
Des essais très prometteurs ont été réalisés jusqu'à 160
litres versés en six minutes, à 520°C. Ils ont été suivis par
un essai de déversement d'une tonne de sodium à 550°С en une
minute, pour satisfaire aux exigences de certaines fuites de
sodium correspondant aux hypothèses d'un réacteur rapide de
grande taille. Les résultats obtenus sont convaincants ;
toutefois certaines améliorations devront être apportées.

3.7. Installation de destruction de sodium

3.7.1. Noah

La machine présentée au LIMET (Avignon, oct. 1988, papier n°
313) a permis de détruire deux fois une tonne de sodium à un
débit de 25 kg/h :

- la première fois en travaillant de manière discontinue, en
détruisant 200 kg par jour durant une semaine ouvrable ;

- la deuxième fois, en travaillant 48 h en continu.

Ces essais ont montré que le prototype pouvait être facilement
industrialisé et nucléarisé. La première application prévue
est la destruction de 37 tonnes de sodium primaire de
RAPSODIE. Les études de mise en place dans le bâtiment sont en
cours.

Pour détruire de plus grandes quantités de sodium (PHENIX :
800 tonnes ; SUPER PHENIX : 3 200 tonnes) , on peut imaginer
faire fonctionner en continu une batterie de machines.

3.7.2. Almanach

Cette machine est prévue pour détruire le sodium contaminé
retenu dans de petits composants avec de l'eau ou de l 'alcool,
comme par exemple les pièges à césium constitués de matériaux
carbonés.

Les essais de mise en service ont commencé. Les premières
applications sont prévues en 1990.

STATUS OF FAST BREEDER REACTOR DEVELOPMENT
IN THE FEDERAL REPUBLIC OF GERMANY,
BELGIUM AND THE NETHERLANDS*

R. HÜPER
Nuclear Safety Research Project,
Kernforschungszentrum Karlsruhe GmbH,
Karlsruhe, Federal Republic of Germany

Abstract

The results of activities carried out by the DeBeNe partners in 1989 have
been compiled in this report. The report begins with a survey of fast
reactor plants, which is followed by an R&D summary. In an additional
chapter, a survey is presented of international cooperation in 1989.
Effective January 1990, KfK activities in the area of fast reactors have
been incorporated in the Nuclear Safety Research Project.

Preface

In 1967 and 1968, the Federal Republic of Germany, the Kingdom of Belgium, and
the Kingdom of the Netherlands ("DeBeNe") agreed to develop breeder reactors
in a joint program. The following research organizations have taken part in this
effort:

- Kernforschungszentrum Karlsruhe (KfK),
- Interatom, Bergisch Gladbach,
- Alkem1, Hanau

- SCK/CEN, Mol,
- Belgonucléaire, Brussels,

- ECN, Petten
- Neratoom, The Hague.

The first three institutions mentioned above have been associated in the
Entwicklungsgemeinschaft Schneller Brüter since 1977. KfK, INTERATOM, and the
French Commissariat à l'Energie Atomique entered into contracts in 1977 about
close cooperation in the fast breeder field, to which the Belgian and Dutch
partners acceded. Agreements signed in 1984 and 1989 extended so as to include
Great Britain.
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The results of activities carried out by the DeBeNe partners in 1989 have been
compiled in this report. The report begins with a survey of fast reactor plants,
which is followed by an R&D summary. In an additional chapter, a survey is
presented of international cooperation in 1989.

Effective January 1990, KfK activities in the area of fast reactors have been
incorporated in the Nuclear Safety Research Project.

I. SUMMARY

1. KNK II, Karlsruhe

KNK, the sodium cooled compact reactor, is an experimental nuclear power plant
of 20 MW electric power. Since 1977, it has been operated with fast, i.e.
unmoderated, reactor cores as KNK II. The plant is owned by
Kernforschungszentrum Karlsruhe GmbH (KfK) and Kernkraftwerk-
Betriebsgesellschaft mbH (KBG).

While the fuel elements of the first core, KNK 11/1, agreed in most parameters
with those of the Mk.la type first core of the SNR 300, the fuel elements of all
following core loadings, KNK II/2 and /3, correspond to the SNR 300 Mk. II type
characterized by a high fuel densitiy, 7.6 mm fuel rod diameter, and spark eroded
grid type spacers. The first fast core had been unloaded in 1982, after having
demonstrated good operating characteristics, at a peak burnup of 100,000
MWd/te.

The KNK 11/2 core had reached its licensed in-pile time of 455 equivalent full-load
days in 1987. For this second core, the Baden-Württemberg State Government
had issued the permit, in December 1988, to continue KNK II operation from 455
up to 720 full-load days, subject to certain documents being produced and
conditions accepted, and to continue the ongoing experimental program. In the
meantime, however, it had been found out in inspections that the rodlinkagesof
the shutdown units had accumulated aerosol deposits in the long downtime.
They hampered easy motion of those systems. The defects have meanwhile been
repaired, and use of the existing permit could be made beginning in January
1990.

Initially, the KNK II/3 core was designed largely analogous to the KNK II/2 version.
However, more recent experience has made it necessary to introduce additional
measures (including a larger number of spacers modified in shape) in order to
prevent fuel rod oscillations.

2. Kalkar Nuclear Power Station (SNR 300)

At Kalkar on the lower Rhine, the 300 MWe SNR 300 protoype breeder power
plant has been constructed by the International Natrium-Brutreaktor Bau GmbH
(INB). The owner of the plant is the Schnell-Brüter-Kernkraftwerksgesellschaft
mbH (SBK). Both firms are joint German-Belgian-Netherlands enterprises. After
prolonged delays, construction of the plant was more or less completed in 1985.
This was followed by the prenuclear commissioning phase. The project was
influenced by a number of political discussions.

In early May 1988, the German Federal Minister for the Environment, Nature
Conservation and Reactor Safety had issued a procedural instruction about the
continuation of the SNR licensing procedure to the North Rhine-Westphalian
State Minister of Economics. The State Minister brought an action against this
instruction with the Federal Constitutional Court in 1989. The Court is expected to
decide in May 1990.

No tangible progress is apparent in the licensing procedure as far as the issuance
of permit 7/6 is concerned. That licensing step covers applications for
modifications to the ventilation system of the reactor building, plant security
measures, and other modifications to various systems resulting from findings
made in the pre-nuclear commissioning period. The application filed for fuel
element delivery was shelved temporarily in 1987.

After all questions known to be associated with decision 7/6 at that time had
been answered by INB in October 1988, further questions i-r^se from ongoing
expert opinions, which the licensing authoritiy required to be processed before
decision 7/6 would be taken. INB/SBK has agreed with this classification in order
to advance the procedure.

