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

R. H Ü P E R
Fast Breeder Project,
Kernforschungszentrum Karlsruhe GmbH,
Karlsruhe, Federal Republic of Germany

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 
TNO, Apeldoorn 
Neratoom, The Hague.

The first three institutions mentioned above have been associated in the 
Entwicklungsgemeinschaft Schneller Brüter since 1977. KfK, INTERATOM, and the 
French Commissariat à l'Energie Atomique entered into contracts in 1977 about 
close cooperation in the fast breeder field, to which the Belgian and Dutch 
partners acceded.

The results of activities carried out by the DeBeNe partners in 1987 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 1987.

I. SURVEY

1. Operating Experience with KNK II at Karlsruhe

KNK, the compact sodium cooled reactor, is an experimental nuclear power plant
with an electric power of 20 MW, whose core is cooled by liquid sodium at
approx. 500 °C. After several years of operation with a thermal reactor core 
(KNK I) the plant has been run with fast, i.e. unmoderated, reactor cores for 
the past ten years (KNK II).

* Translated by R. Friese.

While the fuel elements of the first core, KNK II/l, agree with those of the
first core, Mk. Ia, of the SNR-300 in important parameters, the fuel elements
of the second core loading, KNK II/2, correspond to the SNR-300 Mk.II type, 
which is characterized by a high fuel density, a fuel rod diameter of 7.6 mm, 
and spark eroded grid type spacers which, in the fuel elements of the test 
zone, are attached to the fuel element wrapper tube by means of flow aprons.

The first fast core had been unloaded in 1982 after a peak burnup of 100,000
MWd/te. The fuel elements of the second core, which was commissioned in 
mid-1983, in the meantime have attained a maximum local burnup of 65,000 
MWd/te.

The plant was shut down on May 28, 1987 for detection and replacement of the 
5th failed fuel element of the second core. On July 13, 1987, the fuel element 
included from the first core was determined, by means of the dry sipping 
technique, as having failed. That fuel element, with a peak burnup of 175,000 
MWd/te,,,., is largely identical in design with those of the SNR-300 and has by 
far exceeded the burnup planned for the latter fuel elements. The exposure 
dose sustained by the cladding tubes of the SNR-300 elements was almost 
reached. The failed fuel element again was replaced by an element taken from 
the first core. The plant was back in operation in late September 1987 and 
reached the 1n-pi1e time of 455 full-load days in late November, which marks 
the present limit in the permit of the second core.

The annular carrier fuel element with small carbide bundels, which had been 
irradiated in the reactor core before, was put back into the core. It had been 
unloaded for the last period of operation in order to see whether the elevated 
OND background signal (delayed neutrons) had been due to a failed carbide fuel 
rod. That hypothesis turned out to be untrue, as the background signal did not 
change afterwards.

The condition of the KNK reactor vessel of 1.6770 type ferritic steel was
examined. Impact test and tensile test specimens of this material in a ma
terials test element had been exposed to a neutron dose almost six times
higher than the maximum accumulated dose of the vessel. The discussion of the 
results is concentrated on the level of the transition temperature leading to 
Icia) temperature embrittlement. According to conservative estimates, it is 

below the lowest temperature of the KNK vessel in a condition of rest.

2. Commissioning of the Kalkar Nuclear Power Station (SNR-300)

From 1973 on, the 300 MWe prototype breeder nuclear power station, SNR-300, 
has been erected by the Internationale Natrlum-Brutreaktor Bau GmbH (INB) at 
Kalkar on the Lower Rhine River. The builder and owner of the plant is the 
Schnell-Brüter-Kernkraftwerksgesellschaft mbH (SBK). Both firms are joint 
German-Belgian-Netherlands companies; also the state operated British CEGB
holds on interest in SBK. After lengthy delays, most of which were of a 
political nature, construction of the plant was largely completed in 1985 and 
followed by the pre-nuclear commissioning phase.

On the site, the pre-nuclear commissioning activities have practically been 
completed. Most of the work included measures necessary to remove the residual 
moisture from the rotating reactor plugs of the reactor vessel and sodium 
cooled fuel element store. The condition of these installations was determined



by visual inspection of the overall state and by surface tests of components 
removed from the plant. Specification conditions have been achieved in the 
sodium cooled fuel element store, which is now ready to accept fuel elements 
for storage.

In the reactor vessel, cleaning was carried out in February 1987 with a sodium 
level raised by 0.5 m. Inspection of the internals revealed the practically 
complete detachment of previous deposits within this change in the sodium 
level. A program of studies devoted to determining the behavior of austenitic 
and ferritic materials under the influence of a mixture of Na/Na0H/Na?0 at 
various temperatures was completed by late September and has been evaluated in 
the meantime.

The remaining commissioning activities on the decay heat removal systems were 
performed successfully in 1987.

The components investigated also included the three linkages of the secondary 
shutdown units and one linkage of the primary shutdown units. As a result of 
deposits covering the bearing of the centering tube to be lifted in handling 
operations, the linkages of the secondary shutdown units showed sodium floo
ding and damage due to excessive torque. In no case were there any problems in 
connection with the shutdown function. The linkages investigated at Interatom 
and dismantled are now available again at Kalkar following the appropriate 
tests.

In the commissioning phase, the temperatures in the area of the reactor 
closure heads had been found to be higher than previously calculated and, in 
addition, irregularly distributed azimuthally. The phenomenon is explained by 
gas convection in the gaps of the closure heads, the extent of which had not 
been expected. 30 method developments and calculations are under way to solve 
this problem. Also the installation of additional temperature measurement 
points and another measurement at 420 °C sodium temperature is hoped to 
constitute a sufficient basis for revising the demonstration of stability of 
the components affected.

In March 1987, the licensing authority indicated its intention to refuse the 
application for storage of the fuel elements (partial permit 7/6), which had 
been pending since 1983. As a consequence, the licensing procedure and the 
further development of the project have entered into a critical phase. SBK, in 
agreement with INB, in due course submitted a reply by late June 1987 in which 
all reasons for the refusal as given by the licensing authority are rejected 
in detail and a request is expressed for immediate examination of the matter 
and a decision on the permit in line with the scope of the application.

These licensing problems with the North Rhine-Westphalian Land Government in 
Düsseldorf caused the German Federal Ministry for Research and Technology 
(BMFT) and SBK to reduce to the so-called "shoestring model" all project 
planning activities and plant operation effective June 1987. Expenditures a- 
rislng after that date were reduced to a minimum. For 1988, funds required for 
continuation were made available by the Ministry, the utilities, and manufac
turers .

A special meeting of the German Advisory Committee on Reactor Safeguards (RSK) 
with international participation (experts from France, the United Kingdom,

Japan and the USA attending) on the Bethe-Tait accident held on September 30 - 
October 1, 1987 confirmed the positive position adopted by KfK and the Ge- 
sellschaft für Reaktors1cherhe1t.

In May 1987, BMFT had commissioned a study from Motor Columbus in which 
especially the need, from the point of view of research policy, of nuclear 
commissioning of the SNR-300 was to be investigated. The expert opinion 
submitted in September arrived at the conclusion that, after weighing the 
chances and risks, commissioning the breeder and making use of this technology 
was advocated unanimously. The SNR-300 is to make major contributions to 
breeder development in all European countries. Approximately seventy experi
mental projects are under preparation in the SNR-300. Fabrication of a variety 
of test fuel elements has reached an advanced stage.

3. Planning a Demonstration Breeder Reactor

The contract for planning and building an SNR-2 (1500 MWe, pool type) would be 
awarded by the Europaische Schnel lbriiter-Kernkraftwerksgesel 1 schaft (ESK), 
with SBK, the Italian ENEL, and the French EdF as shareholders. The project is 
based on the breeder convention of 1973, which had provided for the SPX 1 in 
France as the first of two large breeder power plants.

The results of pre-planning of the SNR-2 will be useful for the next European 
breeder. The most important aspects to be covered are engineered safeguards
(passive safety concept) and economic considerations.

The manufacturing industries, following a proposal by European electricity 
utilities, have set up four working groups to design a joint European large
breeder. The most important technical characteristics of the plant are to be
defined by the autumn of 1990 and are then to be integrated 1n a detailed 
design draft. The detailed design draft 1s to be finished by mid/late 1993, at 
which date construction could begin.

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 im
portant R&D activities of 1987. 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.

R&D 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 
for nuclear core design, and contributions to design basis and safety calcu
lations.

One major aspect considered 1n safety studies is the complex of fuel rod 
failure, coolant failure, and power transients as potential causes of acci
dents. Studies performed to control credible accident consequences deal with



ensuring decay heat removal from fuel melts, among other aspects. The behavior 
of aerosols, effects of sodium fires and sodium/concrete interactions consti
tute another major point of research under this heading. To meet technical 
safety criteria, e.g., to ensure decay heat removal after failure of the 
tertiary system, more use is to be made of the inherent safety advantages of 
sodium cooled systems.

Methods of measurement in plant surveillance are important in the preventive 
measures taken against failures 1n the reactor core, the cooling systems and 
their components. The data supplied by the measuring instruments are pro
cessed, 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 espe
cially 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.

The R&D program for further development of the SNR has been revised in the 
light of the R&D programs of the foreign partners. This R&D program was 
subdivided into work packages by the joint Working Groups with the British, 
French, and Italian partners so as to achieved broad international division of 
labor.

5. International Cooperation

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

The German-French breeder agreements of 1977 have resulted in close coopera
tion with France. Under an agreement signed in London on March 2, 1984,
industries and research institutions 1n Germany, the United Kingdom, France, 
Italy and Belgium have combined their breeder activities. The agreement had 
been preceded by a Memorandum of Understanding among the governments of the 
participating countries dated January 10, 1984. An R&D agreement was initialed 
in November 1984.

In the meantime, the European electricity utilities, SBK, EdF, CEGB, and ENEL, 
have established a working association intended to support the longer-term 
planning for a joint European breeder. Following a proposal by this European 
Fast Breeder Utility Group (EFRUG), the manufacturing companies INB, Novatome, 
NNC, and Ansaldo set up a number of groups in 1987, which will draft a plan
ning study in the course of the next two years.

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 co
operation in breeder R&D between Western Europe and Japan, and the USA, 
respectively.

In 1987, several meetings and conferences were held in order to exchange views 
about modular liquid metal cooled reactors, new metal fuels and fuel cycle 
processes under development in the USA.

