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The HFR Petten. 



1. INTRODUCTION 

The High Flux Reactor Petten belongs to the Institute for Advanced Mate­
rials of the Joint Research Centre of the European Communities. 
The reactor is operated and exploited in support of research programmes 
of the European Community and of its Member states. 

The expenses for the HFR are covered to a large proportion by a supple­
mentary programme funded by the Governments of the Federal Republic 
of Germany and the Netherlands, with a considerable addition from the 
common programme of the JRC. Although the contribution of public fun­
ding is by far the largest, there isan increasing income from services of the 
HFR offered to third parties inside and outside the European Communities. 

As in the past the HFR Petten is operated and exploited as a multi purpose 
research reator. The programme covers the fields of nuclear fission energy 
with special regard to safety aspects, thermo-nuclear fusion, fundamental 
research with neutrons in fields of nuclear and solid state physics and mate­
rials science, large scale radioisotope production for medical and industrial 
applications, neutron activation analysis, neutron radiography, and cancer 
therapy (Boron neutron capture therapy). Safe and efficient operation of 
the reactor is in itself an expressed programme objective. 

In 1990 the performance indicators of the HFR have been impressively high 
again: 
- High availability, 262 nominal power days 
- High utilization, 7 1 % of capacity 
- Good progress on maintenance and upgrading of the reactor itself, its 

ancillary equipment, and the experimental facilities. 

The execution of the irradiation programme has been succesful too. The 
achievements are reported in detail in the following chapters. The follo­
wing are mentioned here as outstanding examples: 
- First in-pile tests to investigate iodine release from PWR fuel under loss 

of coolant accident conditions 
- Start of a series of reference tests from fuel elements forthe German HTR 

module with simulation of power plant operating conditions 
- Remarkable fresh momentum to the fast breeder fuel irradiation pro­

gramme from the European Fast Reactor Project 
- Successful continuation of the large fusion materials programme, with 

new emphasis on welded joints from steel 316 and successful in-pile tests 
of a redesigned creep rig 

- Remarkable increase of radioisotope services, mainly for the medical 
sector 

- Important progress on the Boron Neutron Capture Therapy project, in­
stallation of an epithermal neutron filter into the large cross section beam 
tubeHB11. 
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MP 35 
MP 20 
MP 35 
AP 1 
MP 20 
MP 35 
MP 35 
MP 20 
MP 20 
MP 15 
MP 35 
MP 35 
MP 20 
AP 40 
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E S ERI36 Facility handling 
E S D227-O2 Experiment unloading 
E S 136 Facility handling 
A H Secundary Pump switched off by accident 
E S 227-O2 Experiment loading 
E S 136 Facility handling 
E S 136 Facility handling 
E S 227-02 Experiment unloading 
E S 227-02 Experiment loading 
E S 206-22 Experiment handling 
E S 136 Facility handling 
E S 136 Facility handling 
E S 227-02 Experiment unloading 
R H Off-gas Wrong switch activated 
E S 215-12/13 Experiment handling 
E S 136 Facility handling 
E S 136 Facility handling 
E S 227-02 Experiment handling 
E R 139-587-8-9 Experiment could not be flushed 

Experiment repaired and replaced 
E I 240-33 Defective cooling air safety switch 
E S 227-02 Experiment loading 
E S 136 Facility handling 
E S 136 Facility handling 
E S 227-O2 Experiment unloading 
E S 227.02 Experiment loading 
E S 136 Facility handling 
E S I36 Facility handling 
R I Ventilation Interference on gasmonitor 
E S I36 Facility handling 
E S 215 Experiment handling 
E S 215 Experiment handling 
E E 240 Cooling air disturbance 
E S 227.02 Experiment unloading 
R M Core Small particle on core pos. B7 
E M 167-19 Experiment leakage 

E I BWFC A Interference spike 
E I BWFC A Interference spike 
E I BWFC A Interference spike 
E S 136 Facility handling 
E S 227.02 Experiment loading 
E S 136 Facility handling 
E S 136 Facility handling 
E S 136 Facility handling 
E S 136 Facility handling 
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E S I36 Facility handling 
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E I 167-19.1 Missing thermocouple readings 
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E S 136 Facility handling 
R H Interlock Temperature deviation during 

heat exchanger backflushing 
E S 206-23 Experiment handling 
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DISTURBANCE CODE 

LEADING TO 
automatic shut-down AS 
manual shut-down MS 
automatic power decrease AP 
manual power decrease MP 
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reactor R 

- experiment E 
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3. CAUSE 
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- requirements R 
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HFR OPERATION, 
MAINTENANCE, 
DEVELOPMENT 
AND SUPPORT 

2.1. OPERATION 

Table 1 
Reactor operation characteristics 
during 1990 

< Table 2 
Full power interruptions 

2.1.1. Operation Survey 
In 1990 the regular cycle pattern, from before 1988, has been maintained 
throughout the year with a scheduled number of 273 operation days. The 
HFR has been in operation during 262 days, following a normal cycle pat­
tern, which corresponds to an overall availablility of 72%. 
Nominal operation power has been 45 MW. Total energy production has 
been approximately 11900 MWD., corresponding to a fuel consumption of 
approxumately 14.5 kg U-235. 

2.1.2. Operational Characteristics 
The main operating characteristics for 1990 are given in table 1 . 
An example of a core loading and a typical power pattern and control rod 
position for a reactor cycle is shown in fig. 1. Detailed information on the 
various irradiation experiments is given in chapter 3. 

HFR 
cycle 

89.11 
90.01 
90.02 

Beginning 
of cycle 

09-01-90 
06-02-90 

Maintenance 
period 
90.03 
90.04 
90.05 
90.06 

06-03-90 
29-03-90 
25-04-90 
22-05-90 
19-06-90 

Maintenance 
period 
90.07 
90.08 
90.09 
90.10 
90.11 

18-07-90 
25-08-90 
19-09-90 
16-10-90 
13-11-90 
11-12-90 

End of 
cycle 

08-01-90 
05-02-90 
05-03-90 

28-03-90 
19-04-90 
21-05-90 
18-06-90 
17-07-90 

24-08-90 
18-09-90 
15-10-90 
12-11-90 
10-12-90 

Time at 
power 
h.min. 

183.32 
598.28 
612.43 

506.55 
578.37 
607.39 
571.33 

518.57 
546.10 
569.18 
553.44 
435.14 

Energy 
production 
MWd 

344.68 
1123.18 
1151.72 

1018.57 
1088.42 
1143.88 
1078.38 

985.98 
1026.90 
1071.69 
1041.40 
817.87 

Unscheduled 
operation 
interruptions 

. 
-
-

-
1 
1 
5 

2 
1 
-
1 
-

2.1.3. Operational Disturbances 
Deviations from nominal power level occurred 53 times during 1990. 37 of 
these were scheduled, mostly for handling oradjustment of irradiation faci­
lities. The remaining 16 were related to technical failures, human interac­
tions or experiment related events. Five of these deviations were automatic 
power decreases, the remaining eleven were unscheduled shutdowns. De­
tailed characteristics of all power disturbances are given in table 2. 

2.2. FUEL CYCLE 
2.2.1. Fuel Supply 
The USA authorities granted an export licence for 38 kg of HEU which was 
delivered in October 1990. This supply, together with existing stock will as­
sure HFR operation until autumn 1992. 



