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BEMAERK

Den viden, som rummes i detie dokument, meddeles som fortrolig fra
Kommissionen for de europaeiske Faellesskaber til Medlemsstater, per-
soner og virksomheder og ma ikke videreaives til trediemand. (Euratom-
traktatens artikel 13 og Minersterradets forordning(EQF) 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 fdlgende .

ZUR BEACHTUNG

Die in diesem Dokument enthaltenen Kenntnisse werden von der Kom-
mission der Europdischen 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 fir 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 régiement (CEE)
N°® 2380/74 du Conseil de Ministres).

“Ni la Commission des Communautés européennes, ni aucune personne
agissant au nom de la Commission, n'est responsable de |'usage qui
pourrait étre fait des informations ci-apres.

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 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. SCOPE

Operation and utilization of the HFR (High Flux

Reactor) Petten fall within the scope of Part 10

(Service and Support Activities) of the 1977/80 JRC

Programme. The definition as a service activity has

been chosen for this action since the available irradia-

tion capacity is used by the large technological research

centres and the industry of the participating countries,

as well as by the JRC Establishments of Ispra,

Karlsruhe and Petten.

The successful operation and exploitation of the

reactor under the 1973/76 programme, confirmed by

the relevant Advisory Committee for Programme

Management (ACPM) justify the continuation of the

entire activity.

The work in and around the HFR Petten is oriented

towards

- the testing of materials under reactor conditions,
in support of nuclear power plant development
and reactor safety research,

- fundamental investigations into material properties
under irradiation,

- nuclear and solid state physics research,

- radioisotope production and activation analysis.

2. OBJECTIVES FOR THE REPORTING PERIOD

2.1 Operation

The cycle calendar established by the end of 1976 fore-
casted, for the reporting period, six reactor cycles and
the annual maintenance outage in February/March,
1977. The objective therefore was
a. to reach an accumulated reactor power of

150 days x 45 MW = 6750 MWd

b. to satisfy the detailed list of routine inspection,

repair and overhauling activities which fall under the
annual maintenance stop.

2.2 Utilization
Work on about 30 irradiation and 10 general projects
has been planned for the irradiation period.

The scheduled reactor occupation by irradiation
devices resulted in 74 °/o of the theoretical full load.

3. RESULTS

3.1 Operation

The reactor has been operated according to the pre-
determined calendar (Table 1).

Table 1 HFR Operation during the first half year 1977

Date Programme Accumulated
reactor power*)
01.01 - 24.01 | Cycle 77-01 1014 Mwd
25.01-21.02 | Cycle 77.02 1183 MWwd
22.02-07.03 | Maintenance stop| —
08.03-11.04 | Cycle 77.03 1401 MWwd
12.04 - 09.05 | Cycle 77.04 1169 MWd
10.05 - 06.06 | Cycle 77.05 1140 MWd
07.06 - 04.07 | Cycle 77.06 990 MWd*)
Total 6897 MWwd

*) during first half year only

The annual maintenance period in February/March has

been used for the following main activities:

- inspection and repair of the core clamp-down
devices (grid bars),

- modification of the new central reactor top lid,

- inspection, repair or replacement of various compo-
nents of the reactor primary and secondary circuits,
the building ventilation, nuclear instrumentation,
radioactivity monitoring, etc.

The routine maintenance of the control rod drive

mechanisms had to be postponed due to elevated

gamma radiation in the sub-pile room, originated from
lost 1921¢ pellets.



3.2 Utilization

- General

The occupation of the reactor by irradiation equip-

ment averaged 66 ©/o of the theoretical full load.

During the first half of the year the following turn-over

of irradiation (including major isotope) facilities took

place, (see Table 2):

- 7 experiments continued throughout the reporting
period,

- 9 new capsules have been loaded, two of which were
also unloaded during the reporting period,

- 5 other experiments have been terminated,

- 15 short-term transient condition irradiations took
place.

- Graphite

The large fundamental graphite irradiation programme
for KFA Jiilich continued with several capsules, and
temperatures ranging between 300 OC and 1250 °cC.
Three new experiments are being prepared for the
second half of the year. The results of three terminated
graphite creep irradiations have been evaluated, and a
new series prepared.

- HTR Fuel

A facility with three carriers containing HTR advanced
coated particle fuel has been unloaded, dismantled, and
transferred to post-irradiation examens. Project prepara-
tions commenced for two new HTR fuel experiments.

- Structural Materials

The irradiation of stainless steel tensile specimens for
ECN Petten has been resumed in three TRIO facilities.
A new design will increase the number of irradiated
specimens for future capsules. For the ECN LWR
programme, a natural convection pressurized water
facility has been taken in operation for studies on
mechanical fuel bundle components.

- LWR Fuel

Within the large series of power variation experiments
for pre-irradiated LWR fuel pins, by means of the
Boiling Water Fuel Capsule (BWFC), fifteen more
transient tests have been carried out. Further additions
have been made to the equipment for pre- and post-
irradiation inspection and for in-pile operation.