These subsequent questions related to the following issues, among others:
The consequences of changed room temperatures in the containment. The
influence of the room temperatures, adapted aftc-r prenuclear
commissioning tests, under normal reactor operating conditions upon the
design of the systems installed in the reactor building was determined.
Wording in the conditions contained in the expert opinion of the
consulting engineer for stress analysis.
In connection with the action brought by the Düsseldorf State Ministry of
Economics with the Federal Constitutional Court, a writ by SEiK/INB dealing
with the treatment of the Chernobyl accident was submitted in time.
Commissioning and testing the modified visco seal in a primary pump. The
visco seaiing system of a primary sodium pump was modified and tested
under plant operating conditions. In addition, its function was
demonstrated under simulated gas pressure conditions of the kind arising
in an accident involving external impacts.

The Kalkar nuclear power station project was maintained in the continued
standby phase also in 1989. The goals of the project are to maintain the readiness
of the reactor plant for loading and commissioning as well &•> the planning
activities required tor the 7/6 permit decision

After completion of the pre-nuclear commissioning, the plant is being run in a
mode similar to that of a power plant. The operating crew under tne
management and responsibility of INB is made up of some 70 INB and 100 SBK
Staff members, which figure is sufficient for the present standby operations of
the plant. In line with the standby mode of operation, the sodium loops are kept
at a coolant temtjerr.turc o» approx. 240 'C, while trie cover gas systems are in
operation. For cost reasons, the plant compartments of the sodium systems are
vented; inerting these compartments with N2 was stopped after completion of
the commissioning work on the N2 systems.

Financing the project costs in the standby phase has been assured to the tune of
DM 105 million/a up until 1991. Aareemerits to this effect have been entered into
between SBK and INB.
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3. European Fast Reactor (EFR)

The memoranda and agreements signed with France in 1976/77 have resulted in
an intensive expansion of cooperation. An extension of this cooperation to the
United Kingdom was initiated by the Memoranda of Understanding of 1984.

Three agreements were signed in Bonn on February 16, 1989, which put breeder
development on a European base. The manufacturing industry and the research
centers in Europe will henceforth be focusing their efforts on a joint project, the
1500 MWe European Fast Reactor (EFR). Its development wil l be the objective of
joint activities for the next few years.

The R&D agreement provides for the type and scope of research work in the fast
breeder area. The contracting parties are KfK, Interatom, the French CEA, and the
British UKAEA. The industrial agreement covers cooperation among
manufacturers in planning and designing the EFR. The parties to this agreement
are INB, Siemens and Ansaldo (Italy), Novatome (France), and NNC (United
Kingdom). The SERENA-FASTEC agreement provides for the exchange of
knowledge among the partners and for the financial interests held in licenses
granted to third parties.

As early as in July 1984, a European Steering Committee was set up to coordinate
R&D, to which eleven European Working Groups (AGTs) now report. These
Working Groups established a detailed joint R&D program in the format of Work
Packages for breeder development. Effective November 1, 1989, a Management
Group for Research and Development (MGRD) headed by a full-time Executive
Director was set up. Its special duty is to determine the R&D requirement for the
EFR jointly with the manufacturing industry and the utilities concerned, thus
ensuring that these activities are carried out by means of suitable R&D
organization.

European electricity utilities had set up the European Fast Reactor Utilities Group
(EFRUG), which is to promote longer term planning of the EFR. Following a
suggestion by EFRUG, the manufacturing industries elaborated an EFR design
study, the most recent version of which has been available since November 10,
1989. By the completion of Phase 1 (preparatory planning) in March 1990,
questions of detail, such as the design of the reactor core and the steam
generators, will be processed. Phase 2, which will begin afterwards, will be
devoted especially to validation and detailed planning.

4, Research and Development Work

R&D work was concentrated on fuel and materials development, safety, physics,
and component development. Part III of this report contains the most important
R&D activities of 1989. They can be summed up as follows:

Materials for core elements were studied and developed further with a view to
very high burnups. One major objective of development is an extension of the in-
pile time of components in order to reduce the operating costs of breeder plants.

R&D work on reactor physics, above all, focuses on critical experiments conducted
to determine the nuclear parameters of breeder cores, the preparation of
improved nuclear data and joint European reactor physics codes for nuclear core
design, and contributions to design basis and safety calculations.

One'major aspect considered in safety studies is the complex of fuel rod failure,
coolant failure, and power transients as potential causes of accidents. Efforts are
made to show that severe accidents (core meltdown) can be avoided by passive
features even in case the reactor safety system were to fail. In this connection it is
of interest to compare the safety aspects of mixed oxide and metal fuels.

The behavior of aerosols, effects of sodium fires and sodium/concrete interactions
constitute another major point of safety research. To meet technical safety
criteria, e.g., to ensure decay heat removal after failure of the tertiary system,
more use is to be made of the inherent safety advantages of sodium cooled
systems.

In plant surveillance, the data supplied by the measuring instruments are to be
processed, in the future by means of pattern recognition techniques, to enable
accident conditions to be diagnosed. An in-core monitoring system of this type is
to be demonstrated in KNK II.

Materials of the reactor vessel and of other components are being investigated
especially for their long-term characteristics, in particular in the light of the
impacts of sodium and of irradiation effects on structural integrity. Fracture
mechanics methods are employed to detect the failure modes of vessels and pipes
and to achieve acceptance of the leak-before-brsak criterion in future licensing
procedures.

II. REACTOR PROJECTS

1. KNK !l Experimental Breeder Nuclear Power Plant

1.1 Reactor Cores

While the fuel elements of the first core, KNK 11/1, were identical with those of
the Mk.la first core of the SNP. 300 in their main parameters, the dements of all
following core loadings, KNK II/2 and /3, correspond to the SIMR 300 Mk. II type
characterized by its high fuel density, 7.6 mm fuel rod diameter, and spark
eroded grid type spacers. The first fast core was unloaded in 1982 after having
shown good operating characteristics and reaching a peak burnup of 100,000
MWd/te.

The KNK II/2 core reached its licensed in-pile time of 455 equivalent full-load days
in 1987. For this second core, the Baden-Württemberg State Government had
issued a permit in December 1988 allowing continued operation on KNK II,
subject to certain documents being produced and conditions met, from 455 to
720 full-load days and permitting also the ongoing program of experiments to be
continued. In the meantime, however, inspection had revealed aerosol
depositions in the rod linkages of the shutdown units resulting from the long
downtime, which hampered the systems. The problems has meanwhile been
solved, and use could be made of the existing permit.

The KNK II/3 core initially was designed largely analogous to KNK II/2. However, it
became necessary in the light of more recent experience to implement additional
measures (among them an increase in the number of spacers and -3 modification
of their shape) in order to prevent adverse fuel rod movements.



2() 1.2 Post-irradiation Examination of KIMK II Fuel Elements

The Mk.la type fuel e lement i rradiated in KNK 11/1 up t o a max imum local bu rnup
of 18.6 at.% (175,000 MWd/te) was subjected to post- i r radiat ion examinat ion.
The dose rate to which the cladding tube has been exposed a m o u n t e d t o a local
maximum of 67 dpa NRT. The hexagonal wrapper tube showed minor swel l ing o f
3.5 mm. Of the 211 fuel rods, 50 had been equipped w i t h 1.4970 type cladding
mater ia l . None of these rods were damaged dur ing or af ter s ingul izat ion. A
bending test still revealed considerable residual duct i l i ty . The shape and size o f
the central channel, and the pellet subdivision still visible in the cold rod area, d id
no t show any recognizable change. Nor d id the fission products n o w present in
large quanti t ies accumulate locally. On the who le , the f ind ings so far have no t
indicated any imminent burnup l imit .