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. Operation of the KNK II Experimental Breeder Nuclear Power Plant

1.1 Reactor Operation

The first fast core, KNK II/l, of the compact sodium cooled reactor had.been 
unloaded in 1982 after a peak burnup of 100,000 MWd/te. The fuel elements of 
the second core, KNK 11/2, were commissioned in mid-1983.

In November 1987, KNK II reached the in-pile time of 455 equivalent full-power 
days (efpd) licensed for its second core. After some modifications, this core 
is planned to run up to an in-pile time of 720 efpd. A public hearing on the
license required for this extended operation was held already in 1986. The
license is expected to come forth in early 1988. Some work on the core covered
by the existing permit will be conducted first.

A fuel element with mixed oxide fuel and the SNR-300 Mk. I design, which was 
transferred from the first core into the second core, has attained the ex
tremely high peak burnup of 175,000 MWd/te.,,.. The in-pile behavior of the fuel 
elements of the second core with SNR-300 Mk.II design 1s less satisfactory, 
for which reason some modifications need to be made to the elements of the
third KNK II core. The drifting of fuel element outlet temperatures covered in
earlier reports has not recurred in the last period of operation, in which the 
cold traps were operated continuously.

Here are some details of reactor operation in 1987:

After replacement of a failed fuel element, KNK II was to be started up again 
in December 1986. However, when the necessary checks of the shutdown systems 
were made, it was seen that one of the eight absorbers could not be brought 
into the (fully withdrawn) position required for the test. This failure was 
due to aerosol plate-out resulting from the long down-times since the oc
currence of the last fuel failure, and to the many handling steps required to 
pinpoint the failure. The deposits were removed by melting. Extensive 
investigations were conducted to demonstrate by late March 1987 that such 
failures cannot occur in the shutdown systems in normal reactor operation. 
They have not recurred since then.

KNK II was started up again on March 28, 1987. Initially, vibration measure
ments were performed at various power levels to detect the causes of the four
defects so far encountered in fuel elements of the second core. The findings
so far made in post-irradiation examination indicated that the damage was due



to vibrations of the fuel rods, which resulted 1n wear at the points of 
contact between the cladding tubes and the pads on the grid-type spacer and 
also caused bending stresses.

After restarting, the signal produced by delayed neutrons (DND), which is 
monitored to detect open fuel rod defects, initially was constant at an 
elevated level and then rose continuously from April 18 on. The cover gas 
activity increased discontinuously over the same period of time. This seemed 
to indicate another failed fuel rod, the fifth one, in the second core.

The plant was shut down on May 28, 1987 for detection and replacement of the 
failed fuel element. By means of the dry sipping technique, the NY 205 fuel 
element, which had been transferred from the first core and irradiated further 
1n the second core, was found to be defective on July 13, 1987. This is an 
element of the SNR-300 Mk.Ia type, which attained the following burnup levels 
by far exceeding the specifications of the SNR-300:

In-pile period: 831,85 efpd,
Average burnup: 128,838 MWd/te,,,..
Maximum local burnup: 174,597 MWd/te^.

The failed element was replaced by a different element of the first core.

In addition, the annular carrier fuel element with a small carbide bundle was 
put back into the core. It had been unloaded for the previous operating period 
for a test intended to show whether the elevated DND background signal was due 
to a defective carbide fuel rod. That hypothesis was not correct, as the 
background signal did not change after this measure.

After In-service inspections had been carried out, KNK II was restarted on 
September 29, 1987 and operated at 60 % of Its design load. The operating 
phase had been preceded by discussions with the supervisory authority and the 
expert consultants about proof of plant safety under all operating and acci
dent conditions involving the simultaneous occurrence of several failed fuel 
rods.

Throughout the phase of power operation, fission product gas was detected in 
the cover gas. The new fuel rod failure thus indicated did not turn into a DND 
failure. Consequently, 1t was not possible to pre-1dent1fy the defect by load 
tilting. The licensed in-pile time of the second core of 455 efpd was reached 
on November 9, 1987; the plant was then shut down.

KNK II is now being prepared for continued operation of the second core.

For the third core of KNK II, the fuel rods have been fabricated; the struc
tural components are still being modified in the light of the in-pile 
results obtained in the second core. The fuel elements of the third core will 
be ready for use in early 1989.

1.2 Post-irradiation Examination of Failed Fuel Elements

The fuel rods of the failed elements investigated show wear phenomena on the 
surface of the cladding tube at the level of the upper spacer planes, whose 
pattern (120 °C on the circumference) and morphology clearly indicate a

mechanical interaction with the spacer system. That interaction led to adhe
sive wear, mainly with an azimuthal component of the relative motion of the 
two interaction partners. Similar wear has been detected also in the spacers.

Measurable wear (more than 10 цт) was recorded only at the spacer planes in 
the fuel region. The intensity of wear increased steadily from that point on, 
reaching a maximum at the highest spacer plane of the fuel region, and then 
dropped again. Almost identical axial intensity distributions in cladding tube 
wear and of rods were observed in the USA (EBR II) and in Japan (JOYO).

In addition to this pronounced, probably typical, axial intensity distri
bution, all fuel rods Investigated had in common the phenomenon that rods in 
edge positions exhibited the smallest amount of cladding tube wear, sometimes 
even no detectable wear at all. Towards the inside of the bundle there was a 
tendency of the wear increasing, but no distinct distribution has been de
termined.

Another finding made in all fuel rods investigated were oblong marks on the 
cladding tubes between two spacer planes, i.e., below and above the spacer 
plane with maximum interaction (last spacer in the fuel region). The pattern 
(mostly 60 °C on the circumference) and the morphology clearly indicate 
rod/rod contacts for the same reason which also led to the mechanical inter
action between the rod and the spacer.

1.3 Execution of the Test Program

To enable breeder fuel elements to be repaired in a way which e.g., has been 
executed successfully in IWR assemblies for many years, KfK developed a method 
of detecting failed fuel rods, which is to be tested within the framework of 
irradiation in KNK (HYDRA experiment). The fuel rods specially equipped for 
this purpose were fabricated in 1986, the measurement systems for failure 
recognition were tested, and the complete fuel element was prepared for 
loading 1n KNK II/3.

The facilities required for disassembly of the KNK II elements will be in
stalled in the hot cells probably by mid-1988. The ensuing disassembly of the 
KNK II/l elements allows tests to be conducted under real hot cell conditions. 
As the first subcomponent of the mechanical head end, a device for cutting 
single fuel rods has been developed, which will be fabricated and delivered in
1988.

As in other breeder reactors, gamma spectrometers with Ge-detectors are used 
for the on-line cover gas monitoring in KNK II. However, occasional failures
of spectrometers cannot be avoided. For bridging the repair periods, a simple
precipitator has proved to be useful, cf. Fig. 1. The good agreement of its 
signal with the integral Ge-detector signal is to be seen in Fig. 2.

For monitoring steady-state operation and operational transients 1n a future 
fast breeder reactor, a diagnosing system 1s to be developed and installed in 
KNK II for demonstration. As the first specific complex, failure of the 
primary pumps was reated. On the basis of a project study conducted in 1986, 
KfK began in 1987 to develop a diagnosing system for scram analysis in coope
ration with Interatom. An inference mechanism (conclusion module) is under
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Fig. 1. KfK”Precipitator Mark IIIc. Dimensions in mm. The ionized solid

daughter products of the gaseous fission products are precipitated 

on the outer surface of the miniature Geiger-Müller tube 1 caused 

by the precipitating voltage between G-M-cathode and housing of 

the precipitator

— Ge-OETECTOR 4 - PRECIPITATOR completed froa a
scrip cbarc recorder

Fig. 2. Reactor power, integral Ge-detector signal and precipitator signal 

of KNK II operating with a natural cladding failure

construction; this also applies to the symbolic representation of the primary 
system for graphic displays of the result of the diagnosis. The operating 
manual of KNK II was used to feed into the knowledge base of the system a few 
selected defects, and a test system has been developed to simulate failures. 
For the entire diagnosing system, Including early diagnosing capability, 
preparatory work has been started on interconnecting the computers assigned to 
various measurement procedures, and the symbolics computer (diagnosing system) 
by means of a Local Area Network (LAN). Moreover, contributions have been made 
to the knowledge base of the early diagnosing system.

The detection of delayed neutrons (DND) in combination with load tilting 1n 
KNK II repeatedly produced Important information for the identification of 
fuel elements containing failed rods. Preparations have been made to accompany 
commissioning of the SNR-300 by DNO measurements. In addition, measures have 
been taken to integrate the DND procedure and the cover gas monitoring system 
of fast breeder reactors 1n the diagnosing system. Preprocessing and data 
reduction for the benefit of the monitoring diagnosing system to be demonstra
ted in KNK II is achieved with the COCOSS system. The potential of in-core 
beta detectors was tested in a prototype.

The fuel element monitoring system (CODINAS) installed 1n KNK II especially to 
monitor boiling events, which 1s based on measurements of temperature fluc
tuations, will be used In parallel In plant operation. In addition, it can be 
employed to recognize load tilting patterns. Preparations have been made to 
run a similar system 1n the SNR-300. For detecting small particles in the 
primary sodium of KNK II, a filter (Fig. 3) with a sintered stainless steel 
Insert was used to remove various types of particles, e.g. Iron with some 
chromium and nickel constituents, silicon, calcium and magnesium.

2. Kalkar Nuclear Power Station

2.1 Planning and Management

On the site, the pre-nuclear commissioning activities have practically been 
completed. Figures 4, 5, 6 and 7 give a general impression of some parts of 
the plant.

For ventilation of the reactor building, temperature and flow measurements 
were conducted during the commissioning phase and extrapolated to operating 
conditions 1n order to determine to what extent additional cooling capacity 
must be provided for halls and plant compartments. In early March 1987, SBK 
and INB decided on the concept of supplementary facilities for the ventilation 
system of the reactor building. In this concept, another cooler will be 
Installed in the existing air Inlet plant; as a supplement, cooling systems 
will be set up 1n the reactor bilding with ducts connected to the secondary 
air supplementary ventilation system must have been demonstrated by the start 
of power operation. The application documents for the supplementary venti
lation system were submitted for review to the expert consultant in April 
1987; in addition to this filing, the design basis and the application 
documents were explained in detail. Planning work for the supplementary 
ventilation system was finished with the completion of the construction 
documents.
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Fig. 3. Filter unit for the sampler of KNK primary sodium

33

31
7.

