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Abstract

The results of activities carried out by the DeBeNe partners in 1988 have
been compiled in this report. The report begins with a survey of the fast
reactor plants, which is followed by an R&D summary. In an additional
chapter, a survey is given of international co-operation in 1988.

The 1989 KMK II experimental program will focus on the management of fuel
element failures. This includes in particular post-irradiation examinations
in the not cells and the THIBO experiments (thermally induced fuel rod
oscillation). For this program, nine permits were received in 1988 for tne
installation and operation of test systems, including a new facility for
localizing failed fuel elements. Increasing the purity of sodium is the
purpose of a cesium trap recently installed, and of modifications to an oxygen
probe operated for test purposes.

The SNR 300 project is being continued within the framework of the
"holding phase". The objective of this phase of operation is to keep the
reactor plant in the loading and operational states and execute planning
within the licensing procedure necessary to obtain the next partial permit.

RSD work was concentrated on fuel and materials development, safety,
physics, and components development. Part III of this report contains the
most important WZD activities of 1988. Materials for fuel, blanket, and
absorber elements were studied and further developed with a view to very high
burnup. 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.

In the sector of physics, the engineering design and tne nuclear design
of large breeders call for a reduction of the margins of uncertainty in
reliable predictions of the major reactor parameters. The development of the
joint European cell code, ECCO (European Cell Code) has progressed far enough
in the meantime to allow the criticality parameter, keff, of a cell
arrangement to be calculated with ECCO for the first time at UKAEA Winfrith,
the central agency for carrying out the development work.

One of the major aspects covered in safety studies is the complex of fuel
rod failures, loss of coolant flow, and power transients as possible causes of
accidents. Studies conducted into the management of credible accident
consequences were concentrated, among other topics, on tne behaviour of
aerosols, sodium fires, and the consequences of sodium-concrete interactions.
Another major topic dealt with was the removal of decay heat.

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
Alkem, Hanau

SCK/CEN, Mol
Belgonucleaire, 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 ä l'Energie Atomique entered into contracts in 1977
about close cooperation in the fast breeder field, to which the Belgian and
Dutch partners acceded.

The results of activities carried out by the DeBeNe partners in 1988 have
been compiled in this report. The report begins with a survey of the fast
reactor plants, which is followed by an R&D summary. In an additional
chapter, a survey is given of international cooperation in 1988.

15 * Translated by R. Friese.

I. SUMMARY

1. KNK II in Karlsruhe

KNK, the compact sodium cooled nuclear reactor, is a sodium cooled
experimental nuclear power plant of 20 MW electric power. For the past eleven
years, the plant has been operated at the Karlsruhe Nuclear Research Center
(KfK) with fast, i.e. unmoderated, reactor cores (KNK II).

While the fuel elements of the first core, KNK II / l , were identical with those
of the Mk.Ia first core of the SNR 300 in some main parameters, the elements
of the follow-on loadings, KNK II/2 and / 3 , correspond to the SNR 300 Mk.II



18 *yPe> which is characterized by a high fuel density, 7.6 mm fuel rod
diameter, and spark eroded grid type spacers. The first fast core had been
unloaded in 1982 after a peak burnup of 100,000 MWd/te.

The KNK II/2 core had reached the licensed period of 455 equivalent full load
days in 19S7. For this second core of KNK II, an extension of the in-pile
period has now been authorized. In December 1988, the Baden-Württemberg
State Ministry of Economics, in agreement with the State Ministries of the
Environment and of the Interior, issued the permit under which the operation
of KNK II, and the ongoing experimental program, can be continued from 455
up to 720 equivalent full load days, subject to certain conditions.

Initially, the KNK II/3 core was designed largely analogous to KNK II/2.
However, in the light of more recent experience it had become necessary to
initiate additional measures (including an increase in the number, and a
modification of the shape, of spacers) in order to prevent detrimental fuel rod
movements.

The 1989 KNK II experimental program will focus on the management of fuel
element failures. This includes in particular post-irradiation examinations in
the hot cells and the THIBO experiments (thermally induced fuel rod
oscillation). For this program, nine permits were received in 1988 for the
installation and operation of test systems, including a new facility for
localizing failed fuel elements.

Increasing the purity of sodium is the purpose of a cesium trap recently
installed, and of modifications to an oxygen probe operated for test purposes.
The only test permit still missing among those applied for is the permit
covering the installation and operation of continuous hydrogen and tritium
monitors. In the light of the present state of expert assessment this permit is
expected for the spring of 1989.

2. Kalkar Nuclear Power Station (SNR 300)

At Kalkar on the lower Rhine, the 300 MWe SNR 300 prototype breeder power
plant has been constructed by the Internationale Natrium-Brutreaktor Bau
GmbH (INB) since 1973. The owner of the plant is the Schnell-Briiter-
Kernkraftwerksgesellschaft mbH (SBK). Both firms are joint German-Belgian-
Netherlands enterprises; the national British CEGB also holds an interest in
SBK. 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.

The project is being continued within the framework of the "holding phase".
The objective of this phase of operation is more or less to keep the reactor
plant in the loading and operational states and execute planning within the
licensing procedure necessary to obtain the next partial permit.

Jn accordance with the conditions of holding operation, the sodium circuits
are run at a coolant temperature of approx. 240 °C and the cover gas
systems are in operation. For cost reasons, the plant compartments of the
sodium systems are vented, while inerting those compartments with N,, was

discontinued after the N„ systems had been fully commissioned. The
ventilation plants are in operation; the waste heat generated in the prenuclear
mode of operation is dissipated so that the permissible compartment
temperatures are maintained.

Already in 1987, moisture was removed from the basalt filling of the rotating
plugs of the reactor vessel and the sodium cooled fuel element store, except
for a permissible residual moisture level. In order to improve the situation
even further and anticipate the influence of nuclear operation, drying of the
top plug of the reactor vessel was continued in 1988. This practically
produced the expected H„ level in the cover gas during reactor operation.
This phase was followed tfy an examination of the components in the top plug
and cover gas areas. Evaluation of the results of this inspection confirmed
earlier positive findings.

Within the framework of the licensing procedure, status discussions were
resumed among all parties involved in the procedure (authorities, technical
inspectorate, vendor, and applicant). In these talks the plant status was to
be agreed upon. The status is recorded in the authority's list of pro memoria
items. In line with that list, all documents to be processed by the vendor
with respect to the next partial permit were completed by October 1, 1988 and
filed for expert examination.

On the whole, an assessment of the situation indicates that this last
construction permit is not likely to be issued before November 1989. This is
due in particular to the repeated escalations, by the authorities, in the
expert opinions yet to be submitted, with respect to both the contents and
the management of the contracts between the authorities and the expert
consultants.

Financing of the "holding phase" is guaranteed for 1989 and beyond, if and
insofar as required, up until late 1991. In taking these decisions, the
participants reconfirmed their assessment of the project within the framework
of European breeder development. European cooperation also opens up the
possibility to develop jointly a European safety standard in breeder
technology at the highest level.

3. Planning a Joint European Fast Reactor

The new goal of joint breeder development now being pursued is a European
Fast Reactor (EFR). In June 1987, several important European utilities, i.e.
SBK, EdF, CEGB, and ENEL, had set up a working association to promote
longer-term planning of the EFR. Following a suggestion by this European
Fast Reactor Utilities Group (EFRUG), the manufacturing industries, i.e.
INB, Novatome, NNC, and Ansaldo, established several working groups which
will elaborate a planning study by 1990 with the most important technical
features of the plant. A detailed design is to be worked out next. The admi-
nistrative details of this industrial cooperation, and the division of labor,
have meanwhile largely been defined.

This project will benefit from the results of the design drafts previously
completed for a German SNR 2, a French Superphenix 2 (SPX 2), and the
British Commercial Demonstration Fast Reactor (CDFR). Further planning of



those three facilities was stopped in favor of the EFR, which will greatly-
streamline the European breeder development.

The efforts made by EFRUG demonstrate the interest and the expectation of
the electricity utilities that commercially viable breeders can be developed
within the framework of European cooperation. Streamlining and harmonizing
the European R&D programs, and limiting these efforts to one instead of three
demonstration breeders, also helps to reduce development costs.

Between March and August 1988, a first consistent design (a conceptual
design draft) was elaborated for the EFR. The industries, i.e.
INB/Interatom, /BN, Novatome, NNC, and Ansaldo, presented this draft to
EFRUG on schedule in London on September 6, 1988, where it was received
positively. It contains a proposal for the most important technical design
features of the plant. Compared to earlier plans for the SNR 2, the following
features should be mentioned in particular: increased fuel burn-up, a reduced
number of components of the heat transfer systems, and a reduced reactor
vessel diameter, which means corresponding major savings in material.
Straight-tube steam generators have been planned for the EFR.

A number of design variants are being discussed with respect to the core
structure and the materials to be used. Axially heterogeneous core concepts
need greatly modified fuel rod concepts, which must be tested first for their
steady-state and non-steady state in-pile behavior.

With respect to decay heat removal, there may be differences between the
EFR and the SNR 2 insofar as the primary pumps of the EFR will be equipped
with pony motors and standby power supply systems, which means that the
design will be based on a smaller number of natural circulation cases of lower
probability of occurrence. The ILONA facility planned for tests of natural
circulation in the immersion cooler systems has been under construction by
Interatom since summer.

The primary containment of the EFR is to be optimized in such a way that the
static and dynamic loads and stresses resulting from a core disruptive
accident will not cause failure.

4. Research and Development Work

R&D work was concentrated on fuel and materials development, safety,
physics, and components development. Part III of this report contains the
most important R&D activities of 1988. They can be summed up as follows:

Materials for fuel, blanket, and absorber elements were studied and further
developed with a view to very high burnup. 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.

work on reactor physics, above all, focuses on critical experiments
conducted to determine the nuclear parameters of breeder cores, on evaluation
of the reactor physics data accumulated in the commissioning of breeders, the
preparation of improved nuclear data and joint European reactor physics codes

17 for nuclear core design, and contributions to design basis and safety
calculations.