The primary cover gas system in KNK II is mon i to red for radioact ive fission
products. If a defect classification is to be achieved above and beyond the mere
detect ion of a fai led fuel element, more sophisticated measuring systems need t o
be employed , such as german ium detectors w i t h series-connected mul t ichannel
analyzers and computers for evaluat ion. In the th i rd fuel rod fai lure, the results
measured seem t o indicate tha t fission products were released by di f fusion in t he
uranate-plutonate layer formed at the point of defect. In the fourth failed rod,
fission product release occurred in two stages, first by diffusion in the crystalline
fissile material into the open porosity, and then into the sodium, also by
diffusion. This agrees with the finding that the fissile material of the fourth failed
fuel element in KNK II had been pure uranium oxide, which does nottend to form
uranate quickly. This seems to be one possible way of distinguishing between
uranium oxide and mixed oxide in case of failure.

In a modified THIBO test setup, the studies of thermohydraulically induced fuel
rod oscillations were continued out-of-pile at KfK. The THIBO experiments are
single-rod experiments with an electrically heated fuel rod simulator of the same
dimensions as a KNK 11/2 fuel rod. The test parameters varied are the clearance of
the test rod in the spacers, coolant flow, and rod power. For better simulation of
conditions in the Mark II fuel element, with its small rod clearance, a new test
section was made with a reduced cooling channel diameter of 10 mm. Compared
to THIBO-I, this means a reduction by some 50% of the cooling channel cross
section and, hence, doubling of the sodium flow rate at the same sodium heat
increase.

1.3 Reprocessing in the MILLI Laboratory Facility

Forty tes* *uel rods from KNK II with 175,000 MWd/te burnup were reprocessed in
the MILLI KfK laboratory facility. Revamping MILLI has shown that dismantling
highly contaminated technical process systems as well as decontaminating the
associated hot cells is possible reliably and safely. In the revamping process, all the
major technical process components of the nuclear fuel reprocessing step were
dismantled and replaced. The modernization phase, including planning work,
took a total of five years. The approximately 100 assembly jobs to be performed
with respiration gear did not cause a single case of personnel contamination, nor
were the legal dose limits exceeded.

2. Kalkar Nuclear Power Station (SNR 300)

2.1 Planning and Management

Also in 1989, the Kalkar Nuclear Power Station Project was managed in
accordance with the project goals of the standby phase. These are mainly
- the maintenance of the plant ready for loading and operation,
-the execution of the licensing procedure.

Financing the project costs of DM 105 million/a within the framework of the
minimal project activities in the standby phase has been agreed upon
contractually'for the period 1989-1991. Within ifcis overall framwork, the
expenditures for planning amount to roughly 70 man months per month. This is
the basic personnel requirement for project management and planning activities
arising either within the licensing procedure or in the standby mode of the plant.
Planning activities in 1989 had been focused on work for the licensing procedure.

To test the visco seal system for the main coolant pumps, the seal optimized and
modified at a test rig in Putte, Netherlands was installed in a primary sodium
pump of the reactor. The operational test was positive. In particular, satisfactory
operating behavior was demonstrated in the simulated operating conditions
arising after an accident with external impacts. The development and operational
testing phase of the sealing systems has now been concluded. Moditiying tne
other primary coolant pumps is still subject to a decisio.-i to be taken in
agreement with the licensing authority.

In the reactor, trial operation of the measurement and test equipment for in-
service inspections of the reactor was begun. The work so far performed with the
test lance has already produced results which make it necessary to rework and
optimize some of the test equipment. On the whole, the period required for
testing the lances will extend far beyond 1989.

Here are some of the design modifications to be made:

- The drive used to raise and lower the lance for inspecting the gap in the vessel
closure will be modified.

- The design of the seal of the TV camera lance must be modified and the levels
of two vessel closure positions must be aligned.
Using the lance for the viewing equipment under sodium'indicated that the
ultrasonic probes are not powerful enough. The mechanical lock of the swivel
arm was converted.

- The drive of lance 6 will be modified to include a torque measurement shaft.
This allows assumed collisions during use in the reactor to be detected and
protected against in terms of force.
The lighting system of the optical inspection lance with the TV camera must be
modified.

2.2 Assembly Work and Pre-nuclear Commissioning

Since pre-nuclear commissioning was completed, the plant has been operated in
a mode similar to that of a power station. The operating crew managed by, and
under the responsibility of, INB is made up of rougly 70 INB and 100 SBK staff
members, which is sufficient for the present standby mode of plant operation.



Activities at the Kalkar Nuclear Power Station are limited to these items:
- Plant operation at 220 °C sodium temperature of the primary/secondary

systems and the peripheral systems required for this purpose.
- Perturbation tests and their correction.
- Maintenance work, excluding systematic preventive maintenance.
- Tests of operationally under various operating constellations.
- Working on items not yet completed (modifications, findings made during the

precommissioning phase), especially in the range of electrical installations,
with about 10% power.

In addition to these operating activities, the following special events were
handled in 1989:

- Test use of equipment for in-service inspections of the reactor (in-service
inspection lances).

- In-service inspections of pressure vessels (some 300 vessels and safety valves in
1989). The pressure vessel tests carried out have not so far resulted in any
negative findings requiring repair work to be done. The inspections went on
throughout 1989 and will be continued in 1990.

- The in-service inspections of the intermediate heat exchanger revealed that
the test systems should be improved with respect to their mechanical
construction and the viewing system. Reworking has been initiated. It was also
seen that the inspection times foreseen in the instruction sheets were far too
short and must now be increased. On the whole, the inspection campaign so
far has resulted in valuable practical experience, which will be put into
practice in the revision of the inspection instructions.

- Commissioning and testing the modified visco seal in a primary pump.
For drastic reduction of the impurities contained in the auxiliary cooling water
system whenever water from the river Rhine was used for operation, a
provisional closed-loop mode of operating the system through the cooling
tower was introduced for the standby phase. Makeup water is supplied from
wells. This greatly reduces fouling of the coolers in the water circuit. Under
the manpower conditions of standby operation, this measure has clearly eased
maintenance problems.

These have been the main points of activity within the licensing procedure:

- The consequences of changed room temperatures in the containment. In this
connection, the influence on the design of the systems installed in the reactor
building was shown of the room temperature, during reactor power
operation, which had been adapted in the light of the prenuclear
commissioning tests carried out. No hardware consequences resulted from this
verification step. The temperatures indicated in some 1800 licensing docu-
ments were checked. As a result of this check, 143 licensing documents had to
be revised for formal reasons.

- Working on the criteria spelled out in the expert opinion written by the
consulting stress analyst and the comment by the Head of District Admini-
stration (Oberkreisdirektor) of Kalkar. The conditions stipulated in the expert
opinion, which the licensing authority required to be processed before
decision 7/6, have been worked on and filed for expert opinion.