5

Fig. 4: KKW Kalkar - One of the steam generator 

buildings



Fig. 5: KKW Kalkar 
Superheaters

Fig. 6: KKW Kalkar
Straight-Tube Steam Generator



Fig. 7: KKW Kalkar
Open-air Substation for High Voltage

In connection with the rupture of the vibration measurement lance 1n early
1986, Interatom Inspected, beefed up and tested in sodium all equipment for 
In-service inspections as well as vibration and temperature measurement
lances. The equipment for in-service inspections is now available again and 
has in part been used already; the vibration and temperature measurement
lances were delivered to the power plant in March 1987.

The problem of elevated temperatures in the top part of the reactor vessel and 
the reactor closure head was treated further. In the pre-nuclear commissioning 
phase, temperatures 1n the region of the closure head of the reactor were 
found to be higher than precalculated and, in addition, to be irregularly 
distributed azimuthally. The reason assumed for this development 1s an unex
pected amount of gas convection 1n the gaps of the closure head. 30 method
developments and calculations are under way on this problem.

For Bethe-Tait analyses at KfK, Interatom made available for the Mark la 
target core (with 12 sodium dummy elements) performance and flow distribution 
data for the beginning of the first operating period and extrapolated data for 
the end of the third operating period. In addition, axial fuel expansion 
coefficients and bowing coefficients were calculated. With the support of KfK, 
Interatom determined the reactivity coefficients for the fresh Mark la core. 
The burnup effect derived from earlier calculations was used to determine the 

35 coefficients for the burn-up core.

2.2 Residual Assembly and Pre-Nuclear Commissioning Work

Removing the moisture from the basalt boxes of the shielding of the rotating 
reactor plug was completed 1n late January 1987, after some 250 1 of water had 
been extracted. At a systems temperature of 420 °C and in normal operation of 
the cover gas sysem, the H„ levels in the cover gas plenum stabilized at 
approx. 320 vpm. In the геаЛог vessel, a cleaning phase was run 1n February 
1987 with a sodium level raised by 0.5 m. Intermediate Inspection of the 
Internals revealed that practically all former depslts had been completely 
dissolved within this change of level. The removal of residual moisture from 
the cover gas plenum of the reactor vessel was accompanied by the following 
main steps:

- Disassembly of a total of four linkages of the primary and secondary shut
down systems for Investigation at Interatom.

- Disassembly and Inspection of the materials test element.
- Inspection and sampling at gaps 1n the closure head and the fixed closure

head ring.
- Moisture measurment 1n the fixed closure head ring.

The supporting program of Investigations of roughly 60 components from the 
reactor vessel and the reactor vessel plenum, in the course of which the 
deposits were analyzed, was completed with positive results.

To get the residual moisture out of the serpentine shield of the lid of the
sodium cooled fuel element storage facility, a temporary add-on system was
developed which blows dry argon straight Into the serpentine bed and extracts 
it again above the bed. This add-on system, which was Installed in mid-January 
1987, worked as planned and extracted some 31 litres of water by early March
1987. The H, content of the cover gas could thus be reduced to specification 
levels. 2

Regeneration of the cold traps has been finished, for the time being. The 
primary cold traps need reinforcements of the respective nitrogen cooling 
system in the range of low capacity operation. Revamping of the cooling system 
and assembly of bypass dampers for better control of the cold traps has been 
completed.

As a consequence of the elevated room temperature 1n some plant compartments, 
the suitability of such electric components as drives, positioning drives, 
solenoid valves, limit switches, and components of the measuring gear had to 
be checked systematically. This campaign has been largely completed In the 
meantime together with the Technical Inspectorate (TUV).

Major activities to be emphasized in addition to the operation of the whole 
plant in general are these:
- Completion of the decay heat removal tests.
- Execution of emergency power tests, some of them with deliberate blocking of 

two out of the three emergency diesel power plants.

2.3 Political Environment

In the coalition negotiations for the new Federal Government between the 
political parties CDU/CSU and FDP following the federal elections 1n February



1987, the FDP expressed the wish for an evaluation of the benefit to research 
policy arising from commissioning the SNR-300. An expert opinion sought by 
BMFT from Motor Columbus, the Swiss engineering consultant firm, was completed 
1n September 1987 and Introduced to the public by Federal Minister of Research 
Heinz Rlesenhuber at a press conference on October 1, 1987. From the point of 
view of research policy, the SNR-300 should be commissioned speedily. This 1s 
the most Important recommendation contained 1n the expert opinion. Motor 
Columbus examined the objectives and assessments of the Federal Government to 
date, taking Into account especially the activities of the Fact Finding 
Committee on Future Nuclear Power Policy set up by the 8th and 9th German 
Federal Parliaments. The expert opinion expressed full support of the attitude 
of the Federal Government, which has been unchanged since the 1972 building 
decision, with respect to the Importance of breeder development as an 
opportunity for the long-term energy supply.

According to the expert opinion drafted by Motor Columbus, the SNR-300, as the 
most modern test facility of Its kind, 1s to паке the following major contri
butions fo European breeder development:
- Testing the operation and engineered safeguards of a complete large breeder 

f a d  1 ity.
- Demonstrating the engineered safeguards characteristics and Installations, 

some of them specifically German, with respect to the safety concept of 
future European breeders.

- Testing large breeder reactor cores to confirm the design and for the 
necessary further advancement of fuel elements; reducing the costs of the 
fuel cycle.

- Continuous operation of the specific components of the SNR-300 will generate 
Information Important to European breeder development.

- A special role is played, e.g., by the experience to be accumulated in the 
operation of steam generators. The variant of straight-tube steam generators 
has not so far been tested in a nuclear power plant on a prototype scale.

- Demonstration of the passive decay heat removal by immersion coolers in
stalled inside the tank is just as important as the reliability of the 
diverse shutdown systems.

In addition, the following general aspects are important in commissioning:

- Commissioning the SNR-300 enables the Federal Republic of Germany, after a 
long phase of uncertainty, to regain the position of an equal, reliable 
partner within the European breeder development community.

- Exchanges of know-how and experience with European partners remain ensured; 
only operation of the SNR-300 will make the European agreements fully 
effecti ve.

- Execution of special test programs in the commissioning and operating 
phases.

Approximately seventy projects are being prepared for the SNR-300. Fabrication 
of a variety of test fuel elements has advanced far.

Leading Social Democratic (SPD) state politicians in North Rhine-Westphalla 
clearly expressed their intention in the public to not license the SNR-300. In 
this connection, the SNR-300 was considered to be the only nuclear facility in 
Germany, the commissioning of which could be prevented politically by the SPD 
in line with its decisions taken at the Nuremberg Party Convention. Identical

decisions were taken at the Bochum State Party Convention in September 1987, 
at which the SPD of North Rhlne-Westphalla repeated Its negative attitude 
regarding the commissioning of the SNR-300.

2.4 Licensing Procedure under the Atomic Energy Act

In the course of an oral discussion of the so-called "check list for the 
authorities" for permit 7/6 (storage of fuel elements in Kalkar) on January 
29, 1987, the authority (the State Ministry of Economics -MWMT- in Düsseldorf) 
explained orally that they were going to refuse the licensing application 
filed in 1983. In a letter of March 25, 1987, the Ministry gave an extensive 
list of reasons for the intended refusal of permit 7/6 some of which included 
earlier matters, long since clarified, from the MWMT action of July 18, 1986. 
In accordance with the legal right to be heard, the applicant was granted an 
opportunity to express his comments by June 30, 1987. SBK/INB delivered its 
letter of reply to the authority on June 26, 1987. That step, and discussions 
among between the BMU (the German Federal Ministry for Environmental Protec
tion) and MWMT starting in July 15, 1987 about further steps in the licensing 
procedure are the reason why MWMT has not yet expressed its announced refusal.

In addition, SBK in December 1987 rephrased its earlier licensing application 
7/6 with the Düsseldorf Ministry of Economics. While the old version had 
focused on storage of the core elements In the Kalkar plant, that point has 
now been reserved for a later application. The new application comprises those 
parts of the plant for which positive Technical Inspectorate (TÜV) expert 
opinions either have already been produced or have been completed 1n prin
ciple, e.g., installations for plant security and additional ventilation 
measures. From SBK's point of view, no delaying objections can be raised 
against licensing of those parts. If the licensing authority were to express a 
positive decision, the time up to the storage permit (probably more than six 
months) could be used to complete the required internals mentioned above and, 
in this way, save expenses and time.

Judging from the attitude of the licensing authority, it is not likely that a 
decision on application 7/6 will be made before the end of 1988, all the more 
so since additional expert opinions have been and are to be commissioned, the 
outcomes of which have been made preconditions to a decision about 7/6.

The "Pressurized Components" Committee of the German Advisory Commission on 
Reactor Safeguards (RSK) concluded with a positive finding its deliberations 
of the cause and effect of the stains observed on the vessel wall, the depo
sits on the internals, and the integrity of the mixed weld. The RSK Committee 
on "Sodium Cooled Reactors" elaborated a comment on the importance of the 
Chernobyl accident to the Kalkar Nuclear Power Station, which was adopted at a 
plenary meeting of the RSK.

On September 30/0ctober 1, 1987, the RSK held a meeting on safety problems of 
the SNR-300. The discussion concentrated on the Initiating phase and on SIMMER 
calculations of recritical1ty in major accidents. In preparation of the 
meeting, the RSK had sent catalogs of questions to six foreign expert groups 
in the USA, U.K., France, and Japan, replies to which were received by mid- 
September. The meeting was held at the Federal Chancellery and attended by 
representatives of the Federal Ministry for the Environment, the Düsseldorf 
licensing authority (MWMT), the BMFT, the Reactor Safety Association (GRS), 
foreign expert groups, and of the Bremen group of Kollert, Donderer & Boikat.



2.5 Introduction of the "Shoestring Model" for Continuation of the Project 
during the "Waiting Phase "

The impossiblity to set up a timetable of the further course of the licensing 
procedure, and the project cost overruns this entailed, necessitated immediate 
measures to be taken in the second quarter of 1987 in order to be able to 
continue the project at minimum financial expense. SBK and INB in principle 
agreed to minimize pro rata project expenditures by making drastic personnel 
cuts in the construction and planning sectors and by reducing non-personnel 
costs.

Since July 1987, only activities are performed which are necessary as a 
precondition for the granting of permit 7/6. For the power plant, this means 
that all remaining assembly work has been stopped and the plant is run by a 
joint pool of INB and SBK personnel managed by INB. In the planning divisions 
of INB and its main contractors, personnel was reduced to the minimum neces
sary to keep the project g d n g  and finish some last Items resulting from the 
licensing procedure of permit 7/6.