Fig.1 
HFR cycle 90.09. Experiment loading, 
reactor power pattern and control rod 
movement. Experiment codes used are 
explained in table 3. 
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2.2.2. Fuel Management 
During 1990 new fuel elements and new control rods were delivered on 
schedule by the manufacturer. 
Transfer of depleted fuel elements to the reprocessing facility at Savannah 
River (USA) has been delayed. Fortemporary accommodation of spentfuel 
additional storage racks have been installed in the pool of the HFR. 

2.2.3. Testing of LEU Fuel Elements 
In-core testing of three test elements has been completed at the end of 
1990 at an average burn-up of about 70%. The testing programme compri­
sed neutron flux measurements, cooling gap thickness measurements and 
reactivity measurements. 
The fourth element, which was damaged during handling after a burn-up 
of 20%, has been in storage until now. Post irradiation examination of one 
element will be performed in the Hot Cell Laboratories of ECN. The status 
of the irradiated test elements has been reported at the RERTR meeting, 
held in Newport, Rhode Island (USA), September 1990. 

2.3. SAFETY AND 2*3"1- F i r e A u d i t 

QUALITY MANAGEMENT ' n ^ u n e ^e ' - ) u t c n Licensing Authority (KFD), reinforced by national, provin­
cial and communal fire prevention and fire fighting experts, carried out an 
extensive audit on all fire prevention and fire fighting measures in the HFR 
complex. The report of their findings has not yet been received. 

2.3.2. Renewal of Technical Safety Documentation 
In the context of a future renewal of the HFR Operating Licence, some tech­
nical safety documents, such as the Technical Description, the Safety and 
Accident Analysis and the Technical Safety Specifications were updated. 
The first document is operational whereas internal review of the othertwo 
draft documents is in full progress. 
On the basis of these technical documents the new public Facility Descrip­
tion and Safety Report should be completed. 

2.3.3. Quality Assurance 
A number of existing procedures has been adapted and reissued. A proce­
dure has been issued forthe judgement of the quality of suppliers and con­
tractors. 
The Work and Action Plan, resulting from the 1988 audit of the Dutch Li­
censing Authority (KFD) was updated. 
The quality system, as implemented for the HFR operation, will be impro­
ved by internal auditing. This internal auditwill be carried out by means of 
checklists based on the "Hoofdregel Kwaliteitsborging" and the relevant 
Safety Guides and Safety Standards. The checklists will be generated by 
specially developed software for personal computers and are in accor­
dance with those to be used by the Dutch Licensing Authority (KFD). 

2.3.4. Personnel Exposure 
A survey of the registered annual doses of HFR operating personnel is 
given in fig. 2. 
Notwithstanding the strict application of the ALARA-principle in HFR wor-

. king practices, a small raise in radiation exposure was encountered. 
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This was mainly due to the strong rise in number of isotope irradiations and 
associated handling operations. 

Fig. 2 
Dose-equivalent HFR-operators 

uvs//A mean dose 

2.4. TECHNICAL 
MAINTENANCE 

E 

1975 1977 1979 1981 1983 
year 

1985 1987 1989 

Inspections, overhaul, repair and replacement of the technical systems and 
components have been carried out during the planned maintenance pe­
riods of the HFR operating programme for 1990: two extended shutdown 
periods in March and August. Some special items are described below. 

2.4.1. Mechanical Installations 
- Annual cleaning of the secondary system inlet section has been carried 

out. 
Leaking pipe connections were repaired by installation of internally ap­
plied cuffs, introduced for the first time. 
These cuffs proved to be very efficient both in the time necessary for ap­
plication and in their effect. 

- The secondary system inlet filter automatic cleaning system was comple­
tely overhauled and replaced. 

- Design work for a complete renovation of the ion-exchanger drain tanks 
has been ordered at an external firm. 

- Technical specification for replacement of the secondary system inlet val­
ves are being drawn up. 

2.4.2. Instrumentation Systems and Informatics 
- An improved neutron beam detection system was introduced atthe-HFR 

beamtubes for operational safety surveillance. 
- The bypass plugs for the nuclear start-up and period nuclear channels 

were replaced by key operated bypass switches on request of the Dutch 
Nuclear Inspectorate. 
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- Two "front-end" systems with attached drawing tablets for use by the 
HFR drawing offices were installed and connected to the JRC drawing 
system computer. 

- Replacement of monitoring equipment of the HFR stack effluents is pro­
gressing. 

- Development of an automatic gas mixing system for HFR experiment 
temperature control has been started following a more straightforward 
alternative. 

- The original cladding rupture monitor has been replaced by a more mo­
dern system operating in a 2/3 mode thus reducing the risk of spurious 
scrams. 

- To guarantee undisturbed experiment data collection spare parts were 
ordered for the dataloggers. 

2.4.3. Electrical Installations 
- The HFR has been connected to the completely renewed and redesig­

ned Petten site emergency electrical power supply. 
This station consists of three 450 kVA dieselgenerators in a threefold re­
dundant configuration with respect to the HFR needs. 
The temporary stand alone dieselgenerators for HFR back-up, used du­
ring the renovation has been dismantled. 
Formal Nuclear Inspectorate approval has been obtained. 

- Design, manufacturing and pre-operational testing of a new leaktight ca­
ble-penetrations sytem forthe HFR containment building has been taken 
up. 

- Complete renewal of power distribution and control units for the power 
manipulator and further equipment of the HFR dismantling cell is pro­
gressing. 

2.4.4. Buildings and Site 
- Renovation of the secondary pump building has been ordered. The ac­

tual work has been delayed due to weather conditions and is now expec­
ted to start early in 1991. 

- The HFR office building has been provided with cabling for a local area 
network, which is also connected to both JRC and ECN site networks. 
Software proyisions are present to avoid any undesired exchange of in­
formation and data. 

- The yearly leakage rate test of the HFR containment building at an over­
pressure of 0.2 bar was carried out during the March maintenance pe­
riod. 
The result, reported to the Nuclear Inspectorate (0.027%/day), was well 
within the prescribed limit (0.1%/day). 

2.5. TECHNICAL AND 
EXPERIMENTAL SUPPORT 

Reactor Vessel Material Surveillance (SURP-project) 

In order to study the irradiation induced changes in the material of the HFR 
reactor vessel various aluminium samples are being irradiated in the reac­
tor core and in the pool side facility. These irradiations have been conti­
nued throughout 1990. 
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2.6. UPGRADING AND 
MODIFICATION PROJECTS 

2.6.1 . Replacement of Beryllium Elements 

Objective: 
Replacement of the original elements became necessary due to a combi­
nation of irradiation induced embrittlement and handling damage during 
nearly 30 years of use. 

Progress: 
All core and reflector positions with beryllium elements are now provided 
with the new type elements. Replacement took place following normal 
handling procedures for core elements and did not lead to any increased 
radiation dose for the personnel involved. The change in reactivity was less 
then 200 pcm. 
Formal approval of the Dutch Nuclear Inspectorate was obtained. The pro­
ject is foreseen to end with a concluding report describing experience gai­
ned with the original elements with respect to handling operations, da­
mage caused by handling and the operational effects due to ingrowth of 
neutron absorbing isotopes. 

2.6.2. Improvement of Gridbar Locking System 

Objective: 
Avoidance of further technical problems with the existing locking devices 
and improvement of operational ease. 

Progress: 
The newly designed locking devices have been manufactured. Assessment 
of the new system has taken place with a positive result and the Nuclear In­
spectorate has been fully informed. 
Mounting of the new locking devices on the existing gridbar bodies is now 
foreseen to be carried out during the in-service inspection operations of 
the vessel in 1991. The new locking devices use again the approved system 
of alignment and positioning described in the vessel safety report. 