A highly instrumented capsule commenced irradiation in
May.

- Fast Reactor Fuel

For ECN Petten, the experiments for research on SNR
fuel pin safety continued with the irradiation of three
loss-of-cooling devices (“‘LOC”) and one overtempera-
ture capsule (*‘SHOT”’). Design and development work
started on oxide fuel pin transient experiments for GfK
Karlsruhe.

- Miscellaneous

A joint JRC Karlsruhe/JRC Petten experiment started
on in-pile testing of noble metal and ultrasonic high
temperature thermometers.

Table 2 HFR Petten. Status of experiments, and major progress achieved during the first six months.
Project ar. Designation, Kind of Experiment Work carried out January through June, 1977
ER 005 DRAGON graphite irradiation PIE of the last irradiations
ER 006,007,008 Standard isotope facilities Continuous utilization for radioisotope production
R 009,010, Horizontal beam tubes Continuous utilization throughout the year.
011,013,014 | Various nuclear physics and solid state physics Installation of new equipment for several experimental series.
107,130,159] experiments
RX 043 CADO. Nuclear Heating Calorimeters Regular measurements in various in-tank positions
R 054 Fast Reactor fuel overtemperature test (SHOT) Irradiation of rig 38 started. Three subsequent rigs under assembly.
R 063 Fast reactor fuel loss-of-cooling tests (LOC) Rigs nr. 15, 17 and 18 irradiated. Two subsequent experiments
in preparation.
D 085 Fundamental graphite properties investigation Rigs nr. 15, 16 and 27 irradiated. Three new experiments under
preparation.
ER 090 Reloadable isotope facility (R1F) Continuous utilization for radioisotope production
RX 092 Neutron damage studies on HFR vessel material Intermittent irradiation.
E 094 In-pile high temperature sensor tests Third irradiation started.
R 103 BERO, high pressure water irradiation facility Continuous irradiation.
E 121 LWR fuel irradiation device development Irradiations nr.2 and 5. Three subsequent rigs under assembly.
D 125 Power cycling of pre-irradiated fuel pins 15 pre-irradiated fuel pins submitted to various power ramp
: programimes.
D 128 In-pile behaviour investigation on LWR fuel pins | First irradiation started.
E 132 Vanadium sample irradiations Irradiation nr. 6 completed.
R 137 Coated HTR fuel particle irradiation (BATAVIA) | PIE started.
R 139 TRIO steel specimen irradiations (SINAS) Two capsules irradiated.
E 145 TRIO steel specimen irradiation (AUSTIN) Continuous irradiation.
R 151 NIRVANA YV and Nb irradiations Design and manufacture completed.
E 154 CARSON, Ultra sonic thermometry Design and manufacture completed.
D 156 DISCREET Graphite creep rigs Design and manufacturc completed.
R 158 HOBBIE. Zircalloy creep collapse experiment Design, manufacture and part of assembly completed.
E 160 PLAISIR. Plastic specimen irradiation Three irradiations carried out.;




Design and manufacture for three vanadium and
niobium sample irradiation devices (ECN) are well
advanced.

The behaviour of different plastic material samples
under low neutron dose exposure has been evaluated
(JRC Ispra).

- Beam tubes, radioisotopes
The utilisation of the horizontal beam tubes for solid
state and nuclear physics experiments (ECN, FOMRE)

continued. The major effort in radioisotope facilities
still concerned 9Mo, the production of which has been
intensified.

3.3 General Activities

These concerned manufacture and purchase of general-
purpose irradiation equipment (capsules and out-of-pile
control panels), the development of new capsules, and
laboratory work on special in-pile instrumentation.

4. CONCLUSIONS

Operation and utilization of JRC’s materials testing
reactor HFR Petten were resumed on January lst,
1977, in accordance with the 1977/80 programme
proposal.
The plant has been operated within a few percent of the
planned schedule. The maintenance activities have been
carried out to the detailed programme, with one
exception (inspection of the control rod mechanisms).
The reactor occupation lagged behind schedule by 8 0/o
(66 vs. 74°/0), due to the following reasons:
- delays during design and development stages of new
projects (3 ©/0),

- delays in fabrication and assembly of irradiation

equipment (4 o/o),
- in-pile failures and programme modifications (1 %/o).

Severe limitations in authorized staff levels, as already
emphasized in past Annual Reports make it hard to
exploit the reactor to its full capacity.
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1. INTRODUCTION TO THE HFR
PROJECT

As a typical Materials Testing Reactor (MTR), the
High Flux Reactor (HFR) Petten uses plate-type fuel
elements with fully enriched uranium and burnable
poison, light water cooling/moderating, and beryllium
moderating/reflecting.