3. Planning a Demonstration Breeder

3.1 Technical Planning Status

Conceptual planning of the SNR-2 was continued in 1987 on a similar scale as 
before. Most of the activities were focused on engineered safeguards problems 
and economic questions. Technical planning work on the nuclear steam supply 
system concentrated on further confirmation of the safety concept. That 
concept is based on inherent characteristics of sodium cooled reactors, thus 
contains preventive elements and makes use of passive heat removal from the 
core and from components of the reactor shut down after an accident.

This work was brought to a preliminary conclusion in late 1987. It confirms 
the fundamental feasibility of the passive safety concept In some major 
points, namely
- feasibility of a heat removal system using natural convection,
- feasibility of a reactor closure head able to function without an active 

cooling system in accident situations,
- minimization of the emergency power requirement In such a way that no 

emergency power diesel engines are required to ensure technical safety 
functions,

- feasibility of handling core elements under sodium.

At the same time, this planning status allows the R&D problems to be Identi
fied which are deemed to be required for further corroboration and optimi
zation of the concept, namely
- definition of R&D activities on the reactor closure head,
- definition of a test program for a sod1um-air heat exchanger with natural 

recirculation on the sodium and air sides,
- definition of an R&D program for handling core elements under sodium.

3.2 Further Development and Optimization

In the second half of 1987, EFRIIG (the European Fast Reactor Utility Group) 
was requested by the national electricity utilities to negotiate with European

manufacturers about planning a nuclear steam supply system of a European Fast 
Reactor (EFR).

Present conceptual planning of the SNR-2 has reached a stage allowing major 
targets of the SNR-2 to be introduced into the EFR concept as a German contri
bution. This applies in particular to the preventive concept and the concept 
of decay heat removal. Both concepts add to the self-sufficiency, in terms of 
engineered safeguards, of the nuclear steam supply system, thus relieving the 
balance of plant (BOP) of engineered safeguards duties. This permits more 
cost-effective solutions to be achieved for the BOP.

3.3 International Cooperation on the European Fast Reactor

With a view to further harmonization of European breeder development up to the 
preparation of joint planning of the EFR concept, work in a number of working 
groups in 1987 has been of special Importance. The acitivtles pursued by those 
groups will be briefly outlined below.

3.3.1 Steering_Cgmmittee

The Steering Committee of the EFR development dealt with the following techni
cal subjects in 1987:

- Analysis of the new American breeder concepts (reactors of less power and 
using metal fuel).

- Representation of the Inherent safety characteristics of large reactors.
- R&D requirements for straight-tube steam generators made of ferritic steel 

was stressed with respect to the future joint European breeder development.
- Potential technical options for the future joint European reactor (EFR), and 

their potential repercussions on the R&D program.
- Current accidents, such as the sodium leakage in the storage facility for 

spent fuel elements in the SPX 1, and the failure of steam tubes 1n the PFR 
superheater; potential consequences arising to the R&D program.

3.3.2 EFR_Common_Mgdel_Team

In May 1987, a working group was established to prepare EFR planning activi
ties, which 1s made up of two staff members each of INB, Novatome, NNC, 
Ansaldo. The group is called Common Model Team (CMT) and has been given the 
task to collect proposals for cost reduction relative to the SNR-2, SPX-2, and
CDFR projects pursued so far. The proposed improvements will be arranged by
urgency and passed on to the responsible technical departments for further 
treatment; they will constitute the basis of joint activities on the EFR 
concept.

3.3.3 EFR_Safet^.Worklng_Group

The group was established in spring 1987 for the following purposes:

(1) Analysis of existing criteria and rules of technical safety.
(2) Proposal of a joint safety philosophy in some major points; translation 

into safety criteria.
(3) Drafting design characteristics of a future EFR in line with the jointly 

defined safety criteria.



By the end of the year, the following topics had been treated:
- External impacts.
- Internal impacts.
- Principles of treating design basis accidents.
- Basic engineered safeguards characteristics.
- Concept of decay heat removal.
- Reactor protection and shutdown elements.
- Containment measures for risk minimization.
- Integrity of the core support structure.
- Sodium leaks and fire protection.

The topics had been arranged primarily under the aspect of finding points of 
agreement and, where different points of view prevailed, clarify how a common 
approach could be found with a view to EFR planning.

3.3.4 EFR_Structural_Analyses_and pesign_RuIes_Wgrk1ng_Grgug

This working group has been set up to achieve agreement among the partners in 
assessing the problems discussed by the partners. This often resulted in 
lengthy, complicated debates. The main points treated were these:
- Relevance of creep.
- S - and S.-values.
- Influences of Irradiation.
- Sodium effects.

Concluding reports on these topics are being prepared. The work of the group 
will be continued in 1988, and the following main topics have emerged:
- Elastic creep-fatlgue analysis.
- Thermal striping and vibrations.
- Demonstrations of weld quality.

Stress evaluation, etc.

3.3.5 EFR_Pass1ve_Safety_Working_GrouB

The group above all is to elaborate a joint evaluation of the passive safety 
concept proposed for the SNR-2. Its members come from Ansaldo, NNC, Novatome, 
and Interatom. Since the autumn of 1987, also CEA has participated with 
thermohydraul1c analyses.

The activities were concentrated on these points:
- Thermohydraul1c analyses of decay heat removal 1n case of failure of plant 

supply.
- Evaluation of in-vessel fuel storage positions.
- Evaluation of Immersion cooler variants.
- Thermal studies of the vessel and closure head structures.

III. PROGRESS IN RESEARCH AND DEVELOPMENT

The following survey 1s a summary of the most important research and develop
ment projects and the results of activities of the DeBeNe partners for the 
fast breeder project in 1987.

1. Core Elements

Materials for fuel, blanket, and absorber elements are being studied and 
developed further. One main aspect 1n these activities is the extension of the 
1n—p11e time of components 1n order to reduce the operating costs of breeder 
plants.

The SNR-Phén1x 1n-pile experiment, which had been 1n Phénix since December
1983, achieved topical significance as a result of the wear marks found on rod 
cladding tubes 1n the second core of KNK II. In both reactors, the 7.6 mn 
thick fuel rods had been held together by spark eroded spacers of Identical 
specifications. While several rod defects had occurred 1n KNK II, which had 
clearly been due to Interaction with the spacers, there was no indication of 
any defect during the Phénix 1n-pile experiment. One of the two Phénix bundles 
had attained a burnup 1n excess of 9 % Fima 1n 634 ful 1-load days. Subsequent
ly, all 127 fuel rods of this bundle were withdrawn and Inspected visually, 
and fret marks were found also on these fuel rods.

Whether the KNK II rod defects represent a defect mechanism specific to this 
reactor must be answered negatively 1n the light of recent findings. However, 
different and more favourable reactor conditions of the kind prevailing 1n 
Phénix could raise the failure threshold high enough for 1t not to be reached 
even over long in—p11e times.

Because of the observed interaction between fuel rods and spacers, the Mk.II 
test elements for the SNR-300 will be rechecked. The spacer design will be 
modified so as to exclude wear of the cladding tube. Various possibilities are 
being Investigated to reduce or eliminate altogether the radial play of the 
fuel rods 1n the spacer cells. One possible way of achieving this is by 
arranging the spacers 1n the wrapper tube axially 1n such a way that they are 
radially displaced relative to each other, which holds the fuel rods under a 
slight clamping effect (Fig. 8). Another possibility of slack-free rod support 
1s the use of soft/elastic spacers. In this case, the rod 1s held in the 
spacer cell by elastic latches. Series of tests are being conducted to de
termine the spring characteristics of various spring designs. In particular, 
springs of different lengths have been studied.

The chemical reactions of some aggressive fission products with the cladding 
materials of breeder fuel rods, together with the oxygen potential of the 
oxide fuel, may result 1n corros1on-like fracture and In failure of the fuel 
rods. The Influence of Cs~Te+N10 upon cladding tube specimens of various 
classes of materials (15/Í5 Ct-NI austenlte, austentites with reduced Cr 
content and Increased Ni content, martens1t1c-ferrit1c 12 % Cr steel) has been 
Investigated 1n rupture tests and tenslle-creep pipe tests at 700 °C. The 
austentitlc alloys with reduced Cr content were found to show greatly reduced 
t1mes-to-rupture and ultimate elongations and also indicated parting due to 
stress corrosion cracking. Austenitic 15/15 Cr-Ni steel (material No. 1.4970) 
shows a clearly better behavior, and the martensitic-ferrltic material No. 
1.4914 was found to be Insensitive to stress corrosion cracking. Long-term 
tests without the addition of oxidizing fission products were continued with 
the austenitic reference material, 1.4970 kv, in standard cladding tubes and 
longitudinally welded and drawn tubes at various test emperatures. The welded 
specimens have meanwhile accumulated more than 12,000 h, the standard tubes at
65,000 h attained an elongation of 0.2-0.3 % without the specimens rupturing.



Experimental rig for determining the forces 
required for inserting the rods

Fig. 8: Radially displaced arrangement of
spacers to eliminate the radial play 
of fuel rods

The Mol 10 test series in BR 2 has been completed and evaluated. It was 
conducted to study plastic cladding expansion due to mechanical interaction 
with the fuel up to rather high burnups (a maximum of approx. 9 %) and compare 
the findings with the corresponding model concepts. The PSTAT model computer 
code was found to give a satisfactory description of the cladding expansion 
behavior in the presence of major changes in rod power for an oxide fuel rod 
with the reference cladding material, 1.4970, of the SNR-300. Reservations 
must be made with' respect to softer cladding material.

Operating ramp experiments demonstrated the influence of fuel density on the 
fuel/cladding interaction.The KAKADU in-pile experiments conducted in the 
Petten HFR served to study the behavior of fuel rods typical of the SNR-300 
under repeated power increases following steady-state operation over a pro
longed in-pile period,of time (so-called operating ramps). It was seen that 
lower fuel density has disadvantages not only with respect to the chemical 
Interactions of the fuel with the cladding, but also with regard to the 
mechanical interaction, which drawbacks are felt in cyclic operation.

Design work for the TOAST experiment 1n KNK 11/3 has been completed. The 
purpose of this "tolerance expansion study" is to reduce the costs of manu
facturing and testing breeder fuel rods. Two 1n-pile test bundles for begin- 
of-life and end-of-life conditions, respectively, each containing 19 oxide 
fuel rods with different parameters, have been planned for Irradiation for 
various periods of time (70 full load days and 650 full load days, respective
ly) in the reusable annular carrier fuel element.