One major aspect considered in safety studies is the complex oi" fuel rod
failure, coo'.int failure, and power transients as potential causes of accidents.
The behavior of aerosols, effects of sodium fires and sodium/concrete
interactions cortstituce another major point of research under this heading. To
meet tachnk:4 safety cril'üiu, e .g. , to ensure decay heat removal after
failure of the tertfa/y 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 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-break criterion for future
licensing procedures.

5. International Cooperation

Ever since 1967, Belgium and the Netherlands have cooperated closely with the
Federal Republic of Germany within the framework of the R&D Programs
Working Group.

The German-French breeder agreements of 1S77 have rosulted in close
cooperation with France. Under agreements signed since 1984, industries and
research institutions in Germany, the United Kingdom, France, Italy and
Belgium have combined their breeder activities. In the meantime, following a
proposal by EFRUG, the manufacturing companies INB, Nova tome, NNC, and
Ansaldo set up a number of groups in 1987, which are elaborating a design
for the joint European Fast Reactor.

In February 1989, an R+D agreement, an industrial agreement, and the
SERENA/FASTEC agreement were signed by the European partners.

The DeBeNe group and France so far have mainly cultivated trilateral
relations each with Japan and the USA, which have resulted in an information
exchange, the execution of joint projects, and the delegation, among others,
of German experts to foreign research teams in a number of areas of breeder
research. For the future, the partners will seek to achieve joint agreements
for cooperation in breeder R&D between Western Europe and Japan, and the
USA, respectively.

In 1988, several meetings were held In order to exchange views abo^it modular
liquid metal cooled reactors, new metal fuels and fuel cycle processes under
development in the USA.

Under the German-Soviet agreement of April 1987, some visits and meetings
on breeder reactor experience took place in the Federal Republic of Germany
and in the Soviet Union in 1988.



10 Through the International Working Group on Fast Reactors (IWGFR) of IAEA a
limited exchange of knowhow and experience has been organized with other
countries. International conferences support the development of breeders
worldwide, especially in the safety sector.

II. REACTOR PROJECTS

1. KNK II Experimental Breeder Power Plant

1.1 Reactor Cores

The second core of KNK II had attained the licensed 455 equivalent full load
days of operation in 1987. The main preconditions for a permit to be granted
for an extension of the operating life (demonstrations of technical safety,
positive expert opinion , public involvement) existed already in 1987. The
long delays in the forthcoming of the permit were due exclusively to the
complications caused in the licensing procedure by the effects of the fuel
element failures, which had occurred in the second core, although ft had
generally been accepted that they had not impaired the safety of the plant.

On December 20, 1988, the Baden-Württemberg State Ministry of Economics, in
agreement with the State Ministries of the Environment and of the Interior,
issued the permit of continued operation of KNK II from 455 to 720 equivalent
full load days, and of the ongoing experimental program, subject to certain
documents and conditions (among them low-power operation for an initial
period). Further operation includes the following steps:

Addition of up to four driver elements (Mk.I and Mk.II) as a reactivity
reserve Instead of reflector elements.
Use of new control shim elements and secondary shutdown elements, one
of them a test control shim element with depressurized absorber rods.
Addition of a materials test element.

After the concept had been generally accepted in the second half of 1987 that
thermally induced movements of the tuel rods had been causes of damage, it
became possible to demonstrate that further operation of the core would
observe existing radiological and technical safety limits despite the wear
marks. The results of post-irradiation examination in the hot cells confirmed
the fact that a certain depth of wear marks cannot be exceeded because,
otherwise, there would be fuel rod failure and the fuel element would be
replaced. As the depths of wear marks are distributed randomly, in general
only one fuel rod will turn defective. Consequently, the safety of the fuel
elements is ensured in normal operation of the plant.

For special defects assumed in the demonstrations of plant safety (emergency
cooling case and thermal shock case) it has been shown that the number of
rods turning defective in those cases will be far below the radiologically
permissible number of failed rods.

All these demonstrations were submitted to the experts of the Baden Technical
Inspectorate (TÜV) and the Advisory Committee on Reactor Safeguards (RSK)
In December 1987 and January 1988. The Technical Inspectorate made them
the subject, of an additional expert opinion in May 1988 about the expert
opinion covering the extension of operating life.

In the course of the negotiations before the Advisory Committee on Reactor
Safeguards it had been recommended to run the reactor core in a lower power
mode during the extended service life. As an example, a potential power
reduction to 60 % of the rated power was mentioned. In order to arrive at a
decision about this possibility, the authorities again requested the RSK for a
comment. The Sodium Group of the RSK met on August 2, 1988, RSK on
September 21, 1988.

While these activities were going on, it also had to be demonstrated in the
autumn that accidents of the kinds encountered in a steam generator of the
British PFR and in the Spanish solar power plant of Almeria cannot occur in
KNK II. In the PFR steam generator, 40 tubes had been destroyed in an
accident, and in Almeria a sodium fire had given rise to unexpectedly high
temperatures. The design of the steam generators of KNK II differs basically
from that of the PFR steam generators, and adequate provisions against a fire
have been made at KNK II.

The third core of KNK II was designed initially largely in analogy to the
second core. In the light of more recent experiences it became necessary to
initiate additional measures (including an increase in the number of spacers of
a modified shape) in order to prevent detrimental fuel rod movements. These
activities will be completed in 1989. The design basis reports of the third
core, which were also revised, have meanwhile been passed on to the
Technical Inspectorate for expert evaluation.

1.2 KNK II Experimental Program

In 1989, nine permits were obtained for the installation and operation of test
systems within the framework of the KNK II experimental program. These
include one new facility each for the localization of failed fuel elements and
for tests with free fuel surfaces, which are to improve the detection of fuel
element failures. A cesium trap installed recently, and modifications applied to
an oxygen probe installed for experimental purposes, serve to increase the
purity of sodium. Out of the permits for experiments applied for, only one is
still missing, namely that for the installation and operation of continuous
hydrogen and tritium measuring instruments. In the light of the present state
of expert assessment, this permit is likely to be issued in the spring of 1989.

Fabrication of the following experimental systems has been completed:
cesium trap,
experimental plug with an inherently safe shutoff switch,
experimental plug with a UNi surface,
equipment for viewing under sodium,
ultrasonic level probe.

The 1989 KNK II experimental program will focus on the management of fuel
element failures. This includes in particular post-irradiation examinations in
the hot cells and the THIBO experiments. These out-of-piie experiments are
being performed in order to explain the origin of the wear marks found in
KNK II fuel elements; in a sodium loop with special instrumentation, helical
rod movements were shown to arise due to mechanical and thermal conditions
typical of KNK II.



Interatom, in cooperation with KfK, runs extensive experiments on the
detection and localization of failed fuel elements. A system of detection units
has already been installed for this purpose, which are being improved
continuously in the light of experience, e.g. , with free fuel surfaces. In
addition, the fuel element monitoring system is being tested.

Some of the problems encountered in the second core of KNK II must, be
traced back to deposits on the fuel rods. Within the framework of the test
program, chemotechnical investigations therefore will have to be intensified.
These include improvements in the analytical sector (continuously measuring
instruments) and the installation and examination of traps.

One type of investigations to be carried out can be performed only with the
plant in operation, while the others can be carried out only with the plant
shut down. Suitable planning therefore will make it possible to run the pro-
gram largely independent of the mode of operation of KNK II.

In KNK II, when the plant was shut down and undergoing in-service
inspections, the linkage of the secondary shutdown system was found to
stick. This effect in the linkage did not affect its shutdown function. The
reactor is still down. The linkage, which has been in operaton since 1976,
will be replaced by existing standby linkages.

2. Kalkar Nuclear Power Station (SNR 300)

2.1 Planning and Management

The Kalkar nuclear power station project is being operated in line with the
project goals set up for the "holding phase". The main purpose of this phase
of operation is to keep the reactor ready for loading and in an operational
state and to do the planning work within the licensing procedure necessary to
secure the next partial construction permit, called permit 7/6.

Within the holding phase, all assembly and commissioning activities to be
carried out under this permit, were arranged in a working schedule. These
activities, most of which must be carried out before nuclear operation is
started, result from the pre-nuclear commissioning tests, which mainly include
the following steps:

Backfitting the ventilation system of the reactor building: Planning this
additional ventilation system with the attached cold water circuit has
been completed up to the ordering stage and frozen at this point until
the above mentioned permit 7/6 will be issued. The application for the
permit also includes changes in the activity flow within the reactor
building during normal reactor operation, and fire protection measures in
the compartments for reactor instrumentation.
Additions to physical plant protection.
Various minor changes in process technology.
Modifications to the ventilation system of the auxiliary systems building.

2.2 SNR Assembly Work and Pre-nuclear Commissioning

The moisture in the basalt bed of the rotating reactor plug was reduced to a
1Q permissible level by specific drying at a sodium temperature of 420 °C, which
I" was finished in January 1987. In the nuclear power mode of operation, this

would limit the rate of moisture ingress into the cover gas plenum of the
reactor vessel to less than 175 g/d. On the basis of this expected value, a
program of materials studies is being carried out in which the impact on the
components surfaces in the plenum region of the formation of reaction
products due to this rate of moisture ingress will be demonstrated. This
program of studies has not been completed in 1988; its final evaluation was
made in early 1989.

In early 1988 it became clear that permit 7/6 would not be issued in 1988. In
order to make use of the holding phase, another step was then taken to
remove the moisture from the basalt bed of the rotating reactor plug, thus
anticipating the effect of drying in nuclear power operation (higher
temperature of the plug).

A temporary system was installed to pass argon over the basalt bed and
scavenge and precipitate the moisture absorbed by the argon stream. In this
mode of operation, the sodium coolant temperature was 420 °C. Approximately
95 kg of moisture was removed in total. Assessment of the residual basalt
moisture shows that the rate of moisture ingress into the cover gas plenum
will be less than 30 g/d during nuclear power operation, which corresponds
to an H, concentration in the cover gas of approx. 10 vpm and,
consequently, meets the target. These data document that this additional
drying step anticipated the drying phase originally planned for the nuclear
mode of operation. After the second drying step, the cover gas plenum was
inspected, which confirmed the positive results of the inspection made after
the first drying campaign.