2.6.3. Renewal of HFR Main Power Distribution Cabinet 

Objective: 
Rearrangements of the electrical power installations at the HFR have ne­
cessitated adaptation of the main cabinet. Furthermore spare parts of the 
existing cabinet are unavailable, endangering future reliability. 

Progress: 
Preparations have started for the replacement, aiming at concentration of 
functions up to now served by separate subunits. 

2.6.4. Renewal of Chlorine Injection System of the Secondary Cooling 
System 

Objective: 
To avoid algae growth in the piping and heat exchanger sytem of the HFR, 
chlorine is injected. On request of Dutch Labour Inspection authorities the 
use and storage of chlorine is to be avoided, so alternatives have to be in­
vestigated. 
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Fig. 3 
View into the reactor pool 

Progress: 
A market research was carried out for alternative chemicals together with 
economical effects relative to a necessary upgrading of the existing instal­
lation to improve safety. 
The use of sodium-hypochlorite was found to be more advantageous and 
to improve environmental safety at the same time. 
Technical specifications are being drawn up. Installation of this system is 
preferably to be combined with the earlier mentioned secondary building 
renovation. 

2.6.5. HFR Control Room Upgrading 

Objective: 
Reconfiguration and upgrading of HFR control room functions and equip­
ment in orderto replace outdated equipment and to introduce modern er­
gonomie principles in the fields of display of and access to reactor and ex­
periment data. 

Progress: 
Progress is limited to a further study into requirements, budgetary conse­
quences and timing, by a specialised firm. 
During installation reactor operation has to proceed with as little delay as 
practically possible. Preliminary reports are now available for site discus­
sions and fund raising procedures. 

2.6.6. Introduction of a Second Reactor Power Protection System 

Objective: 
To provide redundancy and diversification for the present power protec­
tion system. 

Progress: 
After a thorough testing period and with consent of the Dutch Nuclear In­
spectorate this extra power protection system is now in full operation. 
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2.6.7. Replacement of the Experiment Data Acquisition Computer 

Objective: 
Increasing demands by experimenters at the HFR necessitated upgrading 
of the computer system with respect to scanning speed, storage capaci­
ties, graphic display etc. 

Progress: 
Delivery of a modern computer system with the same operating system 
and extended storage capabilities (2,5 Gbytes) is expected for the begin­
ning of 1991. The computer can be coupled to the available network sys­
tems and has full tape back-up possibilities. 

2.7. NUCLEAR SUPPORT 
2.7.1 . Nuclear Heating Measurements (TRAMP-project) 
The design of a Tramp-capsule, fitting in a 72 mm Øfil 1er element was com­
pleted. 

2.7.2. Safety Related Calculations 
The effects of loading errors of fuel elements and/or experiments on the 
thermo-hydrolic safety of the HFR were calculated in the framework of the 
future new Design and Safety Report in two technical reports: 
NFA-HFR-TR-90-02 and NFA-HFR-TR-90-03. 
The nuclear constants of the new beryllium elements were calculated for 
use in the Reactor Physics Code HFR-TEDDI. 
The results are reported in technical report NFA-HFR-TR-90-01. 

2.7.3. Pool Side Facility Neutron Flux Spectrum 
The neutron flux spectrum was calculated for the western pool side facility 
at various distances from the PSF wall. The results are reported in technical 
report NFA-HFR-90-08. 



15 3. HFR UTILIZATION 

In 1990 the average utilization rate of the HFR was 7 1 % of the practical oc­
cupation limit. Breakdown of the utilization pattern in terms of the different 
programme sectors is shown in figs. 26 and 27. 
A list of irradiation projects is given in table 3. 
Results are discussed below for each of the programme sectors. 

3.1. UG HT WATER REACTOR 
(LWR). FUEL AND STRUCTURAL 
MATERIAL IRRADIATIONS 

Although the technology of light water reactors can be regarded as rather 
mature, there is still sufficient incentive for research reactor programmes 
with regard to the optimization of fuel cycle cost (testing of advanced fuel 
concepts and new materials), as well as with regard to plant life extension 
(ageing processes influenced by radiation, for instance pressure vessel 
steel embrittlement and irradiation enhanced stress corrosion cracking). 
For more than 20 years the HFR has provided contributions to R&D on light 
water reactor fuel with emphasis on non-stationary operating conditions 
(start-up, operational and over-power transients and power cycling). PWR 
as well as BWR fuel rods have been tested using U0 2 as well as mixed oxide 
fuel (U, Pu) O2. Apartfrom smaller programmes in the past, structural mate­
rials related projects have been taken up only recently with more substan­
tial effort. 

a) Fuel Rod Irradiation 

Objectives: 
Recent projects in the LWR fuel sector address fuel rod behaviour at high 
burnup mainly. However, also performance testing of new fuel rod con­
cepts with respect to better waterside corrosion resistance, improved eco­
nomics (e.g. utilization of MOX) and fine tuning of its characteristics are 
pursued. 
Another objective is the investigation of the release and behaviour of fis­
sion products after a hypothetical LOCA scenario. In this field a major con­
tribution to the iodine release, its solution and degassing after a LOCA was 
made through HFR experiments performed at the early 1980's together 
with the KFA Jülich hot cells I Al. This programme is now being continued 
with a newly developed irradiation device allowing in-pile LOCA testing of 
pre-irradiated fuel rods. 

The 1990 LWR fuel rod irradiation programmes at the HFR addressed follo­
wing objectives: 
- study of the transient fission gas release, 
- investigation of the irradiation behaviour of PHWR fuel and 
- study of the iodine release under simulated in-pile LOCA conditions. 

Progress: 
D125, D176, D178, D201: Power ramp tests of pre-irradiated LWR fuel rods 

For the investigation of transient fission gas behaviour in-pile measure­
ment of the fuel rod pressure is employed. A newly, byJRC Petten, develo­
ped technique, providing a re-instrumentation capability for irradiated fuel 
rods IAl and being performed at the Petten hot cells, was twice successfully 
applied. First on a fresh BWR fuel rod under simulated hot cell conditions 
and secondly on a pre-irradiated BWR fuel rod. 



LIST OF ACTUAL PROJECTS Situation: 1st August 1990 

Exper. 

Code 

Ool 
$$9,011 
012,013 
070 
085 
090 
095 
107 
117 
121 
125 
128 
130 
136 
138 
139 
144 
150 
156 
157 
161 
167 
169 
176 
178 
183 
184 
188 
189 
192 
195 
197 
198 
201 
202 
203 
206 
209 
210 
211 
212 
214 
215 
217 
220 
224 
226 
227 
231 
233 
235 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
252 
253 
254 

1)=Shor 

BEST 
BNCT 
BRAIN 
BUFC 
CERAM 
CI EKAT 
COBI 
CORRI 
CRISP 
DI SCREE 
EXOTIC 
FASY 
FIT 
FRUST 
GIF 
GIRAF 
GRIPS 
HEISA 
HF-PIF 
HIFI 
HIP 
ILOWCA 
IRMA 
ISOLDE 

Fill. 

element 

--
- - ' ■ 

--
--

72/74/76 
72 
--
--
--
--
--
--
--
74 
74 
72 
72 
--
72 
72 
72 
72 
--
--
--
--
--
--
72 
72 
--
--

74/76 
-- -
--
72 
--
--
--
72 
74 
72 
72 
--
--
74 
--
72 
--
--
--
--
--
--
--
72 
--
72 
--
72 
--
--
--
--
--
--

Irrad. 

posi t. 