Built for the former Reactor Centrum Nederland
(RCN) as an ORR (Oak Ridge Reactor) type, HFR has
been transferred to the European Atomic Energy
Community in 1962. Since that time, operation and
utilization of the reactor have been part of the research
programmes of the JRC (Joint Research Centre).

Operation and maintenance of the plant are entrusted
to the Dutch research establishment ECN (Energie
Onderzoek Centrum Nederland) under contract.

The operating pattern of the HFR follows a 28-days’
period, comprising 26 days of actual reactor operation,
followed by a 2-days’ regular reactor shut-down. This
shut-down period is used for installation and reloading
of the irradiation rigs, maintenance to the reactor and
experiment facilities, and for refuelling. The 26 days
cycle duration has been realised by a fuel loading in
five zones and a maximum burn-up of 55%/0.

The fresh assemblies containing 390 g 35U and the
nearly spent assemblies are loaded in the peripheral
zones of the core, while the other assemblies are placed
in the central zones of the core. By moving the fuel
assemblies stepwise from one zone to another after
each reactor cycle, stable irradiation conditions can be
maintained for successive cycles.

The HFR is operated at 45 MW for approximately
290 days per year. Two extended shut-down periods,
i.e. a 3-weeks period for maintenance and modifications
at the beginning of the year, and a 4-weeks period for
holidays and maintenance during the summer season,
interrupt the reactor operation during each year.

The tight inspection and maintenance schedule,
together with a continuous process of replacement
and renewal of components, has kept the plant in an
excellent condition. Outages due to component
failures are practically unknown.

The reactor can be considered as a large testing facility
for material specimens and components of operating
and future nuclear power plants. Its main use is
therefore directed towards the support of R & D
programmes of European Research Centres, nuclear
industry, and own JRC projects. As a side-line,
experiments in solid state and nuclear physics are
carried out, and radioisotopes are produced.

In terms of the nature of specimens irradiated, the
distribution in 1976 was approximately as follows
(in percentages of the used capacity):

Graphite, and HTR fuel 37
Structural materials 16
LWR fuel 8
Fast breeder reactor fuel 8
Neutron physics, and radioisotopes 21
Miscellaneous 10

After the dismantling of the high pressure water loop,
only capsule-type experiments are carried out in HFR.
Special devices have been developed for various reactor
safety related experiments, for in-pile creep measure-
ments, in-pile instrumentation development, fracture
mechanics studies, etc. Close collaboration between all
organizations and covering all specialities involved in
reactor materials research has turned out to be the
most efficient approach for irradiation testing.

The HFR Programme Progress Reports contain major
contributions from staff of the Dutch establishment
ECN, through their functions as contractual reactor
operators.

The HFR is part of point 10 (service and support
activities) of the 1977/80 JRC Programme. It is
endowed with a staff of 94 of which 42 are research
personnel.
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Table 2.2 Basic operating data
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Table 2.2 reveals that reactor operation was interrupted
by 13 unscheduled scrams. Two scrams and one power

Subject 1st half |2nd half decrease were scheduled. In four situations, restart of

1977 1976 the reactor after scram was not possible because of

Xenon poisoning. During cycle 77-01 a power supply

Integrated reactor power | MWD 6897 2968 failure of several hours necessitated core reloading. In

Average reactor power MW 45.1 45.4 cycle 77-03 and 77-04 the excess reactivity of these

Operating time /o 84.5 71.8 cores was too low to restart the reactor after the scrams

Unscheduled shutdown caused by a temperature overshoot in a LOC (R63-17)

time %/ 1.4 0.2 experiment and by a human error during pre-operational
testing on a SHOT (R54-38) experiment,

d 13 12 . -
Unscheduled scrams In cycle 77-05 a very short increase in radioactivity of
Unscheduled power de- the ventilation air caused a scram on gasmonitor I.
Creases - - During restart of the reactor this occurred again and
Planned scrams 2 2 after this second scram restart was not possible and core
Planned power decreases 1 1 reloading was necessary. The cause of the short increase
Fuel consumption gr235U 8614 7454 of gasactivity was the opening iI.I tl"le release of sli.ghfly