In order to determine the temperature of the rotating plug system during
power operation, the component temperatures were measured once more at
sodium temperature of 240 °C and 420 °C. The results will be incorporated in
the development of the program. This allows the basis to be improved on
which to assess the temperature and the stability of the vessel/rotating plug
system in a subsequent phase.

Within the framework of pre-nuclear commissioning, the volumes and
temperatures of room air were finally measured in the auxiliary systems
building and evaluated in the light of normal power operation. The resultant
changes were incorporated in the application documents and filed for expert
evaluation. Except for a few necessary adaptations, the planned design of the
ventilation systems was confirmed.

The coolers of all recirculation cooling systems, which are permeated by water
from the river Rhine, were examined for corrosion damage in an extensive
program of investigation. This step became necessary after pipe leaks had
been found in the cooler of the component circuit for recirculation cooling of
the systems used to inert the compartments. The cooler tubes involved are
made of CuNilOFe. Examination has shown that, except for the cooler for the
component cooling circuit, all other units had to be cleaned and overhauled in
a cleaning step using Taprogge corundum spheres.

To determine the condition of the coolers, the pipes of the component cooling
circuit cooler were subjected to an eddy current test. The result shows that
the tube bundles of the 2 x 100 % units are in need of complete overhauling.



20 The concept for this overhauling step will be elaborated as far as the
ordering stage; modification work will be started after the 7/6 permit has
been received.

Within the framework of tests of the Viscoseal system used in the main sodium
coolant pumps, test rig experiments were conducted under the conditions
following an accident caused by external impacts. The tests were run in order
to demonstrate functioning of the seals at the cover gas pressure of 0.9 bar
arising as a result of the accident. The tests were concluded with a positive
result; the modified components were delivered for a pump to be tested at the
Kalkar nuclear power station. Plant operation will be started with this
modified sealing system; in late 1988, the North-Rhine-Westphalian Ministry of
Economics, as the licensing authority, approved the installation and trial
operation of the seal.

2.3 SNR Licensing Procedure under the Atomic Energy Act

Work during 1988 was concentrated on the 7/6 permit in the broadest sense of
the term. The licensing authority had demanded in December 1987 that the
storage of core elements be taken out of the original application and, after
more than one year of interruption, resumed the status discussions. Although
it was possible to clarify the state of affairs in detail with respect to the
items covered by the application, no general progress was made in the
proceedings. This was due to several reasons:

The licensing authority did not accept even the modified scope of the
application either. Despite the instruction expressed by the Federal
Ministry for the Environment, Protection of Nature and Reactor Safety in
spring last year, it wants to expand the scope of the application at least
by those modifications which have already been made on the construction
site after examination by the experts and with knowledge of the
authority.
By commissioning the appropriate expert opinions, the licensing authority
links items filed with respect to permit 7/6 with those of nuclear
operation permit 7/7.
The licensing authority established technical links between items filed
under permit 7/6 and the sodium fire in Almeria, the steam generator
accident in the PFR, and the leak in the storage vessel of the SPX; in
this way, the clarification of those issues, and the passing of expert
opinions on them, have become licensing preconditions for permit 7/6.
The licensing authority presented a long list of topics about the
preliminary positive general decision. The discussion about the required
depth of investigation has not progressed. The Federal Minister for the
Environment will make his "opinion known on this aspect. However, the
topic of Chernobyl is already the subject of an action brought by the
licensing authority before the Federal Constitutional Court in a move to
counteract the instruction by the Federal Government. On a different
subject, the core disruptive accident, an extensive document has been
presented by the State Ministry of Economics as a comment counteracting
the corresponding comment submitted within the framework of the federal
supervisory function.
Although the State Ministry of Economics, too, had stated in October
1988, in a discussion with the Federal Ministry for the Environment, that
the applicant had submitted all documents on the items contained in the
application for the 7/6 permit so far requested, the licensing authority
went back on that statement on December 1, 1988.

The Committee on Reactor Safeguards (RSK), an advisory committee to the
Federal Ministry for the Environment, and its special subcommittees were
mainly concerned with the following items in the period under review:

The release of moisture from the reactor plug,
power supply to the first part of the reactor protection system,
in-plant protection against emergencies (accident management).

No major open points arose in those deliberations; the discussions can be
brought to a positive conclusion in the near future.

In 1989, work specific to the permits will focus on the following aspects:
Discussion with the comment on the core disruptive accident submitted
by the licensing authority.
Dealing with the open points in the list of topics covering the
preliminary positive overall assessment.
Conclusion of the expert opinions about the topics covered in permit 7/6.
Final clarification of procedural questions between the Federal Ministry
for the Environment and the licensing authority.

3. SNR 2/EFR Planning

3.1 SNR 2

Planning work for the SNR 2 was brought to a preliminary conclusion in early
1988. Th«i results are documented in working reports and planning criteria for
systems and components and constitute a basis for the conceptual planning of
a joint European Fast Reactor EFR.

The findings confirm the principal feasibility of the passive safety concept in
the most important points, in particular:

The feasibility of a decay heat removal system with natural convection.
The feasibility of an in-vessel core element store cooled by circulating
sodium.
The feasibility of a reactor plug, which can do without an active cooling
system in accident situations.
Minimization of the emergency power requirement such that there is no
need to install emergency power diesel systems to back safety related
functions.
Feasibility of core element handling under sodium.

At the same time, this stage of planning allows the R&D problems to be
identified which are required to further support and optimize the concept,
e.g. , the definition of

R&D activities on the reactor plug,
a test program for a sodium-air heat exchanger with natural circulation
on the sodium and the air sides,
R&D program for handling the core elements under sodium.

R&D projects either started or planned will be adapted to the criteria
contained in EFR planning, which has been started in the meantime.
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3.2 The European Fast Reactor. EFR

In line with an agreement concluded to this effect among the European Fast
Reactor Utilities Group (EFRUG), the manufacturing companies of Ansaldo
(AN), National Nuclear Corporation (NNC), Novatome (NOV), and
INB/Interatom began, in the spring of 1988, to work on the conceptual design
of the nuclear steam supply system of an EFR.

The conceptual planning phase had the following objectives:
Establishing a joint harmonized concept, as far as possible with technical
backing, which can be expected to create the preconditions for the
licensability of the plant in the countries- involved.
The preconditions must exist for safe and reliable operation.

Economic criteria will be used as a basis for deciding on concept
variants. Cost analyses must be performed for the entire concept.

This conceptual planning phase is followed by a detailed planning phase
extending over a couple of years, by the end of which the preconditions for
a construction decision should have been defined.

On the basis of the national concepts planned for the CDFR, SPX 2 and SNR
2, and the list of technical variants for an EFR elaborated in a joint working
group, a First Consistent Design (FCD) was elaborated and presented to
EFRUG and the R&D agencies on September G, 1988. A program of work
concerning further EFR planning was drafted in the light of the reactions of
the utilities.

Economic considerations are being pursued in addition to further optimization
and working on the details of the design concept. Some important technical
topics are being discussed with the utilities, who are participating in
discussions in important areas.

In addition, also the R&D programs are being adapted to EFR needs. Project
oriented R&D topics were identified and harmonized with the R&D
organizations.

3.2.1 Organization and Division of Labor

The conceptual planning of the EFR is being carried out at the sites of the
European manufacturing companies. So-called Engineering Work Packages have
been defined for the execution of the work.

Joint working groups, in which all partner companies are represented, have
been set uj> to deal with general engineering activities, such as

technical integration,
safety issues,
working methods and rules, and design rules.

Cooperation especially in the fields of safety and design rules and structural
analyses had been agreed upon earlier and will be continued for the EFR.

3.2.2 Technical Design Features of the Frist Conceptual Design (FCD)

Compared to the plans for the SNR 2, especially the following items must be
mentioned: A smaller number of components in the heat transfer systems and
a reduced diameter of the reactor vessel, with corresponding major savings in
materials. The decay heat removal system, the concept of immersion coolers
and their arrangement in space as well as the cooling of the reactor roof are
still subjects of discussion with EFRUG. Straight-tube steam generators are
planned for use in the EFR.

3.2.3 Adapting R&D to the EFR

Compared to the SNR 2, SPX 2, and CDFR plants, the EFR has a number of
novel design features which need to be backed by experimental work. When
work was begun on the FCD the European R&D organizations were already
informed of these features. This allows ongoing R&D programs to be adapted
in time.

Key areas identified together with EFRUG were the core, the thermohydraulics
of the primary system, the steam generators, the decay heat removal system,
and in-service inspections. Together with the R&D side, the manufacturing
companies have adapted their respective R&D programs accordingly since late
1988.

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 1988.

1. Core Elements

Materials for fuel elements, blanket elements, and absorber elements were
studied and further developed. One major objective in these efforts was the
extension of the in-pile time of components in order to reduce the operating
costs of breeder plants.

Post-irradiation examinations of the first Mk.II fuel element of the SNR-
Pheiiix-l in-pile experiment have been terminated at CEA. Wear marks were
found on the fuel rods and the spacers, but they did not cause rod failure.
Checks on the rod diameters showed very favorable, i.e. low, swelling under
neutron irradiation for 1.4970 type sceel with a higher silicon content. Despite
the high burnup, eddy current measurements showed only symptoms of slight
internal corrosion. The OKOM fuel of Alkem used here for the first time in
the typical flux of a breeder reactor worked satisfactorily. In late October,
disassembly of the second element of the SNR-Phenix-1 experiment began in
Marcoule.

In the Mk.II test assembly design for the SNR 300, the fuel rod/spacer
interaction encountered in the operation of Phenix and KNK II will be taken
into account. That experience has shown the need for the fuel rods to be



22 supported in the bundle without any clearance. For the Mk.II test elements
with grid type spacers, a number of test variants therefore have been taken
into account. It is also being considered to use Inconel 718 or 1.4914 as
materials for the spacers. In all test element variants, the number of spacers
will be increased in order to improve fuel rod guidance also in this way.
However, a major increase in the number of spacers is prohibited by the
limits to pressure drop in the SNR 300.