- Remonstrance by the North Rhine-Westphalian State Ministry of Economics
following the comment on the Bethe-Tait accident delivered by the Federal
Government in its supervisory capacity. INB drafted and submitted arguments
against the remonstrance by the State Ministry. These supplement the
extensive scientific and technical comments produced by Kf K.

- Action brought by the State of North Rhine-Westphalia with the Federal
Constitutional Court. In the action brought by the North Rhine-Westphalian
State Ministry of Economics against the Federal Republic of Germany with the
Federal Constitutional Court because of an instruction by the Federal Ministry
for the Environment to continue the licensing procedure (treatment of the
Chernobyl accident), a writ by SBK/INB was tiled in time. The ruling by the
Court is expected in May 1990.

- Almeria accident. Supplementary stability assessments were made within the
framework of an expert opinion dealing with the consequences of a release of
sodium in a spray fire at the Spanish solar power plant.

A summary evaluation of the state of the licensing procedure does not permit a
date to be forecast reliably on which permit 7/6 might be issued.
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2.3 Licensing Procedure under the Atomic Energy Act

No tangible progress towards the granting of decision 7/6 is evident in the
licensing procedure. That licensing step covers modifications to the ventilation
system of the reactor building, plant security measures, and other changes of
various systems applied for in the light of findings made in the pre-nuclear
commisssioning phase. The application filed for fuel element delivery was shelved
temporarily in 1987.

After all questions raised with respect to decision 7/6 had been processed by INB
in October 1988, further questions have arisen from ongoing expert consulting
activities, which the licensing authority classified as having to be handled prior to
the decision 7/6. INB/SBK has agreed to this classification in order to advance the
procedure. Most of the subsequent questions have arisen from ongoing expert
investigations of subjects directly relating to the object of 7/6 from various
complexes of the positive interim assessment.

3. Planning the European Fast Reactor (EFR)

On the basis of a first consistent design (FCD) by the European vendors, Ansaldo,
National Nuclear Corporation, Novatome, and INB/lnteratom, of the nuclear
steam supply system, planning work is continued according to the program in
1989.

On the basis of the agreements leached about organization and division of labor
in the conceptual design phase, planning activities have been carried out at the
manufacturing companies. Most of the work was concentrated on the in-depth
treatment of reference solutions of the FCD and other solutions (alternative
options) promising in the light of safety and cost aspects. The findings led to the



22 so-called Consistent Design, which was presented to EFRUG (European Fast
Reactor Utilities Group) and the R&D agencies in November 1989. It isdescribed in
the Consistent Design specification.

The state to which alternative solutions have been elaborated is explained in a
separate working report.

The requirements to be met in the R&D programs were adapted to the progress
achieved in planning (see section 3.3below).

A first interim report about the economic aspects involved was drafted as agreed
upon.

In February 1989, the signed agreements on the breeder reactor programs of
industry and R&D institutions combined all European countries participating in
this development, as had been sketched already in government agreements in
1984. One agreement was signed about the mutual exploitation of knowledge
about reactor systems between SERENA and FASTEC, and one agreement each
was concluded about R&D work on breeder reactors and the cooperation of
industries in planning the EFR.

Within the framework of technical discussions, EFRUG was informed about
important subjects of detail concerning the progress of current work. EFRUG is
expected to comment on the Consistent Design, which comments will then be
one of the objects of futher studies. In March 1990, the two-year conceptual
planning phase (Phase ) was completed and is being followed by a three-year
conceptual validation phase (Phase 2), for which the appropriate programs of
work have been drafted. The planned institution of a central project
management team with headquarters in Lyons, France, is to further intensify
cooperation and organization among the manufacturers (EFR Associates).
Following the model set up by the industrial side, also EFRUG has announced
further streamlining of the organization for Phase 2.

3.2 Technical Design Characteristics

Some important technical design features of the nuclear steam supply system are
listed below which correspond to the present state of planning of the Consistent
Design.

Buildings:

Cylindrical reactor building without a liner. Common horizontal seismic shock
absorbers for the reactor, steam generator, and auxiliary systems buildings, all of
which buildings are to be designed so as to be protected against external impacts.
Electrical systems are to be designed in three separate circuits.

Reactor core:

Both homogenous and axially heterogeneous cores with target burnups of
approx. 20 at.% are being planned, both of them for high or low Breeding ratios.

Primary system:

Reactor vessel of some 17 m diameter surrounded by a safety tank either ancho-
red to concrete or suspended freely. Two rotation top shields have been planned.

The instrumentation plug is integrated in the smaller rotating top shield. The
reactor top shield is a hot steel structure gas cooled in normal operation. Three
primary pumps with synchronous motors will be used for primary coolant
recirculation. Six straight tube interm rJiate heat exchangers will transfer heat to
the secondary system. The fuel elements will be stored in an in-vessel store and
can be transported by refueling devices. The axial and radial shields will be made
of steel and B4C of natural isotopic composition.

Secondary system:

Six secondary systems have been planned, each of them to be equipped with one
steam generator and one mechanical recirculation pump installed in the cold leg.
The relief systems provided to control sodium-water interactions are designed
specific to each leg. The steam generators will be made of ferritic material and
will be straight tube designs.

Decay heat removal system:

In normal startup and shutdown processes, the decay heat will be removed by the
secondary systems and the water/steam system. In addition, a six-leg decay heat
removal system is being planned which will be operated with sodium in a natural
circulation mode. Immersion coolers will extract the heat from the primary system
and transmit it to the outside air in sodium/air heat exchangers. Each leg will have
a nominal power of 15 MW.

Handling:

Core elements will be transferred from the reactor vessel through an inclined
transit lock under sodium. Further treatment of the elements (washing or
transport under sodium) depends on the fuel element power and, hence, on the
core structure. The core elements will be transported in casks. Decontamination
and further treatment will be carried out outside the reactor building.

3.3 Adapting R&D Programs to EFR Planning

The R&D programs relating to characteristics in which the EFR differs from its
predecessors must be adapted to the new conditions. This adaption requires
intensive harmonization among the planners of EFR Associates and those
responsible for R&D. Experiments and methodological developments in some 10
European laboratories are affected by this need.

A formalized procedure has been introduced for thit purpose: The planner
describes the problems associated with the design of a system in an Objective
Sheet. In addition, he defines the R&D steps in his view required to solve those
problems, and also indicates the time scale. The R&D side adapts current Work
Packages to the new goals in its AGTs (R&D Working Groups), and decides upon
new Work Packages. Before a planner sends an Objective Sheet to the R&D side,
he can inquire about existing knowledge by means of Question Sheets.

At a higher level, periodic R&D review meetings are held at which EFRUG is
presented the current status of adaption, by representatives on the planning side
and the R&D side.

The detailed comparison of the requirements to the R&D side expressed by the
Project and the R&D tasks existing indicated that the adaption process has
progressed far already.
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III. PROGRESS IN RESEARCH AND DEVELOPMENT ACTIVITIES

The following survey is a summary of the most important R&D work and findings
resulting from the activities of the DeBeNe partners for the Fast Breeder Project
in 1989.