radioactive air in the cell ventilation to the building
Released through stack o .-
41 ventilation system.
( TTAD Ci 234 269
More detailed information such as nature and causes
of all operational disturbances is given in Table 2.3.
Table 2.3  Scrams, power decreases and incidents
Date | Hour [Duration | Disturbance | Reactor system or Cause Code | Core no.
hrs./min. type experiment
4/1 0943 | 00.17 AS BWFC installation | During check of instrumenta- OE | 77.01.1
tion a short circuit was made.
4/1 14.09 | 19.01 AS Power supply Power supply failure. Xenon PS | 77.01.1
poisoning necessitated core
reloading.
6/1 20.51 | 00.27 AS Interlock system Blown fuse in reactor interlock FR | 77.01.2
system.
10/1 | 08.50 | 00.14 AS BWEFC installation | Loose connection in instrument- | 1E 77.01.2
ation.
13/1 [ 11.27 | 00.22 AS Exp. R63-15 Interference spike on MV units 1E 77.01.2
while adjusting NaK level
indicators
21/1 [ 15.31 | 00.24 AS Exp. R63-17 Mechanical interference between | FE | 77.01.2
(moving) D125 (BWFC) and
R63 exp. caused ‘‘high temp.”
scram in latter.
15/3 00.31 AS Exp. R63-15 Intended fuel failure ME | 77.03.1
30/3 | 19.32 | 17.08 AS Exp. R63-17 As 21/1 (above) FE ]77.03.1
13/4 {11445 | 00.21 AS interlock Blown fuse in reactor interlock 1E 77.04.1
system
6/5 11.18 | 13.36 AS R54-F38 E-unit reactivated without OE | 77.04.1
previous clearance of “low
cooling” scram status of SHOT
experiment. Xenon poisoning
necessitated core reloading
18/5 | 09.41 | 00.17 AS Gasmonitor I Both scrams caused by active FE {77.05.1
18/5 }110.22 | 10.33 AS Gasmonitor 1 gas release from exp. R63-17
during cutting of exp. in hotcell
Second scram caused xenon
poisoning of core.
13/6 }20.53 | 00.32 AS Control rods Spontaneous drop of control FR [ 77.06.1
rod I
21/6 104.24 | 00.36 AS Control rods Same as above
21/6 |23.40 | 00.29 PD R63-18 Power 20 MW, testing of R63 ME | 77.06.1
. . PSF-trolley
22/6 |16.41 | 00.22 AS R63-18 Intended failure of fuel pin ME | 77.06.1
AS : Automatic scram F : Failure system or operating condition R : Reactor
APD : Automatic power decrease I1: Instrument failure E : Experiment
PD : Manual power decrease O : Operating error
MS : Manual shut down PS : Power supply failure
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Special Measurements

Before the start of cycles 77-02 and 77-03 four flux
measurements have been carried out in order to
investigate the possibility to measure the neutron
fluence of reactor experiments with flux wires in the
corners of filler elements rather than inside the
experiment itself (see section 2.1.3.3, ‘‘external
dosimetry’’),

In the reactor stop period between cycle 77-04 and
77-05 a series of reactivity measurements on in-core
experiments have been carried out in order to investigate
the possible causes of the relatively small excess
reactivity margin in the cores of cycles 77-03 and 77-04.
During all cycles nuclear heating measurements were
performed with the CADO rig in the HFR irradiation
positions C7, C3, C5, F2, H2 and G7 (see section
2.1.3.3).

Utilization of isotope and rabbit facilities

A survey of the utilization frequency of the various
isotope and rabbit facilities is given in Table 2.4.

Table 2.4 Utilization of standard isotope facilities.

Code Facility Number of
irradiations
Ist half | 2nd half
1977 1976
PR 1 Pneumatic
rabbit system 589 787
HR Hydraulic
rabbit system 7 6
PIF(ERG6) Poolside
isotope facility 72 90
HFPIF(ERSR) | High flux PIF 46 14
PROF Poolside
rotating facility 82 69
RIP (ER7-2) | Reloadable
isotope plug 20 8
RIF (ER90) | Reloadable
isotope facility 423 273
GIF Gamma irradia-
tion facility 11 32
FASY Fast rabbit
system 171 603

Fuel management (see section 2.1.3.2 and 2.1.3.3)

During the first half year 55 new fuel elements have
been delivered. No depleted fuel elements have been
transferred for reprocessing. Preparations are made for
the transfer of a large amount of fuel elements for
reprocessing to the United States (see also 2.1.3.2).

A new contract has been negociated for the 1977/80
supply of HFR fuel elements. During the reporting
period, numerous adjustments have been made to the
draft; the final version will be ready by July, 1977.

Table 5 Status of HFR fuel elements.

2nd half
1976

Ist half
1977

Transfer of depleted fuel ele-
ments - -
Transfer of depleted control
rods - —
Average burn-up of trans-
ferred fuel elements - -
Average burn-up of trans-
ferred control rods - -
Delivery of new fuel ele-
ments 55 24
Delivery of new control
rods - 17
New fuel elements available
for use at end of half year 52 40
New control rods available
for use at end of half year 9 16
New fuel elements charged
to the core 43 30
New control rods charged
to the core 7 9
Fuel elements depleted 37 32
Average burn-up of depleted
fuel elements 48%/o 47%0o
Control rods depleted 8 6
Average bum-up of depleted
control rods

50°%0 | 47%o0

2.1.3.2 Maintenance and modifications

Mechanical installation

General

During this period the yearly maintenance program has
been carried out. Because of high irradiation fields near
the control rod drive mechanisms in the subpile room, it
has been decided to postpone the maintenance of these
parts to the summer holiday period. The increased
radiation levels are caused by several irradiated iridium
pellets which have remained near the reactor bottom

. cover after failure of an iridium irradiation capsule in

September 1976 (see third quarterly report of 1976).
Efforts to remove these pellets by means of a suction
tube during the first part of the maintenance stop failed.
The radiation levels at several spots on the ceiling of the
subpile room vary from S5 to 25 R/hr. Due to 1921y
decay these levels will be reduced by a factor 6 at the
time of the summer shutdown period.
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A new <y-radiation monitor has been installed at the
poolside balcony in order to warn against high radiation
levels during manipulation of stored experiments.