Thermohydraulically induced fuel rod oscillations were detected in out-of-pile
experiments. Fuel rods and spacers from failed KNK II/2 fuel elements show
pronounced wear phenomena, which are traced back to thermohydraulically
induced helical oscillatory movements of the fuel rods. In an attempt to study
this presumed unstable fuel rod behavior, the THIBO experiments are carried
out in a sodium loop of KfK with an electrically heated test rod in a ring
shaped channel. It was possible to produce the expected variations in cooling
channel temperature and the corresponding periodic movements of the test rod
under certain conditions and to influence them by changing some operating
parameters, especially the radial clearance between the test rod and the
spacer pads at the different support levels.

Pore swelling and radiation induced creep of fuel element steel varieties was
compared in in-pile experiments in the Phenix and FFTF reactors. In the
French-German MATHUSALEM in-pile experiment in the Phenix reactor, the
swelling and creep characteristics of the fuel rod and fuel element wrapper
tube materials of the second generation typical of FFTF, Phenix, and SNR 300
were compared. At the same time, the same materials were irradiated in a
higher range of temperatures in FFTF (MONIX experiment). While 1.4970 kv
type steel showed the best results with respect to resistance to swelling and
creep in the MONIX experiment (605 - 670 °C), the SNR material is only
approximately as resistant as the CEA and FFTF types of steel in the
temperature range of MATHUSALEM (390 - 500 °C). One explanation of this
behavior lies in the fact that especially the cold worked 1.4370 steel has its
swelling peak at low temperatures, close to 450 °C, and the peak dose of
MATHUSALEM irradiation was precisely at this temperature.

Swelling of cladding materials under irradiation can be diminished by silicon.
It was found in a number of In-pile simulation experiments on the swelling
behavior of austenitic 15Cr-15Ni alloys that an elevated silicon content
reduces swelling. This statement was fully confirmed up to 85 dpa (NRT) in
the French-German CHARLEMAGNE bundle experiment in the Phenix reactor;
the high- Si/Mo variant showed clearly lower swelling deformation especially in
the 400 - 500 °C temperature range. Subsequent electron microscopic
examination indicates that the reduction of swelling is due to reduced pore
formation. The good swelling characteristics, above 450 °C, of 1.4970 kv type
steel are retained after the addition of silicon and are even improved by the
damping of the low-temperature swelling maximum. For the PFR-M2 in-pile
experiment, in which pressure tubes made of austenitic SNR reference materi-
al are loaded, the same information can be obtained on swelling and creep of
a number of variants of 1.4970 type material.

Three steel varieties were examined in annealing tests designed to study the
corrosion sensitivity of cladding materials relative to fission products. To
simulate the oxygen potential expected at high burnup, cesium telluride
(Cs2Te) and an oxygen donor, such as FeO or NiO, was used. Annealing in

gas-tight capsules was carried out at 600 °C and 700 °C over 25 and 100
hours. Under all experimental conditions, the corrosion induced decrease of
wall thickness was a minimum in the case of Inconel 800. This was followed by
the 20/25 CrNi alloy under development, which behaved only slightly better
than the 15/15 CrNi reference material. Maximum weakening of the wall
thickness was shown by martensitlc 1.4914 in connection with NiO as the
oxygen donor and at the higher test temperature of 700 °C. As the behavior
of the steel varieties depends very much on their pretreatment, all
subsequent tests will be run on materials which have undergone different
pretreatments.

Fuel density is a factor of decisive importance to the operating behavior of a
fuel rod. This has been confirmed by post-irradiation examinations of the
DUELL and KAKADU experiments in the Petten HFR. Fuel of low density is
more problematic than fuel of high density, with respect to both internal
cladding corrosion and mechanical interactions. This is associated with the
differences in relocation behavior at different fuel densities. This relocation
causes the early release of volatile, reactive fission products, which give rise
to cladding corrosion, and also provokes early closing of the fuel/cladding
gap, which can produce early mechanical stresses on the cladding in load
cycling operation. These observations have given rise to the following
consequences with respect to fuel rod design:

The fuel density should be above 95 % TD with respect to internal
cladding corrosion and mechanical Interactions. Low density, e.g. ,
favors ovalization of the fuel cross section.
The gap between the fuel and the cladding should be es small as pos-
sible. It should merely compensate the thermal expansion of the outer
fuel ring, which cannot be strained. Large gap widths produce effects
similar to those caused by low fuel densities.
The void volume necessary to compensate for fuel swelling (and also for
the thermal expansion of the hot inner fuel cross section, which can be
strained) should be concentrated in the center (annular pellets). A
central hole reduces fuel fragmentation and fragment relocation in power
rises.
A stable cladding is better than a soft one. Any additional volume
generated within the cladding is a void which can be activated, causing
additional fission product releases and internal cladding corrosion. One
drawback of the harder cladding is its greater susceptibility to stress
corrosion cracking, if there are mechanical interactions. However, if the
stress remains below the yield point, and if there is no fission product
condensate on the cladding, the situation is not critical.

SCK/CEN studied the startup behavior of fuel rods in the FARFADET in-pile
program, important experimental objectives being the chemical and mechanical
fuel/clad interactions as a function of the filling gap, the fuel sintering
density, and rod power and fuel temperature. The FARFADET experiments
indicated the importance of the radial fission rate density with respect to fuel
relocation and restructuring phenomena and also to the mechanical fuel/clad
interaction. Comparison with the results of the DUELL, KAKADU, POTOM
irradiation series, on the one hand, and with FARFADET, on the other hand,
showed the temperature gradient in the hot fuel central zone to clearly
determine incipient fuel melting and fuel distribution.
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Several experiments in the POTOM series were carried out at the Petten HFR
in order to determine the power-to-melt in fuel rods; these experiments were
carried up to fuel meltdown. They involved shortterm irradiations, which were
terminated when maximum power had been reached. Post-irradiation
examinations largely confirmed the predictions in model theory about the
power-to-melt and the extension of the fuel melt. None of the fuel rods
showed any indications of incipient fuel failure.

In cooperation with NUKEM, a method of preparing high-density ceramic
structures has been under development for a couple of years in which the
usual process steps of powder metallurgy, such as pressing, high-temperature
sintering, grinding, etc. are replaced by a metJiod of hot impact compaction.
This technique promises to simplify the fabrication of breeder fuel. After the
basic feasibility of this method in producing UO„ pellets had been proved in a
laboratory-scale facility, a prototype plant was built in which high-density
UO- pellets were to be manufactured in cycles of a few seconds. That facility
was operational in late 1987, but could not be started up at NUKEM before
May 1988 because of the revocation of NUKEM's permit. Approximately
2000 - 3000 UO„ pellets were prepared in several batches, a successful
demonstration di the functioning capability of the plant.

Carbide development at KfK has been terminated. On the basis of many years
of development work, a reference concept for mixed carbide fuel elemnts had
been elaborated already at an earlier stage. In the meantime, this has been
tested successfully in KNK II in a 19-rod test bundle over an in-pile time of
356 equivalent full load days at 800 W/cm maximum rod power per unit length.
Despite numerous load cycles and prolonged part-load operation, a burnup of
approx. 7 % fima was achieved without any rod failure.

2. Reactor Physics and Nuclear Core Design

In the sector of physics, the engineering design and the nuclear design of
large breeders call for a reduction of the margins of uncertainty in reliable
predictions of the major reactor parameters.

The development of the joint European cell code. ECCO (European Cell Code)
has progressed far enough in the meantime to allow the criticality parameter,
k y-, of a cell arrangement to be calculated with ECCO for the first time at
UKA.EA Winfrith, the central agency for carrying out the development work.
In this pilot application, however, the nuclear data base used still was a
group constant library obtained by transformation from the FGL5 library in
the UK, while the final version of ECCO is to be coupled to a data base
derived from the JEF-2 nuclear data library. ECCO has been further
developed in steps in 1988.

In the light of the preparatory work completed in 1987, product planning was
started in 1988 for the ERANOS European neutron computer program system.
The planning team consisting of one delegate each from CEA and UKAEA as
well as staff members of Interatom conducted interviews with user groups and
competent representatives of industry and the research centers in France,
Italy, the UK, and Germany. The information accumulated in this way has
enabled business analyses to be performed in which the mode of operation
required by the users was modeled and the corresponding requirements to be

met by the information system under development were derived. These
preliminary user requirements were compiled in a document titled "Users'
Requirements Definition Document", which is to be the binding basis of the
subsequent development of the software requirements.

The SNEAK 12B material relocation experiments ^Fig. 1 and 2) carried out at
KfK in 1983/1984 have been evaluated. The experiments had been conducted
to determine reactivity repercussions which may be caused, e.g., by fuel
relocation in severe accidents. Fission ratio distributions were measured by
means of fission chambers and activation foils, and in one case the
distribution of the U238 capture ratio was measured with activation foils. Some
of the fission ratio distributions were compared with calculations. In the
undisturbed arrangement, diffusion calculation was (unexpectedly) found to
be superior to transport calculation; axially perturbed assemblies are
described more effectively by the transport calculation, while radially
perturbed ones are described only unsatisfactorily even by the transport
calculation. The perturbed assemblies under investigation were axial and
radial slump-out configurations, molten pool configurations, and a large radial
relocation.
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FIG.2. Neutron flux distribution in the 46.5-400 kwV energy group for various compact core versions.

Evaluation of the SPX control rod experiments, for which DeBeNe data and
methods were used, in 1988 concentrated on a refinement of the methods of
calculating1 the so-called MSM correction factors. These correction factors must
be applied to the raw experimental results in order to take into account
adequately changes in the effective strength of the inherent source and the
detector sensitivities in the different control rod configurations. For normal
symmetrical control rod configurations, the influence of this refined
calculation was found to be slight.
After recalculation of ß „ and the MSM factors, the experimental values of
the absorber effectivenesses measured In the commissioning phase of SPX have
been modified. The data calculated by means of the MOCA 3D Monte Carlo

transport code agree with the measured data within a band of 0.05. Data
calculated by diffusion methods are approximately 20 % higher than those
found experimentally; the discrepancy can be reduced by the application of
transport corrections. However, it is assumed that calculation of the 33
dummy elements needs to be improved.