P 
HB1,3 
HB4.5 
LFF 
C 
C 

NB 10 
HB 9 
P/C 
P 
P 
P 

HB 11 
C 
C 
C 
A 

(P) 
C 
C 
C 
C 

KB 8 
P 
P 
P 
P 
P 

C/P 
C 
P 
A 
C 
P 
P 
A 
P 
-
-
C 
C 
C 
P 
c 
p 
c 
p 

C/P 
FE 
LFF 
P 
P 

3(5)xP 
P 
-
C 
-
C 
-
c 

HB7/11 
HB 3 
c 
c 
-
P 

Description 

HF-PIF 
Triple axis spectrometer 
Neutron diffraction 
PROF 
Intermed. + high temp, graph. 
RIF 
FASY 
Single crystal diffraction 
Reactor noise studies 
Development LUR irrad. dev. 
Power ramp experiments 
Fuel stack displacement 
Mirror system 
FIT 
BEST 
SINAS 
HIFI 
Neutrographie kamera 
DISCREET 
CRISP 
TRAMP 
TRIESTE 
ILONCA 
Power ramp experiments 
Power ramp experiments 
KAKADU 
POTOH 
BUFC without fuel 
SURP 
OPOST 
Power ramp BUR-Fuel 
COBI 
FRUST 
Power PUR-Fuet 
SUPRA 
CORRI 
ISOLDE 
GIF 
PR 
HI LOC 
EXOTIC 
"GA - rods" 
RELIEF 
CERAM 
SIP 
LIBRETTO 
POMPEI 
MOKA 
SIMONE 
SIDO 
TRAGA 
ROSI 
IRMA 
GRIPS 
CIEMAT 
LIMO 
HEISA 
NEMESIS 
JETI 
SiC-baU 
BNCT 
SANS 
SIRENA 
BRAIN 
GIRAF 
HIP 

t irr.; A=in core without ext. tube; C=in core 

* Brem-Element SegmenT 
« Boron Neutron Capture Therapy 
« BRAzings Irradiation 
«= Boiling water Fuel Capsule 
• net CERAMICS 
= Clemat Elements MAnipulations for Transport 
* COBalt Isotope production 
• CObalt Reflecto« Irradiation 
* CReep In Steel specimen 

T' Disposable CREEp In Trio 
■ Extraction Of Tritium In Ceramics 
• FAst rabbit SYstea 
* Fissile Isotope Target 
« Fusions Reaktor; Untersuchung an STahl 
* Canna Irradiation Facility 
= Gamma IRrAdiation Facility 
= GRaphite Irradiation in PSf 
= KEated and Instrumented SAlt irradiation 
* High Flux Poolside Isotope Facility 
• High Flux facility for Isotopes 
■ Herlaadbare IsotoPen faciliteit 
« Installation of a Long Object Keutron CAmera 
• IRradiation of MinerAls 
« Iodine SOLubility and Degasing Experiment 

I ns t. 

JRC 
ECN 
ECN 
JRC 
JRC 
JRC 
ECN 
ECN 
ECN 
JRC 
JRC 
JRC 
ECN 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
ECN 
JRC 
JRC 
JRC 
ECN 
ECN 
JRC 
JRC 
JRC 
JRC 
JRC 
JRC 
ECN 
JRC 
JRC 
JRC 
JRC 
ECN 
JRC 
JRC 
ECN 
JRC 

"rr.; 

138 
248 
252 
125 
217 
242 
197 
203 
157 
156 
212 
095 
136 
198 
209 
253 
241 
244 
008 
144 
254 
169 
240 
206 

Person 

in charge 

Konrad 
van Dijk 
van Dijk 
Tartaglia 
Tartaglia 
Konrad 
Nolten 
van Dijk 
Turkcan 
Harkgraf 
Harkgraf 
Harkgraf 
Abrahams 
Konrad 
Conrad 
Tsotridis 
Konrad 
Markgraf 
Sordon 
Sordon 
Jehenson 
Sordon 
Harkgraf 
Harkgraf 
Harkgraf 
Hos s 
Hoss 
Harkgraf 
Zurita 
Hoss 
Harkgraf 
Konrad 
Tartaglia 
Harkgraf 
Tartaglia 
Konrad 
Harkgraf 
Tartaglia 
Konrad 
Hoss 
Conrad 
Conrad 
Hoss 
Tsotridis 
J.F.J. Visser 
Conrad 
Hoss 
Harkgraf 
Pruimboom 
J.F.J. Visser 
Hoss 
Harkgraf 
Sordon 
Tartaglia 
Jehenson 
Konrad 
Holten 
Tartaglia 
Tartaglia 
Conrad 
Hoss 
van Dijk 
Tartaglia 
Tartaglia 
Nolten 
Konrad 

Irradiation 

90 

X 
X 
X 
X 
X 
X 
X 
X 
1) 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

91 

X 
X 
X 
X 
X 
X 
X 
X 
1) 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
X 
X 

92 

X 
X 
X 
X 
X 
X 
X 
X 
1) 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 

X 
X 

X 
X 

X 

X 
X 
X 
X 
X 
X 

ECN proj.nr/ 
JRC account 

number 

--
3260 
3260 
--

7307 AAP2 
--
--

3260 
1417 
--

7307 APP2 
7307 BAP2 

20261 
7307 93P2 
7307 BIP2 
7307 IAP2 
7307 93P2 

--
7307 BQP2 
7303 14P2 

--
7303 13P2 

--
--
--

7307 FAP2 
7307 FJP2 

--
--

7307 FGP2 
--
--

7303 15P2 
--

7307 FQP2 
--

7307 CAP2 
--
--

7303 46P2 
7307 ISP2 
7307 CGP2 
7307 GAP2 
7307 FUP2 

--
7303 12P2 
7303 46P2 
7307 GGP2 

0357 
--
--
--
--

7307 CPP2 
7307 LBP0 
7307 93P2 

2252 
--
--
--
--
--
--
--

1114 
--

Remarks 

Operator Holten ECN 

Operator Holten ECN 
more nrs. 

Operator Nolten ECN 

more nrs. 
more nrs. 

more nrs. 
more nrs. 

Operat. Leeflang ECN 
more nrs. 

Operator Nolten ECN 

Operat. Leeflang ECN 
(see also 125) 
(see also 125) 

Operator Nolten ECN 
more nrs. 

(see also 125) 
Operator Nolten ECN 

more nrs. 
Operator Nolten ECN 

more nrs. 
Operator Nolten ECN 
Operator Nolten ECN 

more nrs. 

more nrs. 

more nrs. 

MTR fuel handling 

in 209 

Operator Nolten ECN 

FE*fuel el.; KB=beam tube; LFF=Low Flux Fac; P=Poolside irr. 