Process instrumentation

- Temperature measuring systems overhauled and
calibrated.

- Pressure and flow channels checked.

- Pneumatic valves in the ventilation control system
fully overhauled.

- Routine maintenance and minor repairs.

Miscellaneous

The CCTV monitor and control system in the control-
room replaced by two 9” control desk monitors and one
20’ panel monitor together with a new camera selection
and control system. This work was done in connection
with the installation of the physical protection system.
(see ““Physical protection).

Experiment instrumentation

- Electronic position control of PSF trolleys checked
and recalibrated.

- Connection of new experiments to the standard
instrumentation and interlock systems.

- Disconnection of the heater control panel of the
NAST experiments.

- Dismantling of the HD-loop instrumentation started.

- The COSAC computer has been installed behind the
control room and connected to a spare data-logger
for testing and for instruction and training of reactor
operators.

- Modification of the PSF trolley control panel has
started in order to get a higher degree of flexibility
in the connection between the BWFC control panel
and the trolley drive units.

Electrical installation

Power and light installation

- Block brushes of emergency supply systems VZO 1
and VZO 2 renewed.

- Installation of the new electric supply and control
circuit of the helium liquifying system in the primary
pump building.

Adaption of the control of the vehicle corridor to the
physical protection system.

- Lighting system in reactor hall extended to new

balconies.

- Installation of electric system in the new operators
cantine and in the new neutron radiography film
development room.

- Air dust monitors in the reactor hall and in the
central measuring panel in the Health Physics room
connected to the emergency power supply instead of
the normal supply.

- The chimney gas activity monitor in the ventilation
building connected to the failure-free emergency
power supply.

- Special power connection system (380V) installed for
the under-water vacuum cleaner. This system had to
be supplied with a current-leakags safety device in
accordance with the rules given by the Labour
Inspectorate.

»

Physical protection

During this quarter numerous cables have been installed
and connected to the various electronic detectors and
switches. In view of capacity problems the gastight
connection blocks of the emergency airlock had to be
renewed.

Experiment installations

- Dismantling of electrical systems of the high-pressure
loop.

- Connection of the central BWFC installation to the
emergency power supply system.

Miscellaneous

- Electric motor of off-gas blower overhauled, and
bearings renewed.

- Obstacle lighting on chimney of ventilation building
replaced.

- Several minor repairs and modifications.

2.1.3.3 Nuclear support and development

Characteristics of HFR cores

Flux calculation method

The HFR-TEDDI computer code package, which is
routinely used for providing all HFR users with the
nuclear characteristics of the actual HFR cycle cores, has
been extended by a summary of the flux and fluence
data in experiment positions for publication in the
monthly cycle reports.
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In this period the users report of the HFR-TEDDI
programme package has been edited [1].

Neutron spectrum measurements
Experiment FLUX 76-02

The results of neutron spectrum measurements in the
positions C3, D2, E5, G7, and H8 of core 490-2 have
been presented in the report ECN-77-001.

With the obtained spectrum results, damage-to-activation
ratios and damage flux densities have been calculated for
graphite, stainless steel and aluminium.

Experiment FLUX 76-03

The results of the thermal and fast flux density measure-
ments performed in HFR core configurations 493, 494
and 495 within the framework of experiment “FLUX
76-3" (characteristics of the new core type 1976), have
been given.

Local Flux distribution in fuel elements

In order to obtain best values for the radial (fh) and
axial (a) flux factors for HFR fuel elements, flux
measurements derived from copper wire irradiations
have been compared to fission product distribution data
obtained by y-scanning of irradiated fuel plates.

Up till now four scans of fuel plates have been made
(position C4 of core 74.02.1, position F7 of core
74.02.2, position G6 of core 489 and position C2 of
core 493). Simultaneously with the irradiations of the
fuel assembly with dismountable fuel plates a number
of copper wires was irradiated.

From both types of measurements values were
derived for fh and for a-300. The parameter fh denotes
the maximum value of the horizontal distribution
factor; parameter a@-300 denotes the ratio of the
thermal flux at the bottom of the fuel layer and the
vertically averaged thermal flux density.