1. Core Elements

The Mk.la type fuel element irradiated in KNK II to a maximum local burnup of
18.6 at.% (175,000 MWd/te) was subjected to a post-irradiation examination.
Forty test fuel rods from this fuel element were reprocessed in the MILLI
laboratory-scale reprocessing plant.

The POUSSIX and MEDINA in-pile experiments extending up to 10 at.% burnup in
the Phenix reactor contributed to studies of the mechanical interactions between
the fuel and the cladding (FCMI). The main parameter under investigation was
the void distribution over the fuel rod cross section. The fuel rod used
corresponded to the Mk.ll type in most respects. It was seen that the mode of
operation plays a decisive role in mechanical interactions. In steady-state
operation, mechanical interaction between the fuel and the cladding is
diminished by a large gap, while it is increased in a cyclic step made of operation.
Special importance was attached to a potential depletion of the void inventory in
the fuel rods as a result of fuel swelling at the high burnup level attained.

Earlier experiments conducted in the BR 2 provided information about the fuel
element behavior under operating transients. Mol-18/A2 had been the last
experiment in the Mol-18 series. It served to study mild overload and loss-of-flow
conditions on the order of seconds. The transient overpower cases extended up to
some 160% overload, while the losses of flow were associated with sodium outlet
temperatures of approx. 950 °C. In Mol-18/A2, a Mk.la type fuel rod was used
which had been pre-irradiated in KNK II up to a burnup of approx. 4.8 at.%. The
test specimen remained intact. Maximum cladding expansion, ovalization of the
cladding, and the fuel structure have changed but little compared to the final
status in KNK II. The only change worth noting seems to be a higher rate of voids
in the grain boundary regions of the restructured area. The size of intergranular
fission product gas voids also increased clearly. Recalculations were performed by
means of the TRANSIENT computer code.

The Mol 3B10 in-pile experiments related to new cladding tube and core
structural materials. After irradiation in the BR 2, hot tensile tests were carried
out on theaustenitic 25 10 NiCr development alloys, RGT X1 and RGT X2, and the,
martensitic wrapper tube material, 1.4914. According to these tests, the yL

hardened RGT X1 material suffers an extreme loss of ductility as a result of
irradiation. In contrast to this, RGT X2 as a TiC- and matrix hardened material is
still sufficiently tough after irradiation and can compete with the 1.4970 type SNR
reference cladding material. The 1.4914 type wrapper tube material was not
influenced significantly by irradiation, its strength increasing slightly, while the
ductility characteristics of the specimens subjected to different heat treatments
were balanced by irradiation at a level between those attained in the
unirradiated state.

Post-irradiation examination of a Siloe failed-rod experiment revealed a dense
layer of sodium uranoplutonate. In the sodium loop of the Siloe reactor, a failed
8.65 mm fuel rod in an SPX geometry was irradiated which had been pre-

irradiated in the Phenix reactor to a maximum burnup of 8.7 % at a maximum rod
power of 44 kW/m. Rupturing of an existing 25 mm long axial defect in the
cladding at less than the maximum rod power during the second cycle of Siloe
irradiation initiated the simulation of the defect. During the 20 days of irra-
diation, several secondary cracks were formed in constant and cyclic modes of
operation. The pronounced secondary cracking at more than maximum rod
power is characteristic of an end-of-life defect at high burnups and contributed
to the continued formation of sodium uranoplutonate on the surface of the fuel.

Releases of radioactive fission product gases from failed fuel elements of KNK II
allowed the failures to be classified. The primary cover gas system in KNK !i is
being monitored for radioactive fission products. Failure classification above and
beyond the detection of a failed fuel element requires more sophisticated
measuring instruments, such as germanium detectors with serios-conntcted
multichannel analyzers, and evaluation computers. In the third failed fuel rod,
the results measured seem to indicate that fission products are released by
diffusion in the uranateplutonate layer formed at the point of defect. In the
fourth failed fuel rod, however, fission products were released in two stages,
initially by diffusion in the crystalline fissile material into the open porosity and
then, also by diffusion, into the sodium. This is in agreement with the finding
that the fissile material of the fourth failed fuel element in KNK II had been pure
uranium oxide, which does not tend to form uranate quickly. This may offer a
possibility of distinguishing between uranium oxide and mixed oxide in cases of
failure.

In a modified THIBO test setup, THIBO-II, studies of thermohydraulically induced
fuel rod oscillations were continued at KfK. TheTHIBO experiments are single-rod
experiments with an electrically heated fuel rod simulator of the same
dimensions as the KNK II fuel rod, namely 7.6 mm diameter and 600 mm of
heated length , with a total length of 1560 mm. The test parameters varied are
the clearance of the test rod in t^- spacers, the coolant flow rate, and rod power.
For better simulation of the conditions in the Mk.ll fuel element, with its small
rod clearance, the new test section was made with a smaller cooling channel
diameter of 10 mm. Compared to THIBO-I this means roughly half the cooling
channel cross section and, hence, twice the sodium flow rate at tho same rate of
sodium tmeperature increase.

For THIBO-II, a double-tube system was developed, with d thin-walled sodium
feed tube on the inside and a thickwalled stiff carrier tube on the outside. The
sodium feed tube and the carrier tube are decoupled thermally as far as possible
through a gas gap in the region of the heated rod zone. In this way itwas possible
to greatly reauce the relatively large oscillatory movements of the cooling
channel observed in the THIBO-I experiment. Yet, a first evaluation of some
experiments indicated that even if the clearance of the rod in the spacers is a
minimum, oscillations will still occur. They disappeared only in an experiment in
which the spacer circles, continuously staggered by 60° each from bottom to top,
had been displaced by 0.3 mm out of the center of the cooling channel.

Interatom developed the new STRING computer code for stress analyses of fuel
elements. It serves for calculations of the radial and axial distributions of
longitudinal rod forces acting on spacers and the spacer support plate in the
presence of different length changes of rods and wrapper tubes. STRING
(Structural Interaction in Grid Spaces Pin Bundles) calculates iteratively the
equilibrium conditions for displacements and forces in the rod/spacer/wrapper
tube system. An additional condition taken into account implies that the adhesive



24 fr ict ion force cannot be exceeded at the rod/spacer contacts. This force l imit is a
funct ion of the radie! rod force at each point of contact result ing f rom
circumferential temperature gradients and spacer radial displacement or spring
actuated clamping, and of the fr ict ion coefficients dependent on the operat ing
condi t ion.

Further development of the fuel rod model theory allows a quant i tat ive
description to be given of central channel fo rmat ion, fuel displacement, and
residual porosity. This results f rom a reformulat ion of the void volumes resulting
f rom the recalculation of experiments w i th high-density fuel in the DUELL II test
series in the Petten HFR. The main restructuring processes in fuel occur dur ing the
onset of irradiation and they all tend to reduce the temperature. They include
porosity redistributions caused by evaporation/condensation of the fuel , and also
ruptur ing of the fuel because of mechanical stresses. Model theory was employed
to estimate, among other factors, the increase on the central porosity situated
w i th in the region of structural change, and the local porosity increment resulting
f rom the introduct ion of cracks over the relative radius r f structural change.