Recalculation by merns of the DEGEN 3D diffusion code of the axial and radial
fission ratio traverses measured in the SPX resulted in good agreement in the
core region (examples can be seen in Fig. 3 and 4). The use of simpler
methods of calculation, such as the KASY synthesis program, but also D3E,
produced less favorable results, which are assumed to be due to the less
efficient calculation of the effectiveness of control rods partly inserted.
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FIG.3. Comparison of measured and calculated axial fission traverses of 23gPu and 238U in an inner
core position of the SPX.

T l INNER RODS AT (.6 6 CM

OUTER RODS AT i 6 . 6 C M

10 40 60 100 WO

RADIUS CCrt)
i to no loo

«

s

o

o

O •

~™ o
< • -

C *
OC .

Og

o
Li» • *

<°
Q: .

o

o
t— a
O K

UJ
tr •

o

o"

o

o

o

o

<! t

T ? INNE

OUTEF

? ROD

X ROD

\

V*

S AT 38.9 CM

S AI b U . V L 1

1

0 CAiCul A I I O N

\

\

\

\
>>

RADIUS CCM]

FIG.4. Comparison of measured and calculated radial traverses of 238U in the SPX.



25 In core optimization for the EFR. a comparison consistent with respect to the
methods and boundary conditions used was made between a homogeneous and
an axially heterogeneous core. Both cores had the same numbers of fuel
elements. The homogeneous core had 140 cm height of the fissile material,
While the axially heterogeneous core had 120 cm height of the fissile material
and a blanket layer of 20 cm thickness displaced downward by 10 cm from the
core mid-plane. The following differences can be found in the transition from
the homogeneous to the axially heterogeneous core:

Maximum power per unit length + 0,
burnup reactivity loss - 30 %,
sodium void effect + 10 %,
dpa-burnup ratio - 7 %,
total breeding gain + 0,02.

3. Fast Reactor Safety

One of the major aspects covered in safety studies is the complex of fuel rod
failures, loss of coolant flow, and power transients as possible causes of
accidents. Studies conducted into the management of credible accident
consequences were concentrated, among other topics, on the behavior of
aerosols, sodium fires, and the consequences of sodium-concrete interactions.
Another major topic dealt with was the removal of decay heat.

The SIMMER code is under further development. This safety calculation pro-
gram had been adopted from LANL a couple of years ago. To improve SIM-
MER, an evaporation and condensation model for hot fuel/steel mixtures is
being developed within the framework of the Advanced Fuid Dynamics Model,
in which the concentration gradients in the vapor phase play a major role.
The mass flows induced by the concentration gradients have convective and
diffusive parts, which must be determined by integration of the conservation
equations. Because of the high mass flow densities to be expected under
accident conditions, the convective part must not be neglected. Some first
results are now available for the fuel/steel system at a total pressure of 5
bar.

Liquid UO„ is a strong absorber of heat radiation. With a view to major
accidents, ''the optical constants of liquid UO„ were determined from reflection
measurements in the near infrared range. A laser pressure spherical
reflectometer was used to measure the reflectivity of the specimen surface
under polarized light and, in this way, calculate the refractory index and the
absorption constant of the material. For various angles of reflection,
consistent values were found in the temperature range of 3100 - 4000 K.
Liquid UO,, turns out to be a strong absorber also in the near infrared
range, i.e. it is almost opaque to thermal radiation. This confirms the result
of earlier measurements in the visible spectral range, which had indicated
that radiative heat transport does not contribute greatly to the heat transfer
by liquid UO2.

The 32 experiments run in the CABRI thermal test reactor by late 1986 were
devoted to the behavior of breeder mixed oxide fuel rods, with various
previous irradiation histories, under power transients (TOP) without and with
loss of flow (LOF) in single-rod experiments. Among the factors measured
were the Pu concentrations in the fuel, fuel entrainment in the coolant, and
melting of the cladding tubes.

Fission product cesium is important in interpreting the results of fuel rod
transient experiments. To improve the description of the Fuel Disruption
Experiments in the ACRR reactor (Albuquerque, NM, USA), the LAKU fission
product gas computer code was expanded by a model of steady state and
transient cesium behavior. In line with the experiment, the results show that
Cs contributes greatly to early rupturing of the fuel.

Some first results of the Mol 7C/6 cooling blockage experiment are now
available. The experiment was run in the BR2 sodium loop on June 20 - 22.
Only some 44 s after the onset of the transient, the temperature level caused
automatic reactor scram with the bundle preirradiated in KNK II. The extent
and the high rate of development of the failure apparently corresponded to
the higher burnup of Mol 7C/6 (10 %) compared to Mol 7C/4 (5 % burnup).
The instruments of the test bundle worked satisfactorily, especially in the
detection of delayed neutrons. An underwater gamma spectrometer was used
to measure the activity concentration of the fission products entrained in the
sodium, thus furnishing valuable data for determining the radiological cource
term in major accidents.

In early 1988, the THINA (thermite injection in sodium) facility was
commissioned at KfK (see Fig. 5). Tha necessary injector technique had been
developed. The facility is used to explore events likely to occur in
hypothetical core disruptive accidents. Under those condition;;, the breeder
core is assumed to melt partly, and the melt consisting of fuel and structural
material is assumed to be discharged into the upper sodium plenum. A major
test object is the interaction occurring between the melt and the sodium. The
core melt proper is simulated by a thermite melt of aluminium oxide and iron
up to 3000 "C hot.
The heart of the THINA facility is a tank of 0.3 m diameter and 5 m height to
hold liquid sodium. The thermite melt is injected into the sodium under a gas
pressure; this produces flow rates of the melt of up to 20 m/s. The events
going on during the injection of the melt, such as the propagation in space
and the interaction with the sodium, are recorded on high-speed films by
means of four X-ray cinematographs. In addition, the curves of pressure,
temperature and void formation are recorded as a function of time.

Sodium fire experiments conducted in the FAUNA facility at KfK following a
suggestion by CEA Cadarache confirmed new approaches to be used in a
program of calculating sodium fires. The Reynolds number of the sodium jet is
of particular importance in this connection because it represents mainly a
measure of the sodium flow. The advantage of these approaches lies in the
use of integral quantities", which obviated the need to fall back on the
characterization of such intangible quantities as, e .g . , droplet diameter and
jet cone. The experiments run with the jet directed upward proceeded
according to expectations, confirming the extensive background of experience
existing in the field of jet fires. The downward experiments in a collection
tray indicated the tremendous influence of geometric conditions (e.g. , free
path of the jet, obstacles). In some cases, the burning sodium jet was even
extinguished.

The effects of sodium spray fires are clearly more pronounce;! than those of
pool fires. KfK has summarized in a report with comments the results of more
recent spray fire tests in its own FAUNA facility and the corresponding
programs in the USA, Japan, and France. Unlike pool fires, spray fires cause
the sodium to be oxidized mainly in the airborne mode.



FIG.5. The THINA facility.

Although the experiments described differ greatly in terms of experimental
conditions, the effects do not differ too widely:

The highest temperatures are achieved in the spray cone, i .e. , in the
direct flame zone. The temperatures encountered here are around
1000 °C. Peaks of around 1300 °C will occur briefly, but are not

27 uncommon.

Outside the direct influence of the spray cone, the temperatures will be
around G00 °C and even higher in some spots, e .g. , right above the
sodium outlet.
As a function of the sodium discharge rate, peak pressures of 1-2.5 bar
overpressure are measured in the first few seconds. At low discharge
rates and in large containments, the overpressure will be lower.

In spray fires, at least 30 % of the sodium must be expected to react withjn a
few seconds. For the aerosol generation rate, levels of 1500 - 200 g/m of
mass concentration are n.ot unusual. These high mass concentrations drop to
5 g/m within approximately ten minutes.

Interatom continued their test calculations with the NABRAND computer pro;
gram. Special mention must be made of the SOFICÖV experiment, SÄi
(HEDL), which was selected as the benchmark test for international
development of a sodium fire code. After an extensive analysis of the test
documentation, first a data set derived from the experimental data was used
for calculation. Next, other setups taking into account existing uncertainties
in the test documentation by modifying the input data, and the test
characteristics (formation of NaOH) which cannot be modeled in NABRAND, by
equivalent constructions, were developed in an attempt to improve the
agreement between calculation and experiment. A first evaluntion has been
made of the results obtained by the other R&D partners using different model
setups. It was seen that the margin of interpretation of the experimental data
is also reflected in the theoretical findings.

The release of aerosols under accident conditions is being clarified in realistic
experiments. In the FAUST-2 program, KfK simulates prompt critical power
excursions in a sodium vessel holding a maximum of 300 litres (Fig. 6). So
far, this has been done by rupture disk discharges under isothermal
conditions, but is going to be put on a more realistic basis in the near
future. For this purpose, an impulse current source has beon planned for
use, which will allow high electric energies to be supplied to the specimens
(e.g. , UO2 pellets), which can even lead to partial evaporation of the
specimens under souium. The electric part of the impulse current system has
already been completed. It comprises 40 capacitors of 1 mF oach at 2500 V
maximum voltage.

4. Decay Heat Removal

Pre-nuclear commissioning of the SNR 300 confirmed the reliability of decay
heat removal. This characteristic, besides the reliability of shutdown, is of
decisive importance in assessing the preventive safety level. Because of the
high redundancy of 5 x 100 %, the diversity in design, and the physical
separation, the decay heat removal systems of the SNR 300 offer such a high
level of reliability that their complete failure must be classified as a
hypothetical event. In order to demonstrate the safety potential of the plant,
that event was yet postulated in a study by Interatom. It was assumed that
all installations available to cool the core were without power for an unlimited
period of time; no blower and no pump was assumed to be in operation, no
controls (e.g. of air dampers) were assumed to be operated and, in addition,
it was assumed that the operating team took no steps whatsoever. The
analyses, which were based on measurements made in the pre-nuclear
commissioning phase with respect to major input data, indicated that the
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reactor in the shut-down condition transfers itself into a safe condition
because of passive characteristics it cannot lose. None of the existing activity
barriers are subjected to major loads or stresses. The maximum temperatures
occurring in the reactor vessel, which amount to 576 °C, are only slightly
above the normal operating temperature of 546 °C.