JETI = Joint European Torus Irradiation 
KAKADU * KAmin KApsel-DUo 
LIBRETTO« Liquid BReeder Exp. w. Tritium Transp. Opt. 
LIMO = Lamella Irradiation of Molybdenum 
MOKA « Misch Oxyd-brennstábe 
NEMESIS •= MEt HEtalS Irradiations 
HI LOC * Nitride fueL irradiation in (O) Cd screen 
OPOST * Over POwer STeady state experiment 
POMPEI « Pellets Oxyde Mixte, PEtten Irradiation 
POTOH ■ POwer TO Melt experiment 
PR « Pneumatic Rabbit in reactor facility 
PROF • Poolside Rotating Facility 
RIF • Reloadable Isotope Facility 
ROSI = Rotative Silicium Irradiation facility 
SANS * Small Angle Neutron Scattering 
SIDO = Silicon Duping 
SINAS • Simplified KASt (NAtrium ŞŢeel irradiation) 
SIP * silicium Investigation Philips 
SIRENA « Stainless steel IRradiation for EHeA 
SUPRA « irradiation of SUPRA-conducting materials 
SURP ■ SURve III ance Programm 
TRAGA « TRAnsient GAp conductance measurement 
TRAMP « TRAvelling Measuring Probe 
TRIESTE • TRio Irr. Exp. of Steel sampl. und. TEnsion 

246 
183 
224 
243 
227 
245 
211 
192 
226 
184 
210 
070 
090 
239 
249 
233 
139 
220 
250 
202 
189 
235 
161 
167 
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Irradiation of both tests were started during 1990. The fresh BWR fuel rod 
was only irradiated for a short time in orderto check the performance of the 
new technique. The pre-irradiated fuel rod was at the begin of the irradia­
tion period ramptested and than continued in irradiation for burnup accu­
mulation of additional 15 GWd/t(U). The in pile pressure behaviour has 
been monitored during the all test periods. 

D128: ln-pile measurements in LWR fuel 

Three D128 experiments have been irradiated at the HFR in the period 
1983 to 1989. Every BWR test fuel rod was instrumented with in-pile moni­
toring of the central fuel rod temperature and fuel rod pressure. 
The tests addressed following topics: 
(1) investigation of transient fission gas release and fuel restructuring, and 
(2) investigation of fuel restructuring at constant temperature level. 

The D128 test series has been terminated during the reference period with 
the completion of the PIE on the last D128 fuel rod at the Petten hot cells 
and shipment of two of the three fuel rods to KFA Jülich for the destructive 
PIE. 

D227: Irradiation testing of PHWR MOX fuel rods 

Two irradiation experiments, each using two short fresh MOX PHWR fuel 
rods, are being performed at the HFR in order to study the fuel rod power 
ramping behaviour at approx. 15 GWd/t(M) [e.g. end-of-live (EOL) condi­
tions]. 

The first test, a simulated EOL test, has been completed in 1986 in the HFR 
and been sent to the clients hot cells for further PIE. 

The second test consisting of a burn-up accumulation phase to 15 GWd/ 
T(M) and a transient test with one fuel rodlet, was continued in irradiation 
in the HFR core for further burn-up accumulation. At the end of the refe­
rence period a burn-up of approx. 8 GWd/t(M) was obtained. A transfer of 
the experiment from the HFR core to the PSF is scheduled for the the se­
cond burn-up accumulation period. The related hardware for this transfer 
was been prepared during the reference period. 

D206: Iodine Solubility and Degassing Experiment (ISOLDE) with pre irra­
diated PWR fuel rods 

< Table 3 
List of actual irradiation projects 

The test programme addresses the determination of the rate of iodine re­
lease from PWR fuel rods and its solution in steam and water for a LOCA 
scenario. 
Two of the anticipated five in-pile tests with pre-irradiated PWR fuel rods 
have been successfully performed during 1990. Each test consists of a con­
ditioning period at typical PWR fuel rod power and conditions in orderto 
obtain a typical inventory of shortlived isotopes. The fuel rod is then trans­
ferred into the ISOLDE irradiation device. The in-pile section of the ISOLDE 
capsule is shown in fig. 4. This device provides typical PWR system condi­
tions at low power level and after initiation of the LOCA phase typical 
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jf .A 

Fig. 4 
In-pile section of the ISOLDE irradiation 
device 

LOCA conditions. Fig. 5 shows the fuel rod temperature and system pres 
sure versus time for the first ISOLDE test. 
In both tests the anticipated fuel rod failure occured. As planned, stean 
and water samples were collected and made available for PIE at the Pettei 
and Jülich hot cells. The irradiation devices including the fuel rods wen 
transported to the Jülich hot cells for PIE. In view of the short halflife timi 
of 1-131 all transports were performed shortly afterthe HFR test. Priorto thi 
transports the fuel rod condition was investigated by neutron radiography 

b) Structural Materials Irradiation Testing 

Objectives: 
The extension of the operational life time of water reactors requires investi 
gations on the corrosion and mechanical behaviour of the strutural mate 
rials in the core region and of the pressure vessel. For structural material 
irradiation testing feasibility studies to the following objectives were pur 
sued: 
- feasibilty study on corrosion testing of Zr-based alloys in the reacto 

coolant (in both, light and heavy water) and 
- conceptional studies on irradiation testing of large CT specimen madi 

from BWR vessel material. 

Fig. 5 
Temperature and pressure histogram 
of the first ISOLDE test 
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Progress: 
Feasibilty study on corrosion testing of Zr-based alloys in the reactor cool­
ant (in both, light and heavy water): 
A design study for a miniature high pressure loop for irradiation of a sample 
stack of corrosion samples in a TRIO-type irradiation device was performed 
and yielded feasibilty for application of both coolant media, light water and 
heavy water. The irradiation device is reloadable and provides interme­
diate inspection capabilities of the irradiated samples. 

Conceptional studies on irradiation testing of large CT specimen made 
from BWR vessel material. 
The basic lay-out for a new test facility at a HFR beam tube has been elabo­
rated and will be subject to a more extensive feasibility study during the 
next reference period. The main task of this study is to prove that the HFR 
is suitable to provide typical BWR gamma- and neutron spectra of commer­
cial BWR's at the inside of their pressure vessel. 
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3.2. FAST BREEDER REACTOR 
(FBR). FUEL AND STRUCTURAL 
MATERIAL IRRADIATIONS 

During the late 70s and early 80s, several international R&D programmes 
were being pursued, each with their own goal of qualifying various FBR 
fuels and materials under normal and off-normal conditions. 
The HFR played an important role in performing many experiments for the 
German and Dutch programmes. From the mid-80s and onwards, it be­
came apparent that significant measures had to be taken to achieve speci­
fic goals including acceptable safety features, within acceptable economic 
constraints. Consequently, in 1984, a five-nation collaboration to develop 
a demonstration European Fast Breeder Reactor (EFR) was made. The rai­
son d'être for the FBR remains the same in that at least 60 times more 
energy can be produced from a given quantity of uranium in an FBR than in 
a thermal reactor, being equivalent therefore to twice as large as the known 
world coal resources and 15 times largerthan the known oil resources. The 
objectives of the EFR are: capital and generating costs should be compara­
ble with competing PWR's; availability and reliability should be similar 
comparable; construction should be assured within a defined time-scale; 
and there should be a minimum extrapolation to a commercial plant. 
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All existing and future FBR experimental programmes at the HFR, now fall 
within the design aims of the EFR. The objectives remain essentially the 
same. 

a) Fuel Irradiations 

Objective: 
Fast reactor fuel experiments carried out in the HFR Petten currently fall 
into two categories. 

- Transient Tests 
The investigation of fast reactor fuel pin behaviour under transient reactor 
conditions: features investigated include start-up behaviour, power cycling 
and ramping, fuel melting, transient overpower (TOP) and simulated loss-
of-flow (LOF) behaviour. Running experiments and new experiments are 
being performed with a view to utilizing the information forthe design aims 
of the European Fast Reactor (EFR). 