KfK, together with Alkem, is further developing methods of fabricating fuel 
pel lets. Investigations of the reduction sintering technique in a dilatometer 
unit indicated that, as long as dry gas had been used for the sintering tests, 
no cracks were found in the pellets. Constant application of moisture over the 
entire test period resulted in some very massive cracks. They could be avoided 
by continuously decreasing the degree of moisture in the sintering gas after 
the onset of sinter (under the test conditions selected, starting at approxi
mately 1400 °C).

2. Reactor Physics and Nuclear Core Design

As a preliminary study to the joint critical experiment. CONRAD, of CEA/UKAEA/- 
DeBeNe in the French MASURCA facility, comparative calculations were made of 
the three proposed critical assemblies and one. SNR-2 design. The resultant 
reactivity worths of control rods were found to depend sensitively on the 
U-238 cross sections underlying the calculations. In general, the findings are 
in agreement with those of a sensitivity study run by CEA on the basis of 
perturbation theory for various types of cross sections and materials.

Some of the absorber experiments conducted in SNEAK 12C2 1n 1985 were compared 
with computed results. Surprisingly low С/E values were found. Improved 
methods of calculation and systematic parameter studies so far have been able 
only in part to explain and remove this discrepancy.

The measurements performed in the course of nuclear commissioning of the SPX 1 
are being evaluated on the basis of KfK data and methods of computation. For 
the effectiveness of the control rods a difference between the experiment and



the calculation is found to be on the order of 15-20 %. This discrepancy is 
mainly thought to be due to the fact that the very complex structure of the
SPX 1 absorbers so far has not yet been taken into account in sufficient
detail in determining the macroscopic cross sections. Refinement 1s under way.

The influence of the core size upon some parameters of breeder reactors has 
been studied. On the basis of the SNR-2, with roughly 4 m core diameter and 
3380 MW thermal power, the core was reduced in a calculated approach to 
roughly 1 m core diameter and 237 MW power. The following trends become 
apparent with declining core size:
- The determining quantity is the plutonium content, which rises especially 

in the outer fuel zone.
- The maximum levels of neutron flux, power per unit length, burnup, and dose 

commitment are hardly dependent on size; only the smallest core studied, 
with 237 MWth, differs slightly from the other cores.

- In their ratio of maximum dose commitment and average burnup, small cores 
are less favorable by up to 10 %.

- The loss-of-coolant effect is determined mainly by the Pu content and
decreases clearly in smaller cores. In the smallest core studied, the 
reactivity effect associated with the loss of sodium within the fuel
wrapper tubes of the fuel zone is +10 C. No negative void effects have been
achieved so far.

- The fuel cycle costs rise by up to 25 %. In addition, plant availability is 
lower because of shorter cycle times.

- The internal breeding ratio of small cores 1s clearly (approx. 0.3) below 
that of large cores. In order to raise the cumulated breeding ratio back to 
the level of large cores (approx. 1.0), the radial blanket would have to be 
enlarged markedly, which would have economic drawbacks.

Interatom elaborated a project proposal on the development of a harmonized 
European core design code system, which defines the further development of 

this work and also the interim results to be generated. Once the proposal has 
been adopted by the European AGT 3 Working Group, analysis and specification 
work on drafting a 11st of performance data will be started 1n early 1988 at 
Interatom together with CEA and UKAEA.

For a reactor core of 3400 MW.. 1t was Investigated whether specific design 
measures would achieve a reduction in fuel cycle costs without compromising 
the safety characteristics. Here are the most Important findings:
- The fuel rod diameter of, so far, 8.5 mm should be retained. In this way,

on the one hand, the good breeding properties of cores with thick fuel rods
and the long 1n-p1le cycle times (8 and 2 years, respectively) they achieve 
can be used and, on the other hand, enlarging the core dimensions can be 
avoided.

- The height of fissile material should be raised from 100 cm to 125 cm to
reduce excess burnup. The associated Increase 1n the sodium void effect
should be compensated by raising the pressure loss from 3.4 to 5 bar.

- The number of fuel elements should be reduced from 414 to roughly 350. In
this way, the same shutdown effectiveness of the absorbers can be achieved
with lower B10 enrichment, and local overload effects due to faulty with
drawal of individual absorbers are clearly reduced.

- The maximum nominal linear power should be reduced from 450 W/cm to some
360 W/cm, which Increases in-pile Ufe, reduces excess burnup, achieves a
greater margin relative to the permissible linear power and, consequently, 
Increases operational flexibility.

3. Fast Reactor Safety

One major aspect of the safety studies 1s constituted by the complex of fuel 
rod failure, loss of coolant flow, and power transients as potential causes of 
accidents. Studies conducted to control credible accident consequences were 
devoted, among other topics, to ensuring the decay heat removal from fuel 
melts. The behavior of aerosols, effects of sodium fires, and sodium/concrete 
interactions constituted another major topic in this connection.

Future breeder concepts are to make use of passive safety characteristics as 
far as possible, especially 1n removing the decay heat 1n the reactor vessel, 
in the sodium system, and on the air side only by natural circulation.

The computation times required for the application of SIMMER will be reduced 
considerably. The SIMMER code for the analysis of fast breeder reactor acci
dents requires computation times on the order of 20 - 40 hours on modern 
high-performance computers for realistic studies with an adequate degree of 
modeling, roughly half of which time each 1s used for the thermohydraulic and 
the neutronlc part. In order to Improve the efficiency in calculating the 
neutron flux distribution 1n a transport approximation, the newly developed
NLM (non-linear Lewis Miller) method is being tried in a test code at the Los
Alamos National Laboratory (LANL) with the participation of KfK. In addition 
to various other favorable properties it also promises to reduce computation 
time by a considerable margin.

In this process, an equation appears which 1s similar to the Inhomogeneous 
neutron diffusion equation, which so far was solved by the program part 
contained 1n SIMMER based on the LSOR (Line Successive 0ver-Relaxat1on) 
method, which took some 4/5 of the computation time to determine the neutron 
flux distribution. This relatively large proportion of computer time 1s to be 
reduced considerably by replacing the LSOR method by a multi-grid-method. At 
LANL, the BOXMG code newly developed for this method was available for use 
first 1n a test code and later in SIMMER.

An investigation was conducted within a core design study to find out to what
extent the positive sodium void reactivity can be reduced in a fast breeder 
reactor of roughly 3000 MWth. It was seen that, if a modular core design is 
used, the reactivity value can be reduced to 1 - 1.5 $ for the sodium loss
over the entire fuel zone; further reduction appears to be impossible in a
halfway realistic core design.

Experiments performed in the Annular Core Research Reactor (ACRR) demonstrated 
fuel dispersion in the ULOF accident. With the participation of KfK, the STAR 
(Sandia Transient Axial Relocation) experiments had been conducted in the ACRR 
in 1983 - 1986; their evaluation 1s now available. They have been proceded 
until 1982 by the so-called Fuel Disruption experiments in the ACRR. Both 
series simulated an unprotected loss of flow (ULOF).The most important result 
of the STAR test series was the direct optical observation that, in the 
expected development of an ULOF accident in the burn-up core of the SNR-300 
(failure at 10 to 20 times the rated power), there is a pronounced dispersive
axial fuel movement after rod failure. This movement out of the core, which
reduces reactivity, 1s driven Initially by the fission product gas pressure 
and then also by the entrainment action of the sodium vapor. Separate movement 
of the cladding material does not occur in transients typical of the SNR; this 
means that the early formation of steel blockages can be excluded. The obser-



vatlons mainly confirm the model assumptions made 1n accident analyses with 
the SAS-3D code.

In two 7-rod bundle experiments of the SIMBATH series, the course of a LOF-TOP 
was simulated with thermite. For this purpose, the bundle of the simulation
fuel rods was combined with a bundle of electric heaters in the upper
simulated blanket. Special test conditions allowed the hydraulic conditions 
and the temperature profile to be approximated to those expected for a fuel 
element still filled with monophase sodium at the onset of a power transient.

The Mol 7C/5 coolant blockage test has largely been evaluated. It had been 
carried out with pre-irradiated rods of 17.5 MWd/kg burnup. A cavern enclosed 
by a fuel crust all around had formed. Micrographs have meanwhile been made to 
determine the fuel distribution around the cavern in the failed region (Fig. 
9) as well as the heat flow density. At present, the surface temperatures are
being studied which must be expected to prevail in the environment of the
cavern as a result of geometry and materials conditons.

— Probe 5

Probe U

'— Probe 3

—  Probe 2

Fig. 9: Longitudinal section of the Mol 7C/5 
blockage

The Mol 7C/6 experiment is to be run with fresh KNK I1/2 fuel rods (Fig. 10). 
This will be a closely packed test bundle with 19 fuel rods and an edge 
blockage taking up roughly one third of the bundle cross section, which has an 
axial extension of 40 mm and is filled with highly enriched fuel. Plans have 
been made, among other points, for the quantitative assessment of fission
product releases from a highly degraded fuel element (source term problem),
especially measurements of the activity concentrations of various fission
products in sodium as a function of time. The measurements are planned to be
conducted for both experiments, Mol 7C/6 and Mol 7C/7.

Fig. 10: KN K  11/1 fuel pin wifh extension  piece 

fo r  MOL 7C /6



Evaluation of the CABRI-1 transient experiments will take at least until 1988. 
The results of the CABRI program have greatly added to our understanding the 
phenomena associated with accidents. They have furnished large volumes of 
mesasured data, which were used for the advancement and verification of models 
applied 1n the safety analysis of fast breeder reactors.

The AH3 and BH3 CABRI experiments were subjected to post-1rradiat1on examina
tion. The Importance of fuel/steel mixtures for the mechanism of blockage 
formation was discovered. In addition, the behavior of fission products was 
studied, especially of I, Cs, and Ru. Cs practically suffered no axial redi
stribution up to an energy release of approx. 0.6 kJ/g during the transient 
and, therefore, seems to play only a minor role as the driving force behind 
materials movements.

Since Juli 1986, CEA, KfK, UKAEA, and the Janapese PNC have defined a test 
matrix for a CABRI follow-on program (CABRI-2). The respective industrial 
groups participated 1n the discussions and support the matrix. Compared to 
CABRI-1, its main parameters are these:
- High burnup: 1n excess of 10 % (CABRI-1: approx. 5 %).
- Typical cladding material: 1.4970 (CABRI-1: 316 SS).
- Pellet designs: annular pellet - solid pellet (CABRI-1: only solid pellet).
- Slow power excursions: 1-10 % Pg/s, i.e., design basis accident and Bethe- 

Tait aspects.
- Other types and phases of accidents: transition phase, loss of heat sink, 

control rod withdrawal.