Several KfK test rigs have furnished interim results on decay heat removal by
natural sodium convection. To study natural convection in the SNR 2, the 2D
half-slab model was used to measure the temperature fields in the upper
plenum of the reactor vessel, photograph the steady state flow patterns, and
record on video film the flow processes accompanying the start of core
heating and the connection of the immersion cooler as well as the steady state
of operation. In the 2D complete slab model, experiments were completed for
various core pressure drops with symmetrical and asymmetrical heat removal

by the two immersion coolers; temperatures and velocities were mesured on
horizontal and vertical traverses to determine mixing processes in the upper
plenum.

Measurements of temperature fields in the RAMONA 1:20 water model of KfK
for the first time produced unambiguous proof of the presence of 3D effects
in the upper plenum. The horizontal development of the isotherm indicates
that there is a stratified flow in the upper plenum of the SNR 2 reactor
vessel (Fig. 7). It can be seen from the crowded isotherms that the whole

270"
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FIG.7. Isotherms, symmetric/asymmetric operating conditions, 3,6 kW RAMONA.
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temperature rise occurs mainly betwen the core outlet level and the level of
the bottom edge of the plug. The highest temperatures were measured above
the core; they decreased with increasing distance from the core axis. The
reason is the cold fluid coming from the immersion coolers, which penetrates
into the space between the core and the plug and mixes with the hot core
outlet flow. For the first time, also transient states were investigated in such
a way that the upper plenum was first heated and, from a specific point in
time on, the immersion coolers were suddenly connected. This produced flow
reversals in the core which returned into a stable upard flow only after
several hours.

For 1:5 scale 3D water experiments (NEPTUN, Figs. 8 and 9) a vessel has
been erected. The surrounding working platforms were assembled to
accomodate the experimental facilities and the loop components. Inside the
tank, the core barrel, the grid plate and the secondary grid plate as well as
77 measurement transducers were Installed.

Since June 1988, Interatom has constructed a systems test of the sodium/air
heat exchanger in the natural draft stack with dampers and an intermediate
sodium loop (ILONA, Fig. 10). The helical type sodium/air heat exchanger
bundle is simulated with tubes and pipes on a 1:1 scale. Power reduction is
achieved by a reduction of the heat exchanger surface (reducing the bundle
diameter and the bundle height). In the natural draft stack, the height and
the diameter are reduced accordingly; the missing part of buoyancy is
simulated by a suction blower. In the intermediate sodium loop, only the pipe
diameters are reduced, while the heights of the reactor assembly are modeled
on a 1:1 scale to simulate the natural circulation pattern. The heat source is
arranged at the lowest point of the intermediate loop.
The sodium/air heat exchanger plus the stack will be arranged on the roof of
a building extension of the AKB test facility at approx. 45 m height, which
means unimpeded flow to the inlet dampers from all wind directions. The
existing infrastructure of AKB and the sodium components can be used. Later
completion of the system into a decay heat removal chain ist possible by
linking the intermediate sodium loop to an immersion cooler in the containment
vessel.

5. Plant Surveillance Measurements

Plant surveillance measurements are important with respect to preventive
measures taken against defects in the reactor core, the cooling systems, and
their components. The data supplied by the measuring instruments are
processed, partly by pattern recognition techniques, in order to allow an
accident diagnosis to be made. A core surveillance system of this kind will be
demonstrated in KNK II.

The primary sodium of KNK II was investigated for entrained particles. To
detect particles in the primary sodium, a filter was used which contained a
sintered stainless steel insert. This allowed very different types of particles
to be removed: iron with small fractions of Cr and Ni; chronium with a small
fraction of iron; silicon; calcium and magnesium; mixtures of these
components. The particle masses are between 5 and GO mg, their alpha
activities between 20 and 45,000 Bq.
The composition and the chemical condition of deposits in the primary system
and in the fuel elements of the second core loading of KNK II was further

FIG.8. The NEPTUN facility (side view).

FIG.9. The NEPTUN facility (top view).
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FIG.1O. DHR facility ILONA.

studied by X-ray microanalysis and X-ray diffraction. In addition to iron and
aluminium compounds, also non-metallic solid impurities were found. They are
made up of two types (dense and porous), are shaped like hairs, with a
diameter of 10 - 15 urn, and appear to be circular or elliptical on the surface
of the microsection.

Localizing failed fuel elements after reactor shutdown by the dry sipping
technique has been found to work satisfactorily in KNK II. The drawbacks of
this method are the handling expenditure involved and the long time required
for inspection. Wet sipping alone had been found in experiments to be too
insensitive and was therefore rejected. A wet sipping technique improved
within the framework of this project makes use of the fact that raising the
fuel element in the failure region produces on over-pressure in the fuel rod
volume, which may give rise to fission product gas release.1.. Isolation from
the other reactor sodium of the sodium volume containing the fuel element
heats the fuel element because of its decay heat power, thus producing a
pressure rise inside each fuel rod. This intensifies the fission product gas
release. In the technique now being planned, the fuel element will be raised
about 2 m into the guide tube by means of the shuffling system. This keeps
the active zone under sodium. The guide tube is surrounded by a gas gap at
the level of the fuel zone and thermally insulates the sodium of the guide
tube from the reactor sodium. The gas in the shuffling system above the
sodium level is recirculated and monitored for active gases. The components,
i .e . , the measuring circuit with the measuring instruments and the new guide
tube, have been finished and have already been loaded in KNK II.

The functional checks of an ultrasonic viewing unit under sodium have been
successful. The unit is ready for use in KNK. One key criterion raised by
the expert consultants was a limitation of the forces acting upon the lever
arm in order to prevent the arm from bowing. It was demonstrated that no
forces exceeding 100 kp can arise anywhere.

Fuel elements in an isolated in-pile storage can be monitored in an integral
fashion. The in-vessel fuel element store of a future large breeder ist to be
Isolated outside the grid plate and the ancillary grid plate between the
pressurized pump lines. In that position, the fuel elements have only
negligible fission powers because of the low neutron flux. Interatom has
studied possibilities to see whether and how failed fuel elements in the
isolated storage can be detected as compared to failures in the core region.
The outcome of the study is the proposal of integral surveillance of the
isolated storage, whose signal differs from the signals of the integral or
localizing surveillance of the core. The 5 MeV alpha-activity in sodium can be
measured on line, the hard gamma-radiation being removed by discrimination.
The detectors which can be used are surface junction counters or very thin
glass scintillators or counters with inlet foils of 100 |Jm. One position of the
alpha-detector could be after the DND operating instrumentation. This would
allow also corrosion particles to be measured by the introduction of a filter.

The time curves of the signals produced by delayed neutrons provide
information about events going on in a blockage area. To evaluate the DN
signals in the Mol 7C cooling blockage experiments, KfK has adopted from
ANL the CSMP/DN computer program. It has been used to calculate two
different mechanisms of releases of delayed neutron emitters: instantaneous
exposure of a free fuel surface, and entry of a molten fuel jet into the



sodium. The two examples show that, depending on the type and duration of
fuel release, characteristic time curves of the DN signals can be expected,
which allow conclusions to be drawn to events in the blockage region and, if
the signal amplitudes are taken into account properly, also to the amounts of
fuel involved.

A diagnosing system for monitoring the steady-state operation of a large
breeder reactor has been designed. Within the framework of scram analysis in
KNK II, a prototype expert system is being planned under typical knowledge
representation mechanisms, which is to support the operator in diagnosing
defects. Na pump surveillance was selected as one subset to be kept under
surveillance from the primary and secondary systems. In case of a pump
failure, the actual cause of the defect is to be determined in retrospect in the
light of the time sequence of the events present in the form of a host of
reports.
A hierarchically structured knowledge base contains the knowledge of faulted
and normal conditions of the equipment components under surveillance and
also of the corresponding measuring points. The original tree structure was
expanded into a semantic network.

Neratoom has developed manipulators for in-service inspections of the SNR
steam generators. They are used to move the ultrasonic probes into place
when measuring the wall thicknesses of the steam generator tubes. Two
entirely different systems have been developed and are being built for helical
tube and straight tube steam generators.

6. Structural Materials and Components

Materials of the vessel and of other components are examined mainly with
respect to their long-term behavior (structural integrity), especially with the
influence of sodium and the effects of irradiation taken into account. Fracture
mechanics techniques are to be employed to assess the failure modes of
vessels and pipes and to achieve acceptance of the leak-before-break criterion
for future licensing procedures.

Knowledge about the behavior of the SNR 300 1.4948 type structural material
in sodium is being corroborated. Tests conducted on the fatigue and creep
fatigue behavior in a sodium flow of the SNR 300 material did not indicate any
drastic sodium effect on the behavior of the weld zone and the heat affected
zone. Also for welded precorroded material no major negative impacts were
found on the creep/fatigue characteristics. To support knowledge about the
decarbonization behavior of 1.4948 in the sodium of the SNR 300, studies have
been started of full-size intermediate heat exchanger tubes in loops of KfK
(decarbonizing) and Interatom (carbonizing).

The influence of moisture in sodium on the corrosion behavior of 1.4948 type
material was investigated aiso in aging tests of up to 1000 h duration in a dry
sodium hydroxide melt at temperatures of up to 450 °C. The depths of
corrosion penetration determined in this way extend down to several 100 \sm.
When components were examined in the cover gas plenum of the SNR 300,
depositions ?t Na/Na„O/NaOH mixtures were found, which triggered off
studies of t!:-; corrosive influence of such mixtures on the structural material.
In a program darted at various laboratories it has been examined whether
stress corrosii-n cracking is possible in the presence of anhydrous NaOH. As

in the components in the SNR 300, no indications of stress corrosion cracking
were produced by the application of various laboratory methods of
investigation. Further studies are to confirm that the corrosive attack
experienced so far and extrapolated will not unduly affect the integrity of the
system even in future power operation.

Another drying program for the reactor top plug of the SNR 300 has been
completed successfully. After assembly of the drying system, drying operation
was started in late May 1988, first by operating the nitrogen preheating
system and then by raising the sodium temperature in the primary system
from 240 °C to 420 °C and simultaneously connecting the heater for the top
plug gap. In this way, the temperature of the basalt filling in the upper
region reached a level slightly higher than the level experienced in power
operation. Drying by argon flushing produced the expected success over the
scheduled three months of drying operation. A total of approx. 95 kg of
water was removed. For power operation this means a reduction of the
permissible moisture ingress from 176 g/d to less than 30 g/d. The associated
program of materials studies proceeds according to schedule.