- Advanced Fuel Irradiations 
These concern investigations into the operational behaviour of dense 
(nitride) fast breeder fuels and more fundamental research on fission pro­
duct kinetics in UO2 fuel. This group of experiments is part of the JRC 
Specific Programme on Nuclear Fuels and Actinide Research. 

A review of the FBR experiments and their facilities are presented in refs /1 / 
and 121, and more recently in ref/3/. 

Progress: 
Transient Tests 

During the reporting period four transient experiments were irradiated 
over a total of 20 reactor cycles, including 3 specific, short transient tests. 

D183 KAKADU 

The aim of the KAKADU series of experiments is to demonstrate the beha­
viour of full size pins (KNK-II) under simulated power ramping up to me­
dium burn-up. 
The last KAKADU experiment 27/28 also referred to as OPEQU i.e. Over-
Power EQUIibrium completed its scheduled irradiation at the end of 1989. 
The two fuel pins were transferred to the ECN hot cells, where in March 
gamma scans were performed. The pins await transport to KfK. 

D183 SUPERKAKADU 

Preparations are underway forthe construction of 4 new capsules forthe ir­
radiation of 4 pre-irradiated fuel pins. During the year, 3 pins irradiated in 
the PHENIX reactor in France, were transported to Petten. The planned ir­
radiation scheme is currently under discussion. 

D183 HYPERKAKADU 

A new KAKADU series of experiments consisting of extra long pins (>2m), 



21 

have necessitated a re-design of the special a-tight EUROS cell, ref./4/. 
A recent technical investigation, see ref./5/, showed that it is possible to 
execute the loading and sodium filling of these longer fuel capsules in a 
modified EUROS cell without too much rebuilding and expenditure. 
During the latter half of 1990, the EUROS cell was used again for the first 
time in 3 years. Three capsules, for the SUPERKAKADU series were loaded. 
It is currently under discussion whether pre-irradiated fuel pins, originating 
from the PFR Dounreay, will also be utilized. 

D184/D192 POTOM/OPOST 

The aim of the POTOM series of experiments isto determine the power at 
which melting of the fuel first occurs, as a function of material composition 
(Pu-content), fuel type (homogeneous/heterogeneous) and" duration of 
pre-conditioning. Following 5 POTOM experiments, reported in previous 
annual reports, the first OPOST experiment was started. 
The aim of this series of experiments is to demonstrate fuel behaviour and 
operability of partially melted fuel pins. 
Following a short 3.5 day irradiation of three fuel pins at 550 W/cm, i.e. just 
at the power-to-melt temperature as determined from the previous series 
of POTOM experiments, each fuel pin is separately irradiated in position 
G5 at 550 W/cm. Due to the horizontal flux gradient in this position, only 
one fuel pin per cycle is irradiated. The 3 fuel pins (27, 28 and 29) are irra­
diated for 1,2 and 3 cycles respectively. 
The first irradiation (27,1 cycle) was completed in November. The next 2 ir­
radiations will be completed in 1991. 

D215 RELIEF 

The experiment aims to study, by means of in-pile measurement, the diffe­
rential and absolute fuel and cladding axial displacements during operatio­
nal transients. At present two RELIEF experiments are in irradiation. At the 
end of 1990 RELIEF 12 had completed almost 20 cycles of irradiation at a 
steady power of 480 W/cm. The attained burn-up is approximately 6.0 
at.%. After attaining 5.0 at.% burn-up, the first planned transient was per­
formed. The planned and achieved conditions are shown in fig. 6. A se­
cond transient is planned for the beginning of 1991 (at 8.0 at.% burn-up). 
The fourth RELIEF experiment in the present series, RELIEF 13, began irra­
diation in February 1990. The experiment had attained 2.0 at.% burn-up at 
the end of 1990. A first transient will be performed in 1991 on achieving 5.0 
at.% burn-up. 

D235 TRAGA 

The development of the TRAGA experiment, which aims to determine by 
means of noise analysis, the change in the fuel cladding gap heat conduc­
tance during simulated transients, is still under consideration. 

Advanced Fuel Irradiations 

Mixed nitride (U,Pu)N is the reference fuel for a fast reactor cycle with a 
denser optimised fuel than the currently used mixed oxide. 
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Fig. 6 
A comparison of the achieved and required 
peak linear fissile power and peak cladding 
temperature changes during the first 
transient for experiment RELIEF 12 
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The JRC Karlsruhe programme "Opt imisat ion of Dense Fuels" aims at opt i ­

mising " pu re " mixed nitrides for high burn­up fast reactors. Part of this pro­

gram involves the irradiation testing of fuel in the HFR. 

E211NILOC 

The third and fourth NILOC experiments are now ready for irradiation. The 
experiment NILOC 3 will irradiate 3 mixed nitride fuel pins simultaneously. 
NILOC 4 will irradiate 2 nitride pins and 1 mixed oxide pin. The irradiations 
are planned for the second half of 1991. 

E226 POMPEI 

Due to a delay in the complex process for manufacturing the special pellets 
of mixed nitride fuel, the POMPEI experiment will not commence irradia­

t ion until the end of 1991. 

b) Structural Material Irradiations 

The bulk of these HFR experiments presently fall within the scope of fast 
reactor safety programmes. Irradiations in the HFR Petten are carried out to 
stringent specifications concerning specimen temperature information of 
material embri t t lement by helium formation and fast neutron displace­

ment. 

R 139­57 

Objective: 
This experiment is part of a fast reactor materials testing programme. The 
aim of the irradiation experiment is to study the crack propagat ion charac­

teristics in small CT­block systems of LMFBR materials, SS316 and 304. 
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Progress: 
The R139-57 experiment contains 2 specimen holders with 10 miniature 
CT-blocks and 8 tensile blocks. Irradiation of leg R139-571 terminated in 
cycle 90.03. A typical temperature distribution during a reactor cycle is 
shown in table 4. 

R 139-58-59 

Table 4 
R139-594. Typical statistical analysis of a 
temperature distribution in a reactor cycle 
(90.02) 

Objective: 
This new irradiation programme will provide sufficient specimens for conti­
nuous cycling and creep-fatigue post-irradiation testing. 
The irradiation and testing conditions will be as close as possible to the 
conditions of the EFR (European Fast Reactor) above-core structures. The 
objectives of this work are to provide data on creep fatigue properties of 
irradiated stainless steel type 316 L(N) forthe EFR design data-base, and to 
verify the creep-fatigue interaction models. 

Progress: 
The irradiation conditions of this experiment were 823 K at a very low dpa 

CYCLE NO: 90-02 "D A C O S S Y S T E M " 

ANALYSIS BY ENGINEERING UNITS FOR PERIOD FROM: 00:00:00 

EXPERIMENT NO. : R139-571 
NAME : SINAS 
START DATE : 09-02-89 
REACTOR LOCATION: D2 
GAS PANEL USED : TRIO-F 

8-FEB-90 TO 17:50:00 

425.00 NOMINAL DEGREES "C" 
SAMPLE 
STRESS MODE 
DATA LOGGER NUMBER 
RECORD INTERVAL 

DATE: 09:22:42 

5-MAR-90 

6-APR-90 

10 MINUTES 

CHAN 
NO. 