Now a comparison has been made which shows that in
principle the scan procedure is very attractive for

Table 2.7 Nuclear heating in small graphite samples.

arriving at more accurate values of the parameters fh

and a-300. If in future more copper wire measure-

ments are to be performed, it seems worthwile to try to

mount the wires just near the fuel plates at the outside

of the fuel assembly.

The ratio of fh values (four values) as measured with

copper wires to those measured by scanning the fuel

plates was 1.0 with a relative standard deviation of

6.5 9/o.

For the a-values the average ratio (17 values) was 1.3

with a relative standard deviation of 13 ©/o. The large

value of the standard deviation can be explained by the

facts that:

a. the collimator slit used for the SCANSPEL measure-
ments is not so very small;

b. the copper wires were positioned at some distance
from the SCANSPEL measuring positions;

c. the position of the fuel bottom is not well known.

Neutron damage calibration

A report, ECN 77-026, has been written which describes
the results of exp. GAMIN-1 and GAMIN-2. With aid of
the graphite damage dosimeters, GAMIN, an experi-
mental correlation has been established between damage
of graphite and the fast neutron fluence involved.

The irradiation of these dosimeters and activation
detectors took place in several experiment positions of
the HFR.

The experimental correlation data are compared with
the number of displacements as calculated with the
damage function of Thompson and Wright applied to the
neutron spectrum at the irradiation position, which is
determined with the SAND-II unfolding technique.

Nuclear heating measurements

The nuclear heating measurements in small graphite
samples have been continued in each reactor cycle during
this period. In the Figures 2.15 through 2.19 the axial
nuclear heating distributions are given for the positions
C7, G3, G5, F2 and H2. As shown in Table 2.7, which
summarizes nuclear heating data for five different core
positions, reasonable agreement is found between
measured and calculated data.

Core number Control rod | In-core Max. nuclear Axial average nucl. heat Difference
settin osition heating ) . at 45 MW
in Cmg P measured in W/g measured in W/g | calculated in W/g in 0/0
77.01 55 C7 10.04 7.49 6.62 -12
77.02 56 G3 6.73 5.33 4.92 - 8
77.03 60 G5 8.09 6.51 5.85 -10
77.04 56 F2 5.39 4.24 4.12 - 3
77.05 61 H2 2.74 2.22 244 + 5
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fluences, damage effects) of 2 to 5 ©/o.

b) An internationally accepted starting point for data
treatment in neutron metrology work is the
ENDF/B-IV dosimetry file, which has been made
available in a world-wide scale through the four
international nuclear data centers (Brookhaven,
Saclay, Vienna, Obninsk).

¢c) Appreciable discrepancies exist between measured
and calculated average cross section values in the
235y fission neutron spectrum.

The representation of the high energy tail (above
= 8 MeV) of this spectrum needs further study.

d) Dosimetry reaction in categories I and II and

classes of benchmark neutron fields have recently
been reviewed by the IAEA 1976 Consultants’
Meeting. The accepted tables constitute the basis
for a critical analysis of integral measurement date
which is or becomes available.
The benchmark field approach can serve to detect
discrepancies and inconsistencies to arrive at a
better quality of cross section data, and to
improve spectrum determinations by the unfolding
technique.

e) Many integral experiments in several benchmark
fields, based on interlaboratory and international
cooperation, are needed to arrive at the requested
accuracies of 2 to 5 9/o.

Nuclear Data Guide for Reactor Neutron Metrology.

A document was prepared about nuclear data within
the framework of the activities of the subgroup
“Nuclear Data’” of the Euratom Working Group on
Reactor Dosimetry (EWGRD).

This document lists numerical data on activation
detector materials, on detector reactions involved and
on radionuclides produced. The data are mainly taken
from evaluations. Where evaluations were missing,
unknown or out-of-date, data from more recent litera-
ture sources have been taken.

The detection reactions considered were selected
based on available information on its use for reactor
neutron measurements.

The Euratom Working Group on Reactor Dosimetry
thinks that this. document may contribute to a
common data set for all laboratories working in the
field of reactor neutron metrology. It is expected that
after one or two years an updated and revised
guide will be issued.

Spectrum unfolding calculations.

The Programme SAND-II (the neutron spectrum
unfolding code) has been extended with two new
functions for the fission spectrum part.

The DOSCROSS77 library contains 49 reactions. It is
the intention to update the library every year with
new recommended data. A description of the library
will be given within the next six months.

- Damage cross section library DAMSIG77.

The results of a conversion of the data of damage cross
sections of various materials from different libraries to
a data format which can be applied as a library for the
programme SAND-II have been given in the report
ECN-77-012.

The materials which are available in this library are
graphite, stainless steel, aluminium, silicium, chromium
iron, nickel, copper, zirconium, molybdenum, tungsten
vanadium and niobium.

v-spectrometry.
IDENT libraries

The programme IDENT is used to identify the presence
and the amount of radionuclides in a measured gamma-
ray spectrum. Programme IDENT needs several
libraries with nuclear data. The following libraries have
been composed with data taken from the MEIXNER
library:

NUCL: This library contains the general information
about different nuclides i.e. the decay
constant.