The FAUST-2B test programm provided information about retention factors in 
major accidents. In the FAUST program, the consequences of prompt-critical 
power excursions are simulated by tests with rupture disk discharges under 
liquid sodium in order to provide information about the instantaneous aerosol 
source term. The FAUST-2B test rig is equipped with a 1.5 litre rupture disk 
source tank for a maximum of 300 litres at a maximum of 540 °C. The tank I1d 
has several openings fitted with pneumatic valves to simulate leakages (F1g.
11). The material escaping from the cover gas in this way is collected 1n 
external sampling vessels, which can be evacuated. Preliminary evaluation 
resulted in retention factors in the range of 10 .

In the next phase of the FAUST program (FAUST-3), the rupture disk source will 
be replaced by a pulsed current source to evaporate U02 under sodium.

Investigations of the sodium/concrete interaction have been started. One 
precondition for this startup was the recent reinforcement of the FAUNA 
vessel, for safety reasons, to an elevated design overpressure of 10 bar, 
which may be expected to arise in the high energy release of the reaction of 
the melt under study with the quartz concrete. However, a factor of special 
Interest is the hydrogen evolution 1n the sodium/water Interaction, which 
includes both "normal" moisture and the water of crystallization of the 
concrete.

In addition, the program of sodium-fire studies has been expanded and con
tinued. In this experimental program, which was initiated especially by CEA 
Cadarache, new approaches are to be verified in a sodium fire code. The 
Reynolds number of the sodium jet is of particular Importance 1n these ex
periments and in the code. The Reynolds number, which 1s made up of the

diameter of the nozzle and the discharge velocity of the sodium jet, ulti
mately is a measure of the sodium flow. The experiments and the code develop
ment are pursued to describe the effects of a sodium fire mainly by means of 
the Reynolds number, without having to rely on the characterization of quanti
ties difficult to assess, such as the droplet diameter and the cone of the 
jet.

Fig. 11 : The FAUST facility



Verification of the CONTAIN computer program, which was taken over from 
US/NRC, covers aerosol models, sodium pool fires, heat transfer 1n structures, 
and materials transport between cells. The theory of the PARDISEKO code 
developed at KfK is to be Integrated into the aerosol part of CONTAIN. FAUNA 
pool fire tests, two ESMERALDA tests, and one test in Hanford were analyzed 
with respect to CONTAIN. CONTAIN seems to be suitable for the prediction of 
consequences of sodium fires. Establishing an Integral containment model on
the basis of the SNR-300 has been started.

The depth of penetration of core melts into steel structures was determined at 
KfK. To study freezing processes up to driving differential pressures of 10 
bar, which corresponds to the conditions in the transition phase of a major 
accident, the THEFIS (Thermite Freezing in Structures) test facility was used 
to investigate the influence of overheating metal and oxide melts on the depth 
of penetration into steel tubes. In agreement with an improved version of the 
PLUGM code taken over from Sandia, the experiments show that the depth of 
penetration depends only very little on overheating. In all cases, even where 
the structure melted, stable oxide crusts were observed, and the depth of 
penetration can be described by an improved conduction-limited freezing model. 
Preparatory work for bundle experiments has been started.

In the SNR-300, the Immersion cooling system used for decay heat removal in
the Immersion cooling chains and 1n the ventilation stack operates in the 
forced convection mode. However, considerable amounts of heat are removed also 
1n the natural circulation mode. Interatom studied the startup behavior and 
the performance under natural circulation conditions at an isothermal plant 
temperature of 400 °C under two different boundary conditions:
(a) without an air circulator in the stack,
(b) without active components (air circulator and electromagnetic pump).
The results are 1n good agreement with the comparison calculations made with 
the NANO program; consequently, valid extrapolations could be made to the 
emergency cooling case:
Although the emergency cooling systems of SNR-300 have not been designed 
specially for natural circulation conditions, and this mode of operation does 
not play a role in the design basis accident of the SNR-300, reliable startup 
of natrual circulation in the emergency cooling systems from an Isothermal 
state has been demonstrated. The thermal power that can be removed in this way 
corresponds to the data underlying the risk study for the SNR-300.

The KfK test rigs used to study natural convection in the SNR-2 have provided 
more interim results. The NEPTUN vessel for water experiments on a 1:5 scale 
has now been completed to such an extent that assembly 1s possible. Assembly 
of the leakage water trough has already been started.

The temperature fields in the upper plenum were measured by means of the 20 
half-disk model, the steady-state flow patterns were photographed, and the 
flow events associated with the start of core heating and connection of the 
Immersion cooler as well as 1n the steady-state mode of operation were re- 
coreded on video tape. The 2D ful 1-disk model was used for experiments simu
lating a variety of core pressure drops with symmetrical and asymmetrical 
heat removal by the two immersion coolers; temperatures and velociaties were 
measured on traverses of interest.

For the RAMONA water test rig (1:20) also transient conditions were investi
gated for the first time in such a way that the upper plenum was first heated 
and, at a certain point 1n time, the Immersion coolers were suddenly connec
ted. This resulted in flow reversal 1n the core, which returned to a stable 
upward flow only after several hours.

The C0MMIX-2 thermohydraul ic code of ANL 1t to be used for computer analysis 
of the natural convection experiments performed at KfK. For this purpose, it 
is being adapted for use on modern vector computers 1n order to avoid excessi
ve computation times.

At Interatom, a test rig 1s being built for the sodium/air heat exchanger of
the SNR-2 decay heat removal system. Component and model tests are to be run
on that test rig to study heat transfer and pressure loss 1n the heat exchan
ger bundle, the influence of the environment (wind), and the mechanical 
behavior of the air dampers of the natural-draft stack.The systems test of the
sodium/air heat exchanger 1n the natural-draft stack is to demonstrate the
functioning capability of this system in all steady-state and transient modes 
of operation under all credible meteorological conditions.

4. Methods of Measurement for Monitoring Plant Performance

Measurements for monitoring plant performance are important with regard to 
preventive measures against breakdowns in the region of the reactor core, the 
cooling systems, and their components. The data supplied by the measuring 
instruments are processed, partly with the help of pattern recognition tech
niques, so as to enable accident diagnoses to be made. An appropriate core 
monitoring system is to be demonstrated in KNK II.

As has been shown in laboratory tests, distillation methods to determine
impurities in primary sodium can be applied under certain conditions. Assays 
for trace impurities in sodium metal generally require that the bulk of the 
sodium matrix be removed first as quantitatively as possible. In many cases, 
this can be achieved by stripping the metal in the high vacuum at approx. 360 
°C. In the case of impurity metals with vapor pressures almost as high as that 
of sodium at this temperature, losses in sodium distillation must be expected 
to occur. Consequently, radionuclides were applied 1n three test series to 
determine such stripping losses. It was found that Zn-65, Cs-134, and Cs-137 
can be determined only unsatisfactorily in the distillation residue. Mn, Co, 
Sb, and, subject to certain reservations, also Ag ought to produce reliable 
data with respect to their contents in sodium when assayed for in the distil
lation residue.

In the NATAN loop and in KNK II, experiments were run successfully on the
removal of Zn (Zn-65) on copper from a sodium flow.

A cesium trap was installed in the primary system of KNK II. Theoretical 
assessments and operating experience with failed fuel rods 1n sodium cooled 
reactors in operation have shown the Cs-137 and Cs-134 isotopes among all 
fission products to contribute most to the coolant activity. For this purpose, 
a cesium trap, including a standby trap and the necessary supporting systems,
has been installed in the primary sodium purification system of KNK II. The



loading capacity of the trap has been designed so that it will most probably 
be sufficient for the entire operating life of KNK II. Experience so far has 
proved approx. 200 °C to be the most advantageous operating temperature of Cs 
traps. Consequently, measures must be taken in KNK to cool and reheat the 
sodi um.
The design of the trap 1s largely identical with that of the trap used in 
RAPS00IE.

For better knowledge of the tritium paths in breeder facilities, and to 
determine tritium losses in the water/steam system, permeation probes are 
being developed which allow tritum to be measured continuously in sodium and 
in the cover gas of the primary and secondary systems.

A palladium-silver probe developed for improved sensitivity of detection in 
cover gas measurements was tested in a laboratory experiment over 1500 hours 
at 510 °C. Advantages relative to the nickel probe were demonstrated in the 
test. One disadvantage of the palladium-silver probe could be its higher 
solubility to hydrogen isotopes, which results in prolonged startup times and 
in memory effects. However, final results on this point can only be obtained 
from reactor experiments, which are to be conducted within the KNK II test 
programm.

The temperature compensation method of sensitive monitoring of fuel element 
coolinq is being applied on a broader basis. After completion of the trial 
phase in Phénix, methods of temperature compensation and procedures deter
mining fuel element parameters are being applied in KNK II and 1n Super 
Phénix. In KNK II, drifting of the enthalpy ranges of test zone fuel elements 
was traced precisely. In the second core of KNK II, oscillations were observed 
not only in test fuel elements, but also 1n the driver fuel elements. In Super 
Phénix, the unexpectedly large temeprature fluctuations at the fuel element 
outlets, which were particularly high at the edge of the core and in the 
blanket, were investigated and interpreted 1n terms of thermohydraulics.

Measurements of sodium temperature fluctuations for accident detection are 
conducted in KNK II. The fuel elements in the blanket and in the driver zone 
of KNK II are monitored by the CODINAS computer-aided signal analysis system. 
The к-value (ratio of the RMS value of temperature fluctuations and the fuel 
element enthalpy range) calculated for each fuel elemnt is scanned by the
system every 30 seconds and stored. The different к-values of the fuel ele
ments are mainly due to the radial power profile in the core of KNK II, which 
results in major temperature gradients especially 1n the area of the driver 
zone. The к-values of most fuel elements were nearly constant throughout the 
period of plant operation. However, in some fuel element positions, k-values 
were found to rise or fall in the long term.

The test series devoted to the use of free fuel test surfaces in KNK II has 
been evaluated. Here are some of the findings:
- Even minor cladding defects of 1 mm2 defect area at the level of the

fissile material column produce a delayed neutron signal.
- Although Irradiation of the test rods extended over several weeks, no

enlargement of the defect and no major fuel entrapment was observed.
- Even with fresh fuel and at low concentration in the sodium, uranate was 

able to form in the defect region.