662 
661 
659 
658 
657 
656 
655 
654 
653 
652 
651 

MEASUR'G 
POINT 
NAME 

TC12 
TC11 
TC9 
TC8 
TC7 
TC6 
TC5 
TC4 
TC3 
TC2 
TCI 

ENG'RING 
UNIT 

Deg. 
Deg. 
Deg. 
Deg. 
Deg. 
Deg. 
Deg. 
Deg. 
Deg. 
Deg. 
Deg. 

C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

ANALYSIS OF MEASURING POINT (BY ENGINEERING UNITS) 

AVERAGE 

323.15 
319.45 
419.46 
424.22 
422.94 
417.77 
438.26 
425.26 
426.41 
413.46 
414.61 

MINIMUM 

287.54 
280.07 
341.87 
348.54 
347.61 
344.38 
359.94 
345.84 
347.39 
332.01 
333.26 

MAXIMUM 

332.15 
327.77 
427.22 
428.57 
426.85 
420.64 
441.22 
428.87 
429.96 
417.91 
419.33 

STANDARD 
DEVIATION 

3.619 
3.385 
3.395 
2.325 
2.289 
2.033 
2.113 
3.054 
3.153 
3.632 
3.673 

ERROR 

0.060 
0.056 
0.056 
0.038 
0.038 
0.034 
0.035 
0.050 
0.052 
0.060 
0.061 

TOTAL 
RECORD 

3708 
3708 
3708 
3708 
3708 
3708 
3708 
3708 
3708 
3708 
3708 

ANALYSIS OF DATA RECORDS 
REACTOR 
< 43.MW 

0.86 
0.86 
0.86 
0.86 
0.86 
0.86 
0.86 
0.86 
0.86 
0.86 
0.86 

NO 
DATA 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

< LOW 
LIMIT 

0.03 
0.03 
0.19 
0.11 
0.11 
0.13 
0.03 
0.13 
0.13 
1.29 
1.16 

(BY PERCENTAGE) 
> HIGH 
LIMIT 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

WITHIN 
LIMITS 

99.11 
99.11 
98.95 
99.03 
99.03 
99.00 
99.11 
99.00 
99.00 
97.84 
97.98 

RELATIVE POSITIONAL GRAPHIC REPRESENTATION OF ABOVE ENGINEERING UNITS. 

DEV. 
NAME 

TCI 2 
TC11 
TC9 
TC8 
TC7 
TC6 
TC5 
TC4 
TC3 
TC2 
TCI 

LOW 
-100% 

AVERAGE 
0% 

HIGH 
100% 

OPERATING 
LIMITS 

290. 340. 
290. 340. 
400. 450. 
400. 450. 
400. 450. 
400. 450. 
400. 450. 
400. 450. 
400. 450. 
400. 450. 
400. 450. 
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Fig. 7 
TRIO­131 containing fatigue and tensile 
specimens in a double containment 

(one reactor cycle in the H8 position) and the irradiation took place in a 
TRIO­131 with a double container. This was required in orderto obtain the 
temperature of 823 K at a peripherical reactor position. 
Two legs of the TRIO contained fatigue specimens and the third leg tensile­

creep specimens, shown in fig. 7. 

Irradiation of the 12 sample holders started in cycle 90.03 and finished in 
cycle 90.06. The performance of this experiment is shown in table 5. 

R139­416 

The experiment is a continuation of the 400­series using a REFAtype cap­

sule for the irradiation of large or half­size CT specimens at elevated tem­

peratures. Design and assembly of the experiment is finished and irradia­

tion started at cycle 90.02 for one cycle. 
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CYCLE NO: 9 0 - 0 6 ■ D A C O S S Y S T E M " DATE: 1 6 : 0 5 : 0 4 

ANALYSIS BY ENGINEERING UNITS TOR PERIOD ntOM; 0 3 : 0 0 : 0 0 2 1 - J U N - 9 0 TO 0 4 : 5 0 : 0 0 1 7 - J U L - 9 0 

EXPERIMENT » 0 . : R 1 3 9 - 5 9 4 
KAME : SINAS 
START DATE : 2 5 - 0 4 - 9 0 
REACTOR LOCATION: H8 
GAS PANEL USED : TRIO-C 

NOMINAL DEGREES "C" 
SAMPLE 
STRESS MODE 
DATA LOGGER NUMBER 
RECORD INTERVAL 10 MINUTES 

CHAN 
NO. 

144 
143 
1 4 2 
1 4 1 
1 4 0 
139 
13B 
137 
136 
1 3 5 
134 
133 
1 3 2 
1 3 1 
1 3 0 

MEASUR'O 
POINT 
NAME 

TC16 
TCI 5 
TCI 4 
TCI 3 
TCI 2 
TC11 
TC10 
TC9 
TCB 
TC7 
TC6 
TC5 
TC4 
TC3 
TC2 

ENG'RING 
UNIT 

D»g . 
D«g . 
D - g . 
D e g . 
D . g . 
D«g . 
O . g . 
D«g . 
D - q . 
D . q . 
D»g . 
D»g . 
Dag . 
D«g . 

r 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

ANALYSIS o r MEASURING POINT (BY ENGINEERING UNITS) 

AVERAGE 

5 1 6 . 2 2 
5 4 7 . 6 7 
5 5 0 . 5 9 
5 5 1 . B 0 
5 4 7 . 9 9 
5 5 1 . 5 5 
5 4 5 . 2 9 
5 5 0 . 8 6 
5 5 5 . 5 1 
5 4 3 . 8 5 
5 5 2 . 0 4 
5 5 2 . 1 1 
5 4 8 . 4 8 
5 4 8 . 0 7 
5 4 9 . 9 1 

MINIMUM 

2 9 8 . 5 6 
3 0 3 . 8 1 
3 0 5 . 8 1 
2 9 8 . 1 7 
2 9 3 . 4 3 
2 9 7 . 9 3 
2 9 1 . 1 9 
2 9 2 . 3 6 
2 9 7 . 5 1 
2 8 4 . 7 4 
2 8 7 . 0 1 
2 8 8 . 4 9 
2 8 0 . 4 9 
2 7 5 . 4 2 
2 7 7 . 7 9 

MAXIMUM 

5 4 B . 6 6 
5 7 0 . 9 9 
5 7 3 . 3 4 
5 7 5 . 7 5 
5 7 3 . 7 5 
5 7 6 . 6 3 
5 7 1 . 7 1 
5 7 6 . 8 6 
5 8 1 . 0 0 
5 6 9 . 9 1 
5 8 0 . 1 1 
5 8 0 . 1 1 
5 8 0 . 2 0 
5 8 2 . 2 3 
5 8 4 . 4 8 

STANDARD 
DEVIATION 

1 7 . 9 1 3 
2 0 . 1 7 2 
2 0 . 2 3 4 
2 1 . 5 8 2 
2 2 . 4 6 9 
2 2 . 3 7 2 
2 2 . 9 6 6 
2 3 . 7 2 2 
2 3 . 6 5 6 
2 4 . 1 9 4 
2 4 . 9 3 3 
2 4 . 8 5 4 
2 5 . 3 8 1 
2 5 . 8 3 6 
2 5 . 7 6 1 

ERROR 

0 . 3 0 6 
0 . 3 4 5 
0 . 3 4 6 
0 . 3 6 9 
0 . 3 8 4 
0 . 3 B 2 
0 . 3 9 2 
0 . 4 0 5 
0 . 4 0 4 
0 . 4 1 3 
0 . 4 2 6 
0 . 4 2 5 
0 . 4 3 4 
0 . 4 4 1 
0 . 4 4 0 