2. Reactor Physics and Nuclear Core Design

In the sector of physics, the design and nuclear dimensioning of large breeders
requires a reduction in the margins of uncertainty when it comes to reliably
predict ing characteristic reactor parameters. The evaluat ion of previous
measurements has indicated this to be true especially of the effectiveness of
control rods. For this reason, a program of measurements in a " large cri t ical" is
being run joint ly w i t h the European partners. In connection w i t h inherent ly safe
long-l i fe cores, axially heterogeneous cores wi l l be investigated. The evaluat ion
of core data is for the benef i t of the JEF 2 data fi le to be established jo int ly by the
Europeans and the Japanese, f rom which also jo in t European sets o f cross sections
wi l l be derived. Moieover, a jo in t European neutronics computer code system is
being elaborated to replace and improve existing nat ional code systems.

Open questions associated w i t h the recalculation of absorber experiments in the
SNEAK 12C2 assembly have been clarif ied. It has been found that , unl ike the pin
loadings for the absorber exoeriments in SNEAK 12A, where 12 absorber pins had
been used per e lement for measurements, SNEAK 12C2 had been measured w i t h
the maximum possible number of 16 absorber pins per element. This fact had not
been taken in to account in former recalculations. In add i t ion, the method
employed for nearly all earlier SNEAK assemblies of shim rod calibration by
means of inverse kinetics at least seems to be doubt fu l in assembly 12C2, which
reacts very sensitively to local disturbances. The new results have been compared
in a consistent manner for both SNEAK assemblies. The differences between the
quanti t ies for SNEAK 12C2 calculated and those found in experiments are now
comparable w i t h the data for SNEAK 12A. This has done away w i th all earlier
discrepancies.

The first assembly of the CONRAD experiments underway as a European jo in t
e f for t in the MASURCA facility in Cadarache wen t critical for the first t ime in mid-
1989. The beg inn ing was marked by the CONRAD-AX series devoted to studies of
axially heterogeneous reactor cores. In the center plane this -assembly wi l l first
contain an axial b lanket layer of 20 cm thickness, which wi l l be increased
d o w n w a r d to 30 cm in one OT the fol lowing setups and wi l l then be asymmetrical
relative to the center plane. The assembly is equipped w i t h 10 control rods and 4

secondary shu tdown rods. Especially reactivity worths of various control rod
positions, also asymmetrical ones, and the associated power distributions wil l be
measured. Another complex under study refers to the possibility of determining
power distr ibut ions by detectors installed outside the core.

Work on the def in i t ion of a jo in t code system for nuclear design, operations con-
t ro l , and analyses of cores and shieldings of fast reacto rs has been cont inued. The
jo in t code system is to be based on the French CCRR system, as a new
development f rom scratch is impossible for reasons of manpower and budget.
The personnel expendi ture is estimated to run up to 2 -25 man-years whi le the
per iod o f deve lopment w i l l probably be five years. KfK and Interatom wi l l share
the work . The consti tut ive meeting of the ERANOS Task Force, which is to
coordinate the work of ech of these institutions, was held in late June.

Accident analyses of the First Consistent Design of the EFR w i th and w i thou t core
disrupt ion have resulted in a clearly less favorable behavior than was found in the
older CDFR, SPX1 and SNR 2 concepts. This isdue mainly to the sodium void effect,
which is clearly more pronounced in the bFR because of the higher layer of fissile
material of 140 cm and because of the higher burn up. It was therefore decided, in
agreement w i t h the electricity utilities, to study cores w i t h reduced void effects.

For the EFR, also comparisons of homogeneous and axially heterogeneous cores
were made. The axially heterogeneous versions w i th one or t w o blanket layers
indicated advantages w i t h respect to reactivity losses per cycle and the maximum
dpa values arising.

3. Fast Reactor Safety

A jo in t European-American comparative study is devoted to the safety of oxide
and metal fuels in fast breeders. The reactor design underly ing the study has an
axially heterogeneous core and is designed as a pool type reactor w i th 3500 MW
of thermal power. The data base and some first results of the study were then
discussed at an expert meet ing at KfK on October 10-11, 1989. Participants were
representatives of ANL, KfK, Interatom, CEA Cadarache, and UKAEA Risley. The
main topic of discussion was the unprotected loss-of-flow accident (ULOF). For
short periods of t ime i t may be affected by the fo l lowing passive safety features
(a) the radial expansion o f the reactor core including the gr id plate, and (b) the
thermal expansion of the control rod l inkage. Under ULOF condit ions, metal fuels
wi l l have advantages because of their h igh thermal conductivities, for under
these condit ions the sodium temperature wi l l probably remain below the boi l ing
point.

Together with LANL, PNC, CEA and JRC Ispra, a computer program for the
description of transient multiphase flows has been developed (AFDM =
Advanced Fluid Dynamics Model). It has been used to recalculate two-phase
flows. Among others, experiments were chosen in which two liquid components
exchange energy, with one component evaporating in the process. A very wide
range of temperatures was covered between 10 K and 1500 K to demonstrate the
general validitiy of the AFDM models.

The Mol 7C/7 cooling blockage test has been run. It contained an edge blockage
in a bundle made up of 19 unirradiated mixed oxide rods. The bundle shroud was
surrounded by an annular gap penetrated by sodium at low velocity, like the gaps
between fuel elem ;?nts in the reactor core.
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The experiments began on June 12 with an increase in steps of the power of BR 2.
On June 14, a maximum rod power of 355 W/cm with blockage temperatures of
approx. 850 °C was reached. Under these conditions, a five-day period of pre-
irradiation followed which served to restructure the fuel and included two fast
power drops to generate a typical fuel crack structure. The actual test phase was
initiated on June 19 by a further increase in reactor power. When approximately
normal conditions had been reached (400 W/cm rod power, 3.7 m/s sodium flow
rate in the bundle), the coolant began to boil in the blockage. After throughput
had been reduced by another 7%, and after a boiling time in excess of 30
minutes, the first fuel rods failed in the blockage. The temperature measure-
ments show that the blockage was partly destroyed at this point in time.
However, this locally restricted defect had no influence on the coolant flows in
the test bundle and in the annular gap. Irradiation was continued at full power.

On June 21, material movements in the bundle and depositions on the grid type
spacers as well as in the filter at the outlet of the test section reduced the sodium
flow rate by some 8%. Even after this event it was possible to continue irradiation
for another 5 h without causing the defect to propagate further.

The detection system registerd the defect propagation unequivocally and
realiably. Especially the system detecting delayed neutrons (DND) registered
readings in the very early phase of defect propagation which were far above the
usual shutdown limits of sodium cooled reactors.