EBYN: This library contains the gamma-ray energies
and the gamma yields per disintegration
arranged in order of increasing proton number

EBYE: This library contains the gamma-ray energies
arranged in order of increasing energies
extended with gamma yield and decay
constant.

The IDENT libraries have been described in

ECN-77-054.

To be able to update the IDENT libraries several update
programmes have been written. To update the library
EBYE the following programmes are now available:
DELEN and ADDEN.

To wupdate the library NUCL the programmes
DELNUCL and ADDNUCL are written. All these
programmes are stored on the user library packet
MBSPROG.

A description of these updated programmes has been
given in ECN-77-052.
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2.1.4 .Conclusions

The operation of HFR Petten has been resumed on
January Ist, 1977, in accordance with the 1977/80
JRC Programme Proposals.

The reactor operated within few percent of the cycle
calendar established by the end of 1976.

Perturbances originating from a rather large number
(13) of unscheduled scrams only resulted in negligible
additional outage times (1.4 O/o). However, these
interruptions are undesirable both for reactor and for
irradiation experiment operation, and measures are
being desired to improve instrument reliability (most
of the scrams being caused by instrument failures).
Work carried out during the annual reactor
maintenance period confirmed the satisfactory state of
health of the plant. On a routine basis, a large number
of items have been replaced, including worn-out in-core
components.

Calculations and in-pile measurements by activation
detectors and calorimeters have further improved the
accurate knowledge of the reactor’'s nuclear
characteristics.

As far as fuel and fuel elements are concerned the US
embargo on the supply of highly enriched uranium
could be overcome due to along-term stockpile policy
applied by JRC Petten. However, the resumed supplies
during the reporting period came in the nick of time to
prevent reactor outages in 1978.

A survey of future schedules is given below.

References

1. A. TAS, GJ.A. TEUNISSEN: “Users report of
HIP-TEDDI, a two-dimensional, four group code
for the calculation of the neutron fluence in
experiment positions and operating data of the
materials testing reactor HFR at Petten.”
ECN-77-058. To be published.

Survey of future schedules.

2.2 Reactor Utilisation

2.2.1 Objectives

The reactor can be considered as a large testing facility

for material specimens and components and as a

neutron source for fundamental research. The work in

and around HFR Petten therefore is oriented towards

- the testing of materials under reactor conditions,
in support of nuclear power plant development
and reactor safety research,

- fundamental investigations into material properties
under irradiation,

- nuclear and solid state physics research,

- radioisotope production and activation analysis.

The key objectives for the reporting period have been
(with the number of experiments):

- start of new irradiations 15
- continuation throughout the reporting period 3
- unloading after end of irradiation 11
- short term transient irradiations 17

- eight horizontal beam tubes in permanent use,
installation of a mirror system into beam tube
HBO,

- three isotope facilities in permanent use,
installation of two new facilities.

2.2.2 Methods

Irradiation projects come into existence by request of
experimenter (JRC or external organization).

They then pass through the following main stages

- Design study (feasibility study)

- Detail design and calculations

Building extension

Design

1977 1978 1979 1980
7 8 9 10 11 12
Operating cycles p— —t | e I e
Spring outage 0 =]
Summer outage B = = =

of a new vessel

Possible manufacture

of a new vessel
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3. CONCLUSIONS

3.1 HFR:' Operation and Maintenance

The operation of HFR Petten has been resumed on
January 1st, 1977, in accordance with the 1977/80 JRC
Programme Proposals.

The reactor operated within a few percent of the cycle
calendar established by the end of 1976.

Perturbances originating from a rather large number (13)
of unscheduled scrams only resulted in negligible
additional outage times (1.4 °/o). However, these
interruptions are undesirable both for reactor and for
irradiation experiment operation, and measures are
being designed to improve instrument reliability (most
of the scrams being caused by instrument failures).

Work carried out during the annual reactor maintenance
period confirmed the satisfactory state of health of the
plant. On a routine basis, a large number of items have
been replaced, including worn-out in-core components.
The inspection of the control rod drive mechanisms had
to be postponed due to high gamma radiation fields in
the sub-pile room, caused by lost 192]¢ pellets.
Calculations and in-pile measurements by activation
detectors and calorimeters have further improved the
accurate knowledge of the reactor’s nuclear
characteristics.

As far as fuel and fuel elements are concerned the US
embargo on the supply of highly enriched uranium
could be overcome due to a long-term stockpile policy
applied by JRC Petten. However, the resumed supplies
during the reporting period came in the nick of time to
prevent reactor outages in 1978.