In fast breeder reactors, on-line cover gas monitoring is achieved mainly by 
the use of gamma spectrometers with Ge detectors; occasional spectrometer 
failures are unavoidable. A simple precipitator has proved to be sufficient to 
bridge the repair time. Good agreement was found between the integral Ge 
detector signal and the precipitator signal.

KNK cover gas monitoring has been improved. To increase the dynamic range of 
on-line cover gas monitoring by precipitators, the Geiger-Müller counter used 
sogfar was exchanged for a plastic scintillator with a maximum count rate of
10 cps. The outside of the measurement rig carries a sufficiently fast 
photomultipl ier.

5. Components. Structural Materials, and Thermohvdraulics

Materials of the vessel and of other components are investigated mainly with 
respect to their long-time characteristics (structural integrity), especially 
with regard to the influence of sodium and irradiation effects. Methods of 
fracture mechanics are applied to detect the failure characteristics of vessel 
and pipes and achieve acceptance of the leak-before-break criterion in future 
licensing procedures.

In agreement with the external partners, a material for the reactor vessel has 
been chosen for future large European breeders, which differs from the steel 
used in the SNR-300.

The creep characteristics of the SNR-300 structural material. 1.4948. at very 
low neutron dose were investigated. One batch of the material had been exposed 
to thermal neutron fluences between 3x10 and 2.jb<10 n/m2 at 823 К in the 
Petten HFR. This resulted in a He content of 10 to 20 appm. Two original 
batches of the SNR-300 vessel were irradiated at 325 К up to comparable lesion 
and helium formation levels. Creep tests and microscopic examinations revealed 
major radiation effects at He contents below 10 appm. As the He content 
increases, the time-to-rupture and creep ductility decrease. Sheet metal 
batches with small grain sizes (60 цт) and homoeneously distributed boron 
showed a tendency towards embrittlement at a He content above 10 appm. The 
irradiation temperature has but a slight influence on creep behavior after 
irradiation.

Also stable crack growth in austenitic thin-walled large straight tubes is 
being investigated under the most realistic conditions possible. The tests 
serve to verify advanced fracture mechanics methods of calculations.

A new fracture mechanics test rig has been installed at ECN. The rig, which 
was designed and built at the Laboratory for Highly Radioactive Materials, 
serves for the investigation of irradiated steel specimens. It consists of a 
lead-shielded servohydraulic testing machine for loads up to 100 kN. It also 
includes facilities for crack detection and surface fracture examination and a 
shielded storage facility for bulky specimens. The plant has been designed to 
test also samples of limited size, e.g., materials specimens of the monitoring 
capsules of the SNR-300.

The CREVONA sodium test rig for creep-rupture tests at KfK completed 45,000 
hours of operation under design conditions 1n late 1987. The rig has produced 
important findings for the SNR-300 since 1980 and also provided insights into 
the mechanism of sodium action and the associations with sodium chemistry.



Moreover, contributions have been made to joint programs conducted with the 
European partners. The rig continues to function reliably and is equipped with 
exemplary measurement and analytical instruments.

Test results are available on the 316 L mod (=1.4909) structural material. As 
far as the creep and creep-rupture behavior of 1.4909 under sodium is con
cerned, comparison with parallel tests conducted in air at Interatom shows a 
clear reduction in the time-to-rupture brought about by sodium, which is
caused by a reduction of ductility in the tertiary creep range. Parallel creep
tests performed on the same batch of the material in KfK's CREVONA loop did 
not reveal this effect. As the differences between sodium loops lie in their 
carbon activity, subsequent metallographlc examinations are being conducted 
along these lines.

The relaxation tests carried out at 550 °C on 1.4909 material were completed, 
and some first results obtained at 600 °C are now available. The influences of 
temperature, the strain amplitude, and the strain rate were investigated. At 
550 °C, the material shows almost no relaxation, independent of the strain 
rate, especially at strains below 0.2 %. Considerable relaxation does not 
begin until 600 °C.

The coupled GASM0-LIWAK program system has been used to carry out transient
temperature analyses on a representative section of the outer closure head
area. The mechanical, steady-state thermal, and transient thermal loads were 
determined separately in order to make visible the influence of excessive 
temperatures on the stress level in case of a loss of coolant and to allow the 
effect of Insulating measures to be assessed. The result 1s this: If moderate 
insulating measures are taken, a permissible stress level is established in 
the reactor closure head even 1f the cooling system fails. This theoretically 
demonstrates the functioning capability of the closure head in case of tem
porary cooling failure. Now the assumptions about the insulating action of 
radiation baffles and gap adjustments must, above all, be converted into a 
real design and supported experimentally.

For the intermediate heat exhcangers and the steam generators of the SNR-300, 
multidimensional thermohydraul 1 с methods of computation were elaborated on the 
basis of the PHOENICS program. The calculations are to provide detailed 
Information about the flow and temperature characteristics under normal 
conditions and 1n accident events. The calculation models have been verified 
by results from the 50 MW Hengelo test facility. The comparison of measure
ments and calculations shows good agreement. 2D and 3D representations of the 
components by the finite difference technique have been made as modules for 
the PHOENICS program. This was done especially with a view to flexibility and 
general applicability. The following characteristics can be recognized:
- Flexible determination of geometry.
- Modular input of physical models.
- Bundle flow simulation.
- Separate thermohydraul 1c analysis of the tube inside which, e.g., allows 

the DNB region of the steam generator to be calculated (more) precisely.
- Determination of the flow distribution on the inside of the tube by way of 

the pressure boundary conditions in the headers.

Within the framework of European cooperation, PHOENICS calculations have been 
applied also in the respective CEA-DeBeNe-UKAEA work package since early 1987.

IV. INTERNATIONAL COOPERATION

1. Cooperation in Western Europe

The memoranda and agreements signed with France in 1976/77 resulted in a major 
expansion of cooperation. An extension of this cooperation to the United 
Kingdom and Italy was initiated with intergovernmental Memoranda of 
Understanding of January and industrial agreements of March 1984. In July
1984, a European Steering Committee was established for R&D coordination, to 
which eleven European working groups (AGTs) report. These drafted a detailed 
joint R&D program in the form of "work packages" for breeder development.

In the meantime, the European electricity utilities SBK, EdF, CEGB, and ENEL 
have established a working association designed to promote longer-term plan
ning of a joint European breeder. Also the Spanish electricity utility com
pany, Unesa, has demonstrated interest in participating in this European Fast 
Breeder Utility Group (EFRUG). Following a suggestion by EFRUG, the manufac
turing industries INB, Novatome, NNC, and Ansaldo set up a number of working 
groups in 1987 to conduct a planning study over the next two years. The most 
important technical characteristics of the plant are to be ready by 1990 and 
to be integrated in a detailed design draft. A preliminary safety report is 
hoped to be completed by 1992, and the detailed design draft is to be ready by 
1993, which means that construction of a joint European plant could then 
begln.

The details of organization of this industrial cooperation, and also the 
division of labor, are at present under discussion and definition.

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

1.1 In-pile Tests of Core Elements and Materials

Several DeBeNe Experiments have been completed, are under way and in the 
planning stage, respectively, in the French Phénix prototype breeder:
- Irradiation of fuel elements to confirm the Mk.II concept of the SNR-300 

was completed in 1986. In 1987, post-irradiation examination (PIE) of one 
of these fuel elements irradiated to a burnup of approx. 10 % (with the 
cladding material 1.4970) began.

- The experiments, performed jointly with CEA, to study the mechanical 
(P0USSIX) and chemical (GIGONDAS) interactions between the fuel and the 
cladding tube will be finished in 1988.

- To study fuel element materials, the CR0MIGN0N (10Cr25Ni) and SAMARCANDE 
(1.4914) experiments as well as PIE and evaluation of the CHARLEMAGNE, 
OLIPHANT, and HILDEGARDE experiments (1.4970 as the wrapper tube material) 
will be performed.

In the British PFR Prototype Fast Reactor, the behavior of SNR cladding and 
wrapper tube materials under Irradiation 1s being investigated especially with 
regard to swelling and creep. At present, the PFR-M2, PFR-Exchange and PFR- 
TRÁNSIENT series of experiments are under way.

Evaluation of the three Mol-18 operating transient experiments conducted in 
the Belgian BR2 reactor will be completed in 1988. The Mol-18 loop can be



varied in many ways and has proved to work most satisfactorily. In the Petten 
HFR, 17 experiments (9 DUELL startup ramp tests, 4 KAKADU, and 4 POTOM ex
periments) were completed by late 1987. The operating transient experiments 
were designed to show fuel rod loads and stresses and the failure thresholds 
for the spectrum of operating transients in the range of power cycling opera
tion up to reactor accident levels (such as inadvertent control rod with
drawal) and to help verify computer programs describing fuel rod behavior.

In the VOLGA program run in the Siloe reactor jointly with CEA for some years 
already, single-rod experiments were performed on fresh and pre-irradiated 
fuel rods, which produced findings on fuel entrainment from failed fuel rods, 
on contamination and plate-out of fission products in the cooling system, on 
the reaction kinetics of failure propagation, and on continued operation with 
failed fuel rods. As a new activity, studies must be conducted of the behavior 
of spent fuel elements suspected of having failed and stored inside the 
reactor vessel.

Future activities will be focused on developing and testing fuel elements 
allowing to achieve long in-pile times and very high burnups (> 150,000 MW/te). 
The necessary irradiation tests supporting the concept can be run only in 
cooperation with the European partners (joint experiments in Phénix and PFR) 
and in reload cores of the SNR-300.

1.2 Neutron Physics and Nuclear Core Design

Design basis and sensitivity calculations were carried out for a core assembly 
to verify control rod interaction in the large CONRAD critical assembly, which 
is to be run as a joint European experiment in the critical zero power assemb
ly, MASURCA, in Cadarache. The major objectives of CONRAD are these:
- Studies of axially heterogeneous cores (advantages of heterogeneous cores, 

such as higher internal breeding ratio and lower sodium void coefficient, 
but no thermal striping).

- Surveillance of local power distribution in a large, loosely coupled 
reactor core by in-core instrumentation and by detectors arranged more on 
the outside.

- Determining the interaction of control rods in large reactor cores, among 
other cases, also in a stuck-rod situation.

- Clarification of remaining discrepancies in the evaluation of control rod 
experiments 1n the critical experiments of the SNEAK 9, 10, 12, BIZET, 
RACINE series.

- Qualification and development of methods of subcriticality monitoring 
during handling jobs on the reactor core.

Evaluation of the experiments run 1n the SNEAK 12, BIZET, and RACINE criticáis 
has advanced far. It will be completed 1n 1988 with the exceptlo of some 
residual work (control rod experiments).