As in Mol 7C/6, an underwater gamma spectrometer was used to measure the
fission product activity concentration in the expansion tank of the loop. This
measurement is important in determining the movement of fission products from
the fuel to the coolant in major core disruptive accidents. Micro-gamma
spectrometry was employed to measure also the fission product distribution in
the fuel of Mol 7C/5 experiment. The result confirms that fission products
contributed to the buildup of an internal overpressure in the cavern during the
development of the defect. This can explain part of the observed increase in the
propagation potential as a function of burnup. Some first simulation calculations
with SIMMER II were run to describe the defect propagation in Mol 7C/5. In this
process, some grave stability problerps of the program still emerged, such as
unphysically high pressure fluctuations. They can be avoided largely by a drastic
reduction in the time steps.

Other results of the Mol 7C/6 experiment (high burnup) are available. The initial
phase of the experiment was characterized by a coherent defect development in
the blockage and downstream of it. This is borne out by the development in time
of sodium boiling, dryout, and steel melting. In the further course of the
experiment, all coolant mass flows in the loop decreased considerably. An
important objective of the Mol 7C experiments is the testing of methods to detect
defect propagation. The results of Mol 7C/6 show the RMS values of the acoustic
and temperature noise signals measured at the outlet of the test section as well
as the DND signal during the first 30 s. Comparison of the three signals confirms
diverse possibilities of defect detection.

The SIMBATH project is conducted to study material movements and blockage
formations in a single channel and in fuel rod bundles under conditions
corresponding to those encountered in power excursion and loss-of-flow
accidents. Nuclear heat generation is replaced by an exothermal thermite
reaction ( Fe2Ü3 + AI). The large number of experimental findings obtained in
five 7-rod and two 19-rod experiments allows a summary evaluation of

comparable experiments to be made. The test series also demonstrated the
importance of the hydraulic diameter for the discharge potential of fuel in case
of a reactor accident involving fuel rod meltdown. It also became apparent that
the grid type spacers of the SNR 300 type play a role in limiting axial material
transports. In an extension of the SIMBATH program, therefore, experiments are
being prepared with helical wire spacers.

The evaluation of the experiment about material movements in major accidents
results in an improved description of these processes. The CALIPSO computer code
has been developed to calculate transports of core materials following fuel rod
failure. The geometric assumptions made in the model were extended so as to be
able to simulate also fuel rods with axially variable cavity diameters. For this
purpose, the three impulse equations were reformulated for the fluids within the
fuel rod by means of the dual velocity-dual pressure procedure. This allows the
pressure losses in channels undergoing major changes of cross section to be
calculated precisely.

Evaluation of the experiments conducted with an electric boiling generator has
been finished. In 1984, boiling experiments had been run in KNK II to
demonstrate the detectability of cooling disturbances by means of acoustic
measurements. Evaluation has demonstrated that local boiling in the core of the
reactor can be detected by measuring the noise in the upper plenum and the
edge of the core. However, localizing the source of noise and thus detecting the
cooling defect appears to be difficult on the basis of the measured boiling signals.
The reason is probably the complicated sound propagation with its many
reflections and twists at the bundles and boxes of the reactor core.

The result of two experiments on the interaction between sodium and concrete
are available. Accident assessments for breeder reactors must take into account
sodium leakages, especially when hot sodium enters an oxygen bearing
atmosphere. Extensive, practically complete findings exist in the area of sodium
fires. Besides straightforward sodium fires, also possibilities must be examined of
sodium reacting with concrete surfaces. In addition to the sodium fire, that
condition would also release energy from the sodium-silicon interaction.
Moreover, the reaction of sodium with the water contained in the concrete may
give rise to the evolution of hydrogen.

For this reason, experiments with sodium/concrete interactions have been started
in the FAUNA facility of KfK. Two experiments with typical structural concrete
showed the drastic temperature rise after 25 minutes which is characteristic of
the onset of the actual sodium-silicon interaction. Both 10 mm and 30 mm below
the concrete surface the reaction temperature was almost the same, amounting
to approx. 850 - 870 °C. The reaction started almost simultaneously at both points.

With a delay of several minutes, the reaction at the 50 mm position followed at a
slightly lower temperature. The depth of penetration (depth of reaction) can be
indicated as 50 -75 mm. However, this refers only to the reaction front, while the
500 °C limit (influence upon chemically bound water) has a clearly larger
extension. This behavior of structural concrete is very different from that of
shielding concrete as determined in an earlier experiment. In the latter type of
concrete, there had been no discernible sodium-concrete interaction despite the
much higher water content.

For integral containment analyses, the CONTAIN computer code is being
developed further. It was adopted from the Sandia National Laboratories, USA,



26 several years ago and describes the progression of an accident in a reactor
bui ld ing fo l lowing fai lure of the reactor vessel. Wi th in the framevvork of breeder
safety analyses, CONTAIN is to be used as a link between the SIMMER and
UFOMOD code systems. When completed, a fission product modu le is to al low
largely mechanistic model ing to be achieved of the movements of fission
products between the locations of a containment.

A model for treat ing sodium condensation on aerosols has been taken over from
the Japanese PNC, integrated into the CONTAIN code, and tested in NALA
experiments at KfK. Thef.e experiments were run to determine the retent ion
capabil i ty of sodium pools. Secondary f indings measured in this case were the
evaporat ion rates on the pool surface and the aerosol concentrations. The
increase in size of the aerosol particles as a result of condensing sodium vapor,
and the associated faster removal, play a major role in calculations of the
retent ion capability of a fast breeder containment. For the SNR 300, this effect
was studied quant i tat ively in a containment computer model in which a
hypothetical core disruptive accident w i th vessel fai lure was simulated.

In the THINA facility of KfK, experiments are being run on the behavior of mol ten
core materials enter ing sodium plena. In the second inject ion experiment, the
temperature of the melt of 3000 °C was about 300 K higher than it had been in
the first test. In the l ight of the first evaluation of various measured signals, the
test sequence does not di f fer too much from that of the first test In the first 5 ms
after the onset of in ject ion, i.e., after only very l i t t le melt had contacted the
sodium, a sequence of slnort-term peak pressures (of less than 1 ms durat ion)
were registered. The maximum level was about 45 bar. Dur ing the actual
injection phase, the pres:,ure remained below 10 bar. Af ter the end of injection
there were no pressure increases due to the reaction. The maximum vapor
volume dur ing the expansion phase was some 8 0 x 1 0 - 3 m 3 , a s i n t h e first test.

The GASMO code for the heat transfer of sodium through the coyer gas has been
veri f ied. The code, which was developed at Interatom and describes the coupled
heat transfer by radiat ion and convection in the cover gas f rom the sodium level
in to the roof top structure, has been subjected fo formal qual i ty assurance. The
code was coupled to the LIWAK computer code developed for general heat
transfer processes, in w h c h the main temperatures of the roof were imaged as
nodes. The coupled model was used on a conceptual design study for a
comparative assessment o f various measures of roof insulat ion.

In a three-dimensional model of part of the roof in the region were the
intermediate heat exchangers penetrate, detai led temperature distr ibutions
were calculated for the steady-state normal operat ion and the transient phase
w i th power and cool ing fa i l ing. The stability was assessed positively under these
load cases. The thermal model and, hence, also the GASMO code, have been
verif ied in a similar NNC study by di f ferent methods of computa t ion .