3.2 Reactor Utilisation

a) Survey

Although the absolute figure of the average HFR
occupation during the first half of 1977 was satisfactory
(66 ©/o), it remained below the target figure (74 ©/o).
This is due, for the most part, to a permanent work
overload in the services directly involved in develop-
ment, design, manufacture, and operation of irradiation
equipment, viz.

project engineering drawing office

computers workshops
electronics assembly and testing
operations dismantling

Subcontracting has been applied since several years for
handling the bulk work of detail drawing, machining,
electronic component fabrication, but these possibilities
are practically stretched to their limits.

As a result of the chronic lack of personnel the reactor
remains occupied below its possibilities whereas new
projects cannot be taken up according to the demands.
Moreover, the ancillary services to irradiation experi-
ments (surveillance, data acquisition and treatment,
evaluation, reporting) could not in all cases be supplied
in adequate quality and quantity.

b) Most significant achievements

- Structural materials

The irradiation of a large number of stainless steel
specimens for safety investigations on the SNR vessel
continues with a remarkable accuracy in timing and
fulfillment of experimental specifications.

- LWR fuel

Significant contribution to reactor safety research comes
from the series of power ramp experiments on pre-
irradiated fuel pins from commercial nuclear power
plants. Fifteen transient tests have been carried out
during the reporting period, bringing the total number
to 30.

- Fast Reactor Fuel

The long-standing series of fast reactor safety experi-
ments has been continued by the ECN loss-of-coolant
(LOC) transient, supplying valuable information on fuel
pin behaviour in a sodium dry-out situation and on fuel-
coolant interactions.

- Instrumentation

The joint JRC Karlsruhe/JRC Petten experiment with an
ultrasonic high temperature sensor confirmed the
viability of this thermometer under reactor conditions.

3.3 General Activities

The general activities in support of the HFR Project

have been hampered both by the limitation of

authorized staff level mentioned before and by the

absence of a Council decision on the 1977/80

programme proposals (which resulted in a lack of

adequate budget appropriations).

Among the activities delayed or deleted were

- design studies on new LMBFR transient test
facilities,

- development of in-pile measuring techniques for fuel
pin diameter changes,

- in-pile instrumentation developments,

- design studies on novel safety experiment devices,

- assembly and testing of a new sweep gas installation.

- introduction of a new computer-controlled data
acquisition system.

It is expected that most of these activities can be taken

up during the second half of the year.
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GLOSSARY

ACPM (CCMGP)
AERE

ASTM

AUSTIN
BATAVIA

BEST
BONI
BR2
BWFC
CADO
COSAC
ECN
EEC
EWGRD
FIT
FOMRE

GFK
GIF

HB
HFPIF
HFR
HIF1
HR

HT

HTR
JRC
KFA
LOC
LSO
LWR
MACRO
MTR
NAST
PCD

PCI

PDP

PIE

PIF
PROF
PRS
PSF
R&D
RIF
SAND-II
SHOT
SINAS
TEDDI
TRESON
TRIO
UA
WFIRO
WRZRO
WUNRO
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Advisory Committee on Programme Management

Atomic Energy Research Establishment

American Society for Testing and Materials

Austenitic Steel Irradiation

Bilateral Advanced Trio And Vented-capsule Irradiation Assess-
ment

Brennelementsegment-Test

Borosilicate glasses Neutron Irradiation

Belgian Materials Testing Reactor at Mol

Boiling Water Fuel-element Capsule

Calorimetric Dosimetry

Computerized On-line Supervision of the data Acquisition
Energieonderzoek Centrum Nederland

European Economic Community

Euratom Working Group for Reactor Dosimetry

Fissile Isotope Target

Foundation for fundamental Material Research by means of X-
and electron rays

Gesellschaft fiir Kernforschung (Karlsruhe)

Gamma Irradiation Facility

Horizontal Beamhole

High Flux Poolside Isotope Facility

High Flux Reactor

High Flux Facility for Isotopes

Hydraulic Rabbit facility

High Temperature

High Temperature Reactor

Joint Research Centre

Kenrforschungsanlage (Jiilich)

Loss-Of-Cooling

Petten Hot Cell complex

Light Water Reactor

Computer programme for data acquisition

Materials Testing Reactor

Natrium-Stahl-Bestrahlungen

Pneumatic Centering Device

Pellet-Cladding Interaction

Trademark for “‘Digital Equipment Corporation” Computers
Post-Irradiation Examinations

Poolside Isotope Facility

Poolside Rotating Facility

Pneumatic Rabbit System

Poolside Facility

Research and Development

Reloadable Isotope Facility

Spectrum Analysis by Neutron Detectors

Stationary High Overtemperature experiment

Simplified NAS(T) irradiation

Computer programme to evaluate reactor neutron spectrum.
Mesure de Transport d’Energie en pile par méthodes Soniques
Irradiation device with three channels

Unit of Account

Computer programme for two-dimensional heat transfer (r,p)
Computer programme for two-dimensional heat transfer (r,z)
Computer programme for one-dimensional heat transfer (r)
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