The generation of new data for the joint European nuclear data library, JEF 2, 
has been continued. Evaluations for U-238, Pu-241, and the iron isotopes are 
under way. The FITACS program (improved level statistics) 1s being used; this 
also applies to the THEMIS and NJOY processing code systems.

The development of a harmonized European program for computing nuclear core 
designs is being advanced. After workshops were held on the four program 
systems used in Europe for core designs of fast reactors and for studies of

the effects of critical experiments, the Steering Committee approved the 
proposal by AGT 3, and supported by industry, to introduce a standard system 
for reasons of cost and performance. A project proposal was drafted by Inter
atom to define the further development of this work and also the type of the 
interim results to be generated jointly with CEA and UKAEA.

Recalculation of nuclear commissioning of the SPX—1 furnished important 
information about the accuracy in the prediction of core parameters of the 
SNR-2, as the SNR-2 and SPX-1 plants are very similar in design, size, and 
materials composition. Successful efforts were made to reduce the statistical 
error 1n calculating absorber effectiveness in the SPX-1.

1.3 Safety Studies. Sodium Technology, and Components

The Mol 7C/5 coolant blockage experiment conducted in the Belgian BR2 reactor 
has largely been evaluated. It had been run with preirradiated rods of 17.5 
MWd/kg burnup. The Mol 7C/6 experiment is being prepared with rods of a peak 
burnup of 94.2 MWd/kg in KNK II. The Mol 7C/7 experiment, however, is to be 
performed with fresh KNK 11/2 fuel rods. This will be a closely packed test 
bundle with 19 fuel rods and one edge blockage.

Evaluation of the CABRI-1 transient experiments performed so far will take at 
least until 1988. The results obtained in the CABRI program have greatly added 
to our knowledge of the phenomena associated with accidents. They have fur
nished extensive measured data on the advancement and verification of models 
applied in the safety analysis of fast breeder reactors.

Since July 1986, CEA, KfK, UKAEA, and the Japanese PNC have defined a test 
matrix for a CABRI follow-on program (CABRI-2). The associated industrial 
group participated 1n the discussion process and support the matrix. The major 
parameters compared to CABRI-1 are higher burnup, a cladding tube material 
typical of the SNR, various forms of fuel pellets, slower power excursions, 
and different types and phases of accidents.

Together with CEA, KfK is performing experiments in the C0RECT II facility in 
Grenoble on the interaction between a steel and ceramic melt, respectively, 
and sodium.

In planning future breeder projects, the steel originally envisaged for use in 
the SNR-2, namely X6 CrNiMo 17 13 = 1.4919, had been replaced as a structural 
material by the Superphénix steel, X2 CrNiMo 17 12 = 1.4909 = 316 L some years 
ago. For this reason, materials studies of 1.4919 have largely been terminated 
and work has been started on 1.4909, including 1n-p i le investigations, to 
bridge some gaps in our knowledge. The manufacturer of the steel, the Creùsot 
company, in the meantime has commissioned the Baden Technical Inspectorate 
(TUV Baden) to conduct the licensing procedure in Germany for 1.4909 steel. 
The TUV Baden so far has drafted the test program for evaluating the steel and 
harmonized it with the TUVs of North Rhine-Westphal1a and Rhineland.

A series of tests performed on the Alloy 800 steam generator material of the 
Superphénix have been completed. For this purpose, CEN Saclay had made avail
able to Interatom a sample of a Creusot-Loire batch, from which Na-Z specimens 
had been prepared for creep-rupture tests 1n sodium. A series of six specimens 
were subjected to long-time tests at KfK in the CREVONA loop. The specimens 
were examined metallographically and analytically.



An international working group has been founded to establish stability rules 
for structural materials. Its members are Ansaldo (I), Interatom (DeBeNe), 
National Nuclear Corporation Ltd. (UK), and Novatome (F). It is to draft rules 
for the next European breeder power plant, which are to be verified as com
prehensively as possible. The work is based on the new French stability rule, 
RCC-MR-Tome 1. The group began its work 1n early 1987 on the "significance of 
creep" and has suggested an appropriate wording of the rule.The working group 
has been asked to apply the consensus principle; where this is not possible 
(e.g., because of different national licensing procedures), national differen
ces must be identified and their reasons given.

The research arid development necessary for this body of rules will be managed, 
as before, by the European R&D group, AGT 9B "Structural Integrity". Because 
some members are active in both working groups, a good flow of information is 
ensured.

2. Cooperation with the USA

The European R&D Steering Committee 1s negotiating with the US Department of 
Energy (DOE) on a renewal of the expired agreements on cooperation.

A number of important technical meeting were organized also in 1987, most of 
them devoted to the American concept of modular breeders with metal fuels and 
integrated fuel cycle:
- at Brasimone on March 23 - 25, 1987 (KfK, Interatom, CEA, UKAEA, ENEA),
- in Karlsruhe on July 22 - 27, 1987 (DOE, GE, Rockwell, ANL, EPRI, BMFT,

KfK, Interatom, RWE, Alkem, TUI, CEA, Novatome, EdF, UKAEA, CEGB, NNC, 
ENEA, SCK/CEN, BN, and ECN).

The factual background to the discussion with the USA about their new concept 
can be sketched as follows:

While the metal fuel (U, Pu) used in the early period of breeder development
did not permit high burnups to be reached, because fission product gases
caused too much swelling, the ternary fuel, U-Pu-10% Zr, recently favored in 
the USA allows fission product gases to escape early Into the fission gas 
plenum below the fuel rod because of its low smear density (approx. 75 %). 
Consequently, this fuel does not have the drawback with respect to burnup 
which the older metal fuel had while featuring the advantages of considerably 
higher thermal conductivity compared to mixed oxide.

The Americans claim additional advantages of the new metal: As a consequence 
of a reprocessing method developed at ANL, and a simpler technique of refabri
cation, they expect fuel cycle costs to drop drastically and envisage a 
possibility to integrate these steps of the fuel cycle into the power plants.

On the European side, these arguments are countered by the statement that 
mixed oxide fuel appears to be able to attain burnups of a least 15 %, and 
that extensive experience is available 1n Irradiation and reprocessing. 
Plutonium bearing metal fuel, however, has been tested up to some 10 % burnup. 
Its pyrometallurgical processing so far has been studied only on a laboratory 
scale. Consequently, one would have to wait for the results of a long-term R&D 
program on metal fuel.

Also with respect to safety, the fuel variants have their pros and cons which 
are very difficult to compare at the present stage of development. They are 
associated, among other points, with different thermal conductivities and 
resultant sodium temperatures 1n accidents, with problems of eutectic for
mation between the metal fuel and the cladding tubes, and with inherent 
stability properties as a result of the nuclear Doppler effect and axial 
thermal fuel expansion.

A meeting in Dounreay on August 25 - 27, 1987 dealt with problems of oxide 
fuel and materials, especially in high-burnup fuel elements. The meeting was 
attended by representatives of DOE, UKAEA, NNC, KfK, BN, CEA, and ENEA.

In the American contributions, particular emphasis was put on the success of 
the trial irradiation in the FFTF of a mixed oxide fuel element to a burnup of
125 MWd/kg. The fuel rods, which were equipped with HT-9 cladding material, 
showed practically no deformation in PIE. Continued irradiation of some of the 
rods 1n a new bundle 1s planned, while another part of the rods will be tested 
1n the TREAT reactor.

Also 1n Europe, considerable cost advantages are expected to arise from 
high-burnup cores. In accordance with a contribution by UKAEA made at the 
meeting, it is expected that an increase by 10 % to 20 % 1n burnup would 
reduce fuel cycle costs by more than 35 % and lower the specific electricity 
generating costs by 5 to 9 %.

The meeting was also devoted to exchanges of experience 1n failed fuel rods, 
advanced materials for cladding sand fuel element wrapper tuebes, and metal 
fuels, carbides and nitrides. The exchange of experience 1s to be continued
under the agreement at present negotiated between the USA and the group of
European partners.

All topics mentioned above also occupied much space at the international fast 
breeder conference, "Fast Breeder Systems - Experience Gained and Path to
Economical Power Generation," held in Richland-Pasco, USA, on September 13 - 
17, 1987. In connection with that conference, European representatives visited 
the research laboratories and test rigs of ANL, GE, and Rockwell.

The evaluation of specific projects based on cooperation with the USA was
continued:
- Experiments in the Annular Core Research Reactor (ACRR) in Albuquerque, New 

Mexico, demonstrated fuel dispersion In an ULOF (Unprotected Loss of Flow) 
accident. In this case, failure of all coolant pumps accompanied by simul
taneous failure of all shutdown systems was simulated. In 1983 - 1986, the 
STAR (Sandia Transient Axial Relocation) tests had been conducted 1n the 
ACRR with the participation of KfK; their evaluation 1s now available. 
Until 1982, they had been preceded by the so-called "Fuel Disruption 
Experiments" in the ACRR.

- Already since 1977, equations of state for U0? and fresh mixed oxide fuel 
had been obtained 1n the Effective Equation of State (EEOS) experiments 
with the participation of KfK. The fuel had been heated volumetrically by 
the fission of uran1um-235 or pluton1um-239 1n the ACRR, as would have been 
the case in hypothetical supercritical power excursions. The second EEOS 
test series furnished the first pressure measurements conducted on irradi
ated reactor fuel.



- The SIMMER accident computer program taken over from LANL is being experi
mentally verified and developed further at KfK, as is the CONTAIN code. 
Verification of the CONTAIN program, which was taken over from US-NRC, 
comprises aerosol models, sodium pool fires, heat transport in structures, 
and materials transport between cells. The theory of the PARDISEKO code 
developed at KfK is to be integrated into the aerosol subroutine of CON
TAIN. FAUNA pool fire tests, two ESMERALDA tests, and one test from Hanford 
were analyzed with respect to CONTAIN. Accordingly, CONTAIN seems to be 
able to predict the consequences of sodium fires.

- The American COMMIX thermohydraul1c code of ANL is being further developed- 
at KfK within the framework of decay heat removal tests.

3. Cooperation with Japan

The European Steering Committee negotiates about an extension of cooperation 
1n the field of breeder R&D also with Japan. In addition, the Japanese have 
contractually agreed with Interatom their sharing in the experience accumula
ted in commissioning the SNR-300. While already the non-nuclear commissioning 
activities were closely observed by Japanese engineers and technicians, the 
Japanese team are now waiting for the continuation of work in Kalkar.