Temperatures in the area of the SNR reactor top plug are being measured.
The temperature measuring experiment with the top plug in an undisturbed
thermal condition corresponding largely to zero power operation at 240 °C
sodium system temperature was run in March 1988. The COMMIX-STINT 3D
code used for calculation was adapted to the measured results-. After the end
of the drying operation, the measuring experiment was begun in mid-
September at a sodium temperature of 420 °C.

Trials of the component materials of the SNR 300 are being continued. The
calculated prediction of the life of the vessel wall of the SNR 300 is to be
verified in a model experiment. A test rig has been planned and construction
of the facility at the Stuttgart Materials Testing Institute (MPA) has been
decided (the test is to begin in 1989). The creep fatigue test conducted on
an SNR 300 pipe bend of a nominal width of 550 mm at a temperature of
546 °C has been subjected to a preliminary assessment. The plastic straining
fractions after the load cycles correspond to the levels expected. Preparation
for the second test phase at 600 °C has begun with the qualification of the
measuring system.

The creep rupture and aging experiments on 1.6770 type steam generator
material at TNO have exceeded 100,000 h. In the ongoing evaluation phase,
an attempt is to be made to elaborate the influence upon the mechanical
long-time behavior of the oxide layer produced during the creop rupture test,
as this is important in the design of thin heat exchanger piper;. The tests are
being conducted on pipes, sheets, bars, and welds at the maximum design
temperature of the steam generators (530 °C) and are to demonstrate the life
of the Neratoom large compontents (steam generator and sodium pumps) as a
supplement to the design basis calculations. The results obtained so far prove
that this goal will be reached. Moreover, careful analyses of the test results
and computer calculations have improved the accuracy in calculations of the
residual life of components subjected to high loads and stresse.-?.

The combined creep and fatigue load exerted on Superphenix vessel material
is being clarified. For this purpose, hold-time experiments are being
conducted at KfK on two batches of 1.4909 type material, which later is to be



32 used as a structural material for large breeders. It has been shown that
there is no sizeable drop in the number of load cycles to fracture, N-, up to
a hold-time of 3 minutes at 550 °C. For longer hold-times, N. drops more
sharply as a result of increasing creep-induced damage, and at 30 minutes
hold-time it is only about 50 % of the level observed at short hold-times. At
600 and 650 °C, the number of cycles begins to be reduced already at a
hold-time of 3 minutes. At 650 °C, only a slight reduction in the N- level is
to be oberserved if the hold-time is extended. For the purely cyclic tests and
for short hold-times, 1.4948 type SNR steel has a higher fatigue strength at
550 °C than 1.4909. However, the number of load cycles to fracture, N-, is
much lower for the 1.4948 type material at longer hold-times, i .e. , more
pronounced creep Induced damage.

It seems to be possible to delay crack growth by "crack stoppers." Within the
framework of fracture mechanics studies of wslds, KfK investigated how the
crack growth phase could be extended. For this purpose, the load condition
at the crack tip is modified specifically in an attempt to deflect the crack
about a bulge, which can even achieve a compression of the crack tip. Some
first theoretical calculations have dealt with an oblique crack directed about a
crack stopper in a plate. This process is to be applied in practice by
designing certain contours of crack stoppers (wart-like structures) in such a
way that the weld takes a meandering course, which could at last give rise to
a tremendous delay in the crack growth phase.

The EASY fracture mechanics computer program has been acquired under
license by KWU. At an earlier time, a license was granted to the Essen
Technical Inspectorate (TÜV). In practice, the program is a collection of
qualified solutions for fracture mechanics parameters and also describes locally
variable loads in a very effective way.

Viscoseals of the SNR primary pump have been examined. Tests of modified
seals in order to control certain systems conditions brought about by external
impacts have been completed successfully by Neratoom. The tests were run at
a slight negative pressure (0.8 bar) in the pump plenum of the kind which
can be produced also after a hypothetical accident. This value is a
conservative assumption. After many experiments it has been found that
design modifications allow the seals to be stabilized so as to withstand any
negative pressure. Since October 1988, a modified sealing sysem has been
available for installations in a primary pump. Installation in the other pumps
will be decided upon after the appropriate tests have been run at Kalkar.

A new test rig with inflatable SPX seals is in operation at Bensberg.
Inflatable primary seals are characterized by a number of advantages,
especially their low space requirement. Tests on a representative scale and
qualifications of suitable materials are necessary for them to be used as
primary seals in large reactors. The materials must meet such criteria as
permeability to gas, stability to radiation and temperature, and friction and
wear behavior. After successful trial operation, agreement has been reached
on a detailed program of tests with the French and British partners.
The diffusion leak rates of the seals were determined as a function of the
inflation pressure and the temperature. The sealing gas leak rates were
determined as a function of the inflation pressure for a centric lid and at
room temperature and at 130 °C. Further leak rate measurements were
conducted at room temperature with an eccentrically arranged rotating top

plug, which had been set to the maximum possible eccentricity of 6 mm. No
significant difference in the sealing gas leak rates was found in the centric
and eccentric lids. The friction moments were determined as a function of the
inflation pressure and the speed of rotation.

Components exposed to sodium can be cleaned in heavy alcohol. In
maintenance, decontamination and disassembly measures, residual sodium Is
removed from partly drained nuclear systems normally directly with water,
moist gas, or light, low-boiling ethyl alcohol. Each of these procedures may
entail safety risks and corrosion hazards to the tube materials; consequently,
the search for an alternative cleaning medium had to go on. The ethylcarbitol
(EC) heavy alcohol originally introduced at CEA ensures smooth sodium
dissolution with practically no corrosion In austenitic materials. EC has a high
boiling point. The application of EC was tested at Interatom. Sodium was
removed completely from all accessible spots.

IV. INTERNATIONAL COOPERATION

1. Cooperation in Western Europe

The memoranda and agreements signed with France in 1976/77 have resulted
in an Intensive expansion of cooperation. The extension of this cooperation to
the United Kingdom has been initiated by the Memoranda of Understanding of
1984. In July 1984, a European Steering Committee was ' established for R&D
coordination, to which 11 European working groups (AGTs) now report. They
have compiled a detailed Joint R&D program In the form of Work Packages For
Lreeder development, cf. separate European report to the IWGFR.

European electricity utilities have set up the European Fast Reactor Utilities
Group (EFRUG), which is to support the longer-term planning of a joint
European breeder. Following a suggestion by EFRUG, the manufacturing
Industries established a number of groups In 1987, which presented to EFRUG
the First Consistent Design (FCD) of an EFR in September, 1988. The most
important technical characteristics of the facility are to be defined In a Final
Report by 1990 and integrated into a detailed design draft.

Some of the major joint R&D projects in Western Europe in the fields of in-pile
experiments, physics, and safety will be summarized below.

1.1 In-pile Experiments of Core Elements and Core Materials

The post-irradiation examinations carried out at CEA of the SNR-Pheni:c-1
bundle irradiations have meanwhile been completed with the first Mk.II fuel
element. Except for the wear marks on the fuel rods due to friction
movements in the spacer, which had been observed already In the first part
of the investigation, further studies have produced favorable finding about
the behavior of the Mk.II assemblies. The swelling behavior of 1.4970 kv type
steel shows the expected positive development. In October, disassembly of the
second element of the Mk.II series was begun at Marcoule.

Two French fuel elements with helical wires had reached burnups of approx.
90,000 MWd/t and 80 dpa NRT in Phenix. 127 rods out of these fuel elements



were assembled in a new wrapper tube and prepared for further irradiation in
Phenix up to a burnup of 135,000 MWd/t, corresponding to approximately 120
dpa NRT. BN compiled the necessary permit documents in 1988, and
irradiation was continued in the reactor with the beginning of the 45th cycle
(ECRIN experiment).

The two special in-pile experiments designed to investigate the chemical and
mechanical fuel/clad interactions (GIGONDAS and POUSSIX) have been
completed.

Joint experiments with the CEA are still under way to study the behavior of
cladding and wrapper tube materials in Phenix. The following status has now
been reached:

For the 1.4970 kv cladding material (OLIFANT), 135 dpa NRT,
for ODS (FETICHE), approx. 100 dpa.

In the HILDEGARDE experiment, 1.4970 kv steel is used as a material also for
the fuel element wrapper tubes. The results obtained so far at 100 dpa show
that the deformations of the wrapper tubes are stronger than had originally
been expected.

The 1.4914 ferritic-martensitic wrapper tube material developed at DeBeNe
attained 125 dpa without any problems in the SAMARCANDE experiment, with
the consequence that the next experiments in the series will be irradiated for
higher doses.

In the British PFR, irradiation of cladding material samples of the PFR-M1
experiment has come to an end; the PFR-M2 experiment is being continued.
Creep and swelling of cladding materials have been investigated also in the
PFR-Exchange experiment, which has now been finished.

1.2 Neutron Physics and Nuclear Core Design

Work has been started on the definition of a joint European program system
for nuclear design, operating control, the analysis of the core and the
shielding of fast reactors. In a first step, the requirements raised to such a
system by the different national user groups must be determined. Preliminary
results have been elaborated by an international team of analysis in the form
of targets, tasks, and an activity model as a proposal for future activities,
and have been represented in the "Users' Requirements Definition for the
Common European Code System, ERANOS" draft document. Harmonization with
the user groups and final adoption of the document, which constitutes the
basis of the entire further development, still need to be achieved.

Within the exploratory phase of long-life cores and inherently safe cores, a
number of basic design drafts have been elaborated which are at present
subjected to more detailed calculations.

A computed comparison between a homogeneous and an axially heterogeneous
core has been made to optimize the reactor core of the EFR.

The joint critical experiments, BIZET, RACINE, and BALZAC, conducted in
the ZEBRA (Winfrith) and MASURCA (Cadarache) zero power facilities have

33 been evaluated. Towards the end of the RACINE project, an international

comparison of the techniques of measuring fission and capture data was run
in the MASURCA facility (IRMA), in which not only the partners in European
breeder cooperation, among them KfK and SCK/CEN Mol from the DeBeNe
region, but also scientists from the USA and Switzerland took part. The
absolute fission ratios of U235, U238, and Pu239, the capture ratio of U238,
and the relations between reaction ratios were measured; each partner used
his own detectors and electronic systems.