TOTAL 
RECORD 

3 7 5 6 
3756 
3756 
3756 
3 7 5 6 
3 7 5 6 
3756 
3756 
3756 
3756 
3756 
3 7 5 6 
3 7 5 6 
3756 
3756 

ANALYSIS OF DATA RECORDS 
REACTOR 
< 43.MW 

8 . 8 1 
8 
8 
8 
8 
S 
8 
8 
8 
8 
8 
8 
B 
B 
B 

81 
81 
81 
8 1 
Bl 
81 
81 
8 1 
81 
81 
Bl 
B l 
8 1 
81 

NO 
DATA 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 

< LOW 
LIMIT 

1 . 1 7 
1 . 9 4 
1 . 9 2 
1 . 9 2 
1 . 9 2 
1 . 8 9 
1 . 8 9 
1 . B 9 
1 . B 9 
1 . 9 4 
1 . 9 2 
1 . 9 2 
1 . 9 7 
2 . 0 0 
1 . 9 7 

(BY PERCENTAGE) 
> HIGH 
LIMIT 

0 . 0 0 
0 . 0 5 
0 . 0 8 
0 . 0 5 
0 . 0 5 
0 . 0 5 
0 . 0 5 
0 . 1 6 
0 . 5 3 
O.OO 
0 . 6 1 
0 . 6 1 
0 . 5 6 
0 . 5 9 
0 . 5 9 

WITHIN 
LIMITS 

9 0 . 0 2 
8 9 . 1 9 
8 9 . 1 9 
8 9 . 2 2 
8 9 . 2 2 
8 9 . 2 4 
8 9 . 2 4 
8 9 . 1 4 
B8.76 
B9.24 
BB.66 
8 8 . 6 6 
8B.66 
BB.60 
BB.63 

RELATIVE POSITIONAL GRAPHIC REPRESENTATION OF ABOVE ENGINEERING UNITS. 

Table 5 
R139­594. Typical statistical analysis of a 
temperature distribution in a reactor cycle 
(90.06) 

DEV. 
NAME 
TCI 6 
TC1S 
TC14 
TC13 
TC12 
TC11 
TC10 
TC9 
TC8 
TC7 
TC6 
TCS 
TC4 
TC3 
TC2 

OPERATING 
LIMITS 

4 5 0 . 5 5 0 . 
5 3 0 . 5 7 0 . 
5 3 0 . 5 7 0 . 
5 3 0 . 5 7 0 . 
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3.3. HIGH TEMPERATURE 
REACTOR (HTR). 
FUEL AND GRAPHITE 
IRRADIATIONS 

Because of its potential for high thermal efficiency and production of high 
temperature process heat the High Temperature Gas-Cooled Reactor con­
cept is still actively pursued in Germany and in several other countries, 
amongst them USA, USSR and Japan. In Germany research and develop­
ment forthe HTR is concentrated in "Forschungszentrum Jülich", whereas 
the industrial activities are concentrated within the HTR GmbH, a 
subsidiary of ABB and Siemens. Underthe terms oftheirjoint venture, ABB 
and Siemens pursue three types of HTR power plants for different market 
segments: 
- the HTR-500, the power plant for electrical utilities (550 MWe), 
- the HTR-Module, based on the established technology of the AVR reac-

torfor heat and powerfor industry and public supplies (200 MWth), 
- the GHR for decentralized district heating for homes and industry 

(10-20 MWth). 

In support of the German HTR programme, test irradiations are being per­
formed in the HFR Petten on materials which are typical forthe HTR /1,2/: 
- spherical fuel elements with low-enriched uranium (UO2) TRISO coated 

particles, and 
- graphite as a predominant core structural and fuel element matrix 

material. 

Irradiation testing of fuel elements and graphite materials forthe US-HTGR 
is as well being performed at the HFR Petten under the 'Umbrella Agree­
ment' between Germany and USA. 

a) Fuel Element Irradiations 

Spherical fuel elements for the German HTR Programme 

High Temperature Reactor (HTR) fuel testing is being performed at the HFR 
Petten on reference coated particle systems and production fuel elements 
for the German UO2 low-enriched uranium (LEU) fuel cycle. The fuel ele­
ments are the reference 60 mm diameter spheres with LEU-TRISO coated 
particles, as developed by NUKEM/HOBEG in the framework of the 'High 
Temperature Fuel Cycle'- Project HBK for all future HTR applications in 
Germany/3,4/. 
The irradiation testing of HTR reference fuel elements is performed in two 
phases. In Phase I, which is meanwhile completed, irradiation experiments 
were performed for different objectives such as particle failure, fission pro­
duct transport, fuel element integrity etc. at target and extreme operating 
conditions. Not a single coated particle became defective in the sense of 
irreversibly increased fission gas release. 
In phase II, 'near-to-production' fuel elements are being tested at the HFR 
Petten under conditions as close as reasonably achievable to different HTR 
power plant characteristics, including simulation of fuel reloading systems. 
The main objectives of the irradiation tests are the confirmation of low coa­
ted particle failure rates due to temperature, temperature transients /cyc­
ling, burnup and fast neutron fluence and the confirmation of low 'free 
heavy metal' (Uranium and Thorium) contamination of the fuel element ma­
trix material by natural impurities and/or by particle failure, affected by 
manufacture. 
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Legend: 

1 Design & calculation 
2 Manufacture and commissioning 
3 Irradiation 
4 Dismant l ings PIE 
5 Upgrading 

Tableó 
HTRfuel irradiation experiments. 
Survey of present and future activities 

YEAR 

1 . Fuel El 

D 138.05 

D 138.06 

D 138.07 

D 214.01 

2. Graphite 
spheres 

0 247.01 

3. Out-of-pï le 
f a c i l i t i e s 

t s : 

1990 1991 1992 1993 

Therefore, the irradiation capsules are operated with specially developed 
SWEEP-LOOPS for on-line measurements of the release of volatile fission 
products under a wide range (1010 < R/B <10"1), as well as for on-line gas 
chromatographical analysis of the downstream carrier gas. 
A survey of these activities at the HFR Petten is given in table 6/5/. 

D 138.05/06, Reference tests for the HTR-MODULE: 

Objectives: 
These reference tests shall confirm the design fission product release data 
set for 'near-to-production' fuel elements under conditions which simulate 
realistic power reactor operating and multiple-pass fuel loading conditions 
of the HTR-MODULE 111. The irradiation experiment D 138.05 is the first 
test in phase II on LEU TRISO reference HTR fuel element for the HTR-
Module. Project coordinator is KFA Jülich and HBK/HTA-Project. Intera-
tom GmBH is responsible for the test specifications. 

Progress: 
D 138.05 

The irradiation of the first reference test for the HTR-Module with three in­
dependently controlled capsules (BEST-rig design Ibi) started with cycle 
90.06 for a planned irradiation duration of 23 HFR cycles. 
The required irradiation conditions were achieved. On-line fission gas 
release measurements are performed daily. The initial fractional fission gas 
release of two capsules is in the range of 1010 to 10"9, which corresponds to 
the heavy metal contamination of the graphite matrix material. 
The fractional fission gas release of one capsule (C) is in the range of 10"7 to 
10"6. This higherfractional fission gas release indicates manufacture caused 
coated particle failure. The fractional fission gas release (R/B) and the fuel 
temperature history versus irradiation time is shown for the irradiation cy­
cles in 1990 (fig.8). Irradiation progress reports for the six cycles in 1990 
were issued 111. The irradiation is planned to continue until mid 1992. 
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