphite
irradiation experiments

- the irradiation of a large number of tensile and
fracture mechanics steel specimens within narrow
temperature limits.

- the successful continuation of a new series of fast
breeder reactor fuel transient irradiation tests,

- 12 ramp tests on pre-irradiated LWR fuel pins,

- permanent utilization of nine horizontal beam tubes.

- intensified occupation of radioisotope production
facilities, particularly for activation analysis.

3.3 General Activities

A reduced number of projects could be pursued besides

the current maintenance of equipment and laboratories,

ie.

- detail design and specifications for a future reactor
tank ,

- manufacture of several new standard irradiation
devices,

- work on new LWR fuel irradiation devices,

- design and development of new PSF ‘trolleys’ and
improvements of the new PSF table,

- pre-start-up testing of a large out-of-pile installation.

Generally spoken the development activities suffered

from the work overload in the irradiation project sector

and could not be pursued with the desirable speed.
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JRC PUBLICATIONS
HFR Programme, January - June 1980

Programme Progress Report HFR, July - December 1979.
P. von der Hardt
COM 3731

Proceedings of the Third ASTM-Euratom Symposium on Reactor
Dosimetry.

H. Rottger (Ed.)

EUR 6813 en FS

Newsletter on Reactor Radiation Metrology, Nr. 13, February 1980.
H. Rottger (Ed.)

High Fluence Creep Behaviour of near Isotropic Pitch Coke Graphite.
M.R. Cundy (JRC Petten), M.F. O’Connor, G. Kleist (KFA Jiilich)
Paper to the Carbon *80 Conference, Baden-Baden, June 1980.

FRG/US-Zusammenarbeit bei der Charakterisierung von Reaktor-
graphiten.

M.F. O’Connor (KFA lJiilich), G.B. Engle, L.A. Beavan, R.D. Burnette
(General Atomic Company, San Diego), W.P. Eatherly (Oak Ridge
National Lab.), M.R. Cundy (JRC Petten).

Paper to the Carbon 80 Conference, Baden-Baden, June 1980.
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HP

HR
HTR
IAEA
IDEAS
INTEC
IRI
JRC
KFA
KfK
KTG
LEU
LOC
LVDT
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Advisory Committee on Programme Management
Amoeba Rig Test Experiment on kernel Migration, In-Pile Simulation
American Society of Mechanical Engineers
American Society for Testing and Materials
Austenitic Steel Irradiation
Brennelementsegment

Coated HTR fuel particle types

Borosilicate glass samples

Boiling Water Fuel-element Capsule

Carbide fuel TRIO irradiation

Closed circuit television

Central Information Index

Confidence Limit .

Corrosion experiment on Oxide fuels
Computerized On-line Supervision of the data Acquisition
Graphite In-pile Creep Machine

Data acquisition and control system

Damage to Activation Ratio

Deutsche Industrie Norm

Discontinuous in-pile graphite Creep Testing
Twin capsules for fuel pin irradiation
Energieonderzoek Centrum Nederland
Equivalent DIDO Nickel fast neutron fluence
European Economic Community

European Norm

European Nuclear Society

European Remote encapsulation Operating System
Euratom Working Group on Reactor Dosimetry
Fissile Isotope Target

Institute for Fundamental Materials Research, Jutphaas, the Netherlands
Gamma Irradiation Facility

Horizontal Beamhole

High-enriched Uranium

High Flux Pool Side Isotope Facility

High Flux Reactor

High Flux Facility for Isotopes

Trademark for Hewlett-Packard computers
Hydraulic Rabbit facility

High Temperature Reactor

International Atomic Energy Agency

Irradiation damage evaluation of austenitic steel
In-pile instrumentation test capsule
Interuniversitair Reactor Instituut (Delft)

Joint Research Centre

Kernforschungsanlage Jiilich
Kernforschungszentrum Karlsruhe
Kerntechnische Gesellschaft

Low-enriched Uranium

Loss-of-Cooling capsule

Linear Variable Displacement Transducer
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LWR Light Water Reactor

MONA Modular NAST

MTR Materials Testing Reactor

MUCE Millions of Units of Account

NAST Na-steel irradiation

NIRVANA Niobium and Vanadium samples irradiation in Na (sodium)
ORR Oak Ridge Research Reactor

PDP Trademark for ‘Digital Equipment Corporation’ computers
PIE Post-Irradiation Examens

PIF Pool side Isotope Facility

POCY POwer CYcling experiment

PPR Programme Progress Report

PROF Poolside Rotating Facility

PRS Pneumatic Rabbit System

PSF Pool Side Facility

R&D Research and Development

REFA Reloadable Facility

RIF Reloadable Isotope Facility

SHOT Stationary High Overlemperature experimeunt

SINAS Simplified NAS(T)

SNR Schneller Natriumgekiihlter Reaktor (Kalkar)

S.S. Stainless Steel

TEDDI computer programme to evaluate reactor neutron spectrum
TOP Transient Overpower experiment

TRAMP(STICK) gamma calorimeter

TRESON Mesure de Transport d’Energie en pile par méthodes Soniques
TRIO Irradiation device with three thimbles

USNRC Nuclear Regulatory Commission (USA)

VDU Vertical Displacement Unit (for irradiation capsules) or

Visual Display Unit (for computer operation)
WOL steel spécimen code
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