4. Decay Heat Removal and Thermohydraulics

Studies of natural convection in disk geometries and in the RAMONA test facility
at KfK are cont inued. In the disk geometry (2D), the velocity f ield for the open
and the closed plugs above the reactor core was determined. In RAMONA (3D) it
was seen that lower ing the plug has a major influence on thermohydraul ic events
in the region of the discharge area between the core and the plug only in case of

a closed plug geometry. The shorter the distance between the core and the plug
in this geometry, the greater the resistance put up by the hot f luid f rom the
immersion cooler. Consequently, cold fluid wi l l accumulate upstream of the
discharge area of the core and the plug, as had been found out in earlier
experiments w i t h the hemi-disk and disk geometries. Wi th increasing power, and
w i t h the plug closed, the area in which the cold and the warm fluids mix wi l l be
shif ted by the increasing buoyancy forces more and more f rom the space above
the core into the upper p lenum.

Recalculations w i t h the COMMIX code result in good agreement w i t h the
experiments fo r higher powers, but in deviations for low powers. The reasons are
the d i f ferent determinat ions of the point of the temperature gradient and some
basic differences in calculating the cold cavern temperature.

The DYANA and DYANA/ATTICA codes were used for EFR analyses of the
emergency power case (loss of station service power) under various boundary
condit ions. In the l ight of the results, the continued program for measurements
of transient f lows in RAMONA was defined Care was taken in choosing the test
parameters to have the experiments cover the entire spectrum of expected
transients. Agreement was reached with the European partners to the effect that
benchmark calculations w i th the ASTEC, COMMIX, TRIO and DYANA/ATTICA wi l l
be carried ou t for test purposes.

The ATTICA and DYANA codes were coupled. The current version allows analyses
of the overall s i tuat ion to be performed, in the course of which the cold header,
the hot header, the immersion cooler and, inside the core, the intf.T-wrapper
region can be described in two-dimensional terms. This produces a decisive
improvement in the qual i ty of the analyses, especially in natural circulation
processes.

RAMONA has recently been modified for experiments investigating the
transit ions f rom forced convection to natural convection.

The hall p lanned for NEPTUN is to be ready by mid-1990. Whi le RAMONA models
the reactor pool and its internals on a 1:20 scale, NEPTUN is a 1:5 model . Both test
rigs use water as a med ium.

Construct ion of the ILONA decay heat removal large test facility at Interatom is
practically complete. The sodium/air heat exchanger w i th air inlet and out let is
being fabricated as a test object. Because of difficulties in manufactur ing the
heat exchanger tubes, the concept had to be modi f ied. The heat exchanger tubes
which w i l l n o w be used have laser welded fins 5 mm high. These problems caused
delays in the delivery of the heat exchanger, as a consequence of which the
exper iment wi l l not be started before mid-1990.

W i t h i n European R&D cooperation, the ILONA basic test program was
harmonized w i t h the partners. Because of the large heigh of a natural draf t stack
of 45 m, which corrseponds to 90 m of total height, the first experiments wi l l be
run w i t h a stack of 2.68 m diameter x 8.4 m height. Three-dimensional
thermohydraul ic calculations have confirmed tha t the heat dissipation capacity of
5 MW of such a stack can be attained only w i t h an addi t ional b lower.

Laws governing the extrapolabil i ty f rom sodium to water are being studied for
thermodynamic and f luid dynamics exchange processes. This purpose was served
by the recalculation of experiments run in the TEFLU sodium test section. The



input profiles for the dimensionless kinetic energy, k, of the turbulence and the
dimensionless dissipation, e, were derived by means of the similarity assessment
from a measurement for an axisymmetrical vertical free jet. Similarity
consideration shows that the same k and the same e are present for high Reynolds
numbers and short running distances in geometrically similar positions. In the k-e
turbulence model, diffusive heat transport is modeled by means of the turbulent
Prandtl number, ot. It is defined as the ratio of the turbulent transport
coefficients of impulse and heat. For a turbulent Prandtl number of at = 1.6,
good agreement is found between the measured data and the result of the
simulation calculation. This value is clearly above the standard value of at = 0.6.
This confirms assessments and test results requiring an increased turbulent
Prandtl number for fluids with high molecular thermal conductivities.

Steam generator materials data have been redefined by Neratoom. Within the
materials program accompanying the Kalkar Nuclear Power Station, strain-
controlled tensile tests have been conducted on semi-finished steam generator
materials since 1982. First, a simple graphic diagram of the results was
elaborated. One year later, evaluation of the statistical spread of 9 -12% Cr steel
materials data by means of cubic constitutive equations followed. As the strain
rate parameter was not taken into account at that time, a study has now been
conducted to determine the dependence on the strain rate. This method of test
execution and statistical evaluation has brought the design basis up-to-date.
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5. Structural Material and Components

Design and process criteria protecting against thermal striping have been
elaborated. The temperature fluctuations produced in sodium may affect the
material surface of a structural component. When passing through the fluid
interface up to the wall of a material, the temperature amplitudes are damped as
a function of their individual frequencies. To prevent material from being
damaged by crack initiation, no temperature amplitudes exceeding some 65 °C
must reach the surface. This means that the main parameters of thermal striping
induced damage are the temperature amplitudes and fluctuation frequencies
occurring in the fluid and their damping relative to the material furface. Various
flow conditions and geometric conditions, and thus different mixing phenomena
have been identified as sources of temperature fluctuations.

The influence of flowing sodium on the creep-rupture characteristics of the
1.4948 type SNR structural material was determined in a creep-rupture specimen
at 500 °C in the CREVONA loop. The results prove that the influence of the creep
rate and the time-to-rupture in CREVONA must be understood as a corrosion
effect. Corrosion effects of the boundary zone caused by grain boundary damage
weakened the cross section of the Na-Z sample (4 mm diameter) so much as to
cause increased creep rates and reduced times-to-rupture. In a sample with 6 mm
diameter, whose cross section is more than twice as large, corrosion hardly
matters. For this reason, the creep rate was not increased in this case and the
time-to-rupture reduced only very little. This (slight) reduction in the time-to-
rupture results mainly from the reduction on the tertiary creep range in sodium,
which occurs in 1.4948 type steel in all cases. This effect has no impact on the
design, although it will become more pronounced with lower loads and longer
periods of sodium action.

Biological models of components under high loads and stresses are to be utilized.
To optimize the shapes of compoTients under high loads, KfK simulated the
mechanism of self-optimization by growth in the ABAQUS computer code. In this
procedure, a mechanical design proposal, which need not be optimized with
respect to stability, is made to grow" in such a way as, for instance, a tree would
if it had the shape of this design proposal: Material is attached at points of high
loads, and after this correction the homogeneity of stress distribution is checked,
and more corrections are made if necessary. The following structures have
already been successfully optimized: circular holes in tensile plates, collars of
shafts, and surfaces bearing adhesive spikes.