The CONRAD series to be run in the MASURCA facility will be started with
the CONRAD-AX assembly, which will serve for studies of axially
heterogeneous cores. First criticality is expected for mid-1989. Above all, the
control rod effectiveness, material relocations, and the detectability of flux
asymmetries will be investigated. BN has already delegated one staff member
to Cadarache for cooperation in CONRAD; KfK also intends to do so.

1.3 Safety Studies

The main objective of the Mol 7/C experiments in the BR2 is an investigation
of the consequences of local loss of coolant flow in breeder fuel elements. The
Mol 7C/6 experiment was run in June 1988 as the third experiment with
irradiated fuel rods. The fuel rod bundle was made up of 30 mixed oxide fuel
rods of 6 mm diameter, which were held by grid type spacers at a rod pitch
of 7.9 mm. The rods with a maximum burnup of 10 at.% had been taken from
a fuel element of KNK II. A porous central blockage was used to simulate the
loss of coolant flow; the blockade consisted of a cage filled with highly
enriched fuel spheres of 0.42 mm diameter. As a consequence of the high
burnup, the defect propagation was much more pronounced than it had been
in earlier Mol 7C experiments. No energetic fuel-sodium interactions were
observed. All monitoring procedures worked satisfactorily. Other Mol 7C
experiments are being ^T

In the CABRI test reactor in Cadarache, the CABRI-1 part of the transient
experiments with single rods, which had been agreed upon in 1973, was
completed in 1986 and is still being evaluated. The participants in those
experiments had been the French CEA and KfK as well as the United
Kingdom, Japan, and, part of the time, the USA. A seminar about CABRI-1
was organized in Cadarache on November 30 - December 1, 1938. The program
is being continued in "CABRI-2" with higher burnups of the pre-irradiated
test rods, modified power ramos and, among other features, also modified
pellet forms. CABRI-2 ka-s begun with some experiments in 1989. In addition
to CEA and KfK, also the Japanese PNC and the British UKAEA have signed
a contract to this effect.

Material relocations in fuel elements under LOF and TOP conditions are also
being studied in out-of-pile experiments such as SIMBATH and THINA in KfK
and CORECT II in Grenoble. These studies are supplementary to each other
and proceeding in close cooperation.

2. Cooperation with the USA

The European R&D Steering Committee is negotiating with the US Department
of Energy (DOE) about extending or renewing the expired agreements on
cooperation. For this purpose, a meeting was held in Washington, D.C. on
November 1, 1988 of the DOE and representatives of CEA, KfK, Interatom,



OJ UKAEA, SCK/CEN, and ENEA. The conference was held at the fringe of the
ANS Winter Meeting and, among other topics, dealt with the proposals by the
European AGTs (working groups) about the areas to be included in the
exchange of knowledge. A draft ready to be signed for a breeder R&D
agreement between Western Europe and the USA is expected to be available In
the spring of 1989. Until the agreement has been signed, the previous bilate-
ral agreements between the individual countries and the USA will continue to
be in force. Declarations to this effect have been exchanged among the
participants by correspondence.

DOE was particularly interested in
cost analyses of modular and large sodium reactors,
dispersion strengthened ferritic materials and the corresponding fuel
element in-pile tests,
R&D in the field of protection against seismic events,
operating experience with the steam generators of Superphenix,
electromagnetic sodium pumps.

The European side reiterated their wish to cooperate in three general
directions:

Exchanges of special findings, such as reactor operating data and
information about design concepts.
Access to results, e.g., those relating to fuel rod failues, carbide fuels,
and steam generator materials.
Exchanges of "classical" knowledge in the fields of physics, fuel
elements, structural materials and mechanics, natural sodium circulation,
steam generator engineering.

The evaluation of special projects based on cooperation with the USA was
continued.

The SIMMER safety computer code was taken over from LANL a couple of
years ago, but not used by KfK and Interatom in the SNR licensing
procedure. To improve SIMMER, KfK has developed an evaporation and
condensation model for hot fuel/steel mixtures within the framework of the
Advanced Fluid Dynamics Model (AFDM), in which the concentration gradients
in the vapor phase play a major role. The mass flows induced by the
concentration gradients contain convective and diffusive parts, which must be
determined by integration of the conservation equations. Because of the high
mass flow densities to be expected under accident conditions, the convective
part must not be neglected. Some first results are available on the fuel/steel
sysem at a total pessure of 5 bar. An AFDM expert meeting together with the
Japanese PNC was held in Los Alamos on June 1-2, 1988.

A couple of years ago, the CONTAIN code had been taken over from the
USNRC with a view to the development and management of major accidents.
The verification of this program comprises aerosol models, sodium pool fires,
heat transfer in structures, and material transport between cells. Submodels
of the CONTAIN code, such as those pertaining to the aerosol and sodium fire
characteristics (pool and spray fires), have been verified with the help of
existing FAUNA experiments of KfK and then upgraded. The code has been
applied integrally to a reactor case for the first time. In the course of the
past two years, results of sodium fire experiments were exchanged and

mutually evaluated. A final discussion will be held in Europe in the sprint of
1989.

Cooperation has been agreed upon with the DOE in the field of decay heat
removal by natural convection.

For evaluation of the DN (delayed neutron) signal in the Mol 7C cooling
blockade experiments, KfK has taken over from ANL the CSMP/DN computer
code. It has been used to calculate two different mechanisms of releases of
emitters of delayed neutrons: the instantaneous exposure of a free fuel
surface and the entry into sodium of a molten fuel jet. The two examples
show that, depending on the type and duration of the fuel release,
characteristic time curves of the DN signals must be expected which allow
conclusions to be drawn to the events going on in the blockage region and, if
the signal amplitudes are taken Into account properly, also to the amounts of
fuel involved.

The recent American breeder concepts continue to be observed with
considerable interest in Europe. A visit by Dr. A.F. Waltar, Westinghouse,
was an occasion to hold a breeder seminar at KfK on October 10-14, 1988.
Dr. Waltar gave two lectures on "Safety Issues of Small and Large Reactors."
The discussions with him also included fuels, fuel rod operating transients,
core melt-down epxeirments, decay heat removal, long-life cores, and FAUST
experiments. They served to obtain from this well informed expert in
American breeder developments an independent judgment on future breeder
policy. Data for a comparison between oxide and metal fuels were recently
made available by the DOE.

3. Cooperation with Japan

The European Steering Committee Is negotiating an extension of breeder H&O
cooperation also with Japan.

A delegation of the PNC Steering Committee visited the Kalkar nuclear pv/oer
station, Interatom and KfK on November 1-4, 1988 in order to obtain
information about the breeder situation in the DeBeNe region.

In 1988, Japan decided in favor of participating in the CABRI-2 transient
experimental program after having participated actively already in CABRI-1.

The 6th Review Meeting within the framework of cooperation among PNC,
CEA, KfK and Interatom was held in Paris on November 28-30. The
discussions in various areas produced these results:

Fuel elements: A meeting of experts was scheduled in Europe for May 1989;
special interest is being shown in axially heterogeneous fuel rods.

Physics: At a meeting of experts yet to be arranged, proposals are to be
elaborated for a joint program on axially heterogeneous cores and on CONRAD
and JUPITER benchmark zero-power measurements.

Safety: Exchange of know-how about decay heat removal by natural
convection; about the CONTAIN code, the radiological soure term, sodium-
concrete interactions, and hydrogen conflagration in sodium fires. A



specialists' meeting dealing with radiological consequences of accidents is to
be held in Europe in May 1989.

Components and thermohydraulics: A meeting of experts, which is to deal
with seismic impacts on the reactor core, has been scheduled for Japan in late
1989. Other specialists' meetings dealing with in-service inspections and large
bellows are under preparation. At an expert meeting in the United Kingdom in
early 1989 about steam generators, especially water-sodium interactions,
possibilities of a Joint program in this field were to be explored.

Operating experience: A specialists' meeting has been planned for Japan in
April 1989.

Structural material and structural integrity: A joint program deals with
austenitic materials (the European and Japanese variants of 316L steel) and
the 9Cr/Mo mod. ferritic material. A specialists' meeting about the structural
integrity of breeder components and inelastic analysis was agreed upon to be
held in Paris in February 1989.

Already in June 1988, a three-day specialists' meeting had been held in
Saclay of European representatives of the AGT-9A working group and experts
in structural materials of PNC and the Japanese steel industry. An extensive
proposal has meanwhile been received from the Japanese side indicating how
to implement the recommendations made at the specialists' meeting. Joint
studies of welds made of 316L and mod. 9Cr steel as well as a computer
supported data exchange are further goals.

In the course of the seminar, areas were identified in which cooperation above
and beyond the exchange of experience would be desirable. Decisions about
further procedures are to be takon at a seminar in the Federal Republic in
1989.

Through the IWGFB contacts exist with other countries developing breeders
or contributing to this development.

4. Cooperation with other Countries

An agreement about German-Soviet cooperation in the field of the peaceful
uses of nuclear energy had been signed in 1987. Within the framework of that
agreement, a Soviet delegation participated in a seminar at Bensberg about
materials behavior in steam generators, especially sodium-water interactions,
and visisted test facilities of Interatom and the SNR 300 on June 27-29, 1988.
Another seminar about steam generators has been agreed upon to be held in
the USSR in 1990. A seminar about breeder safety has also been envisaged.
The Soviet delegation visited KfK on June 30 - July 1 and, after some first
discussions about breeder safety, made a tour of the KNK II plant.

On September 5-10, 1988, a delegation headed by the German Federal Ministry
for Research and Technology (BMFT) attended a seminar in Dimitrovgrad, at
which operating experience was exchanged about KNK II, BOR-60, and BR-10
as well as the BN-600. The discussions focused on the following items:

R&D work on the reactors (including optimization of scram operation and
cooling of the reactors in the shut-down condition);
experience from operating the plants with failed fuel elements, among
other conditions;
the problem of safety and the detection of defects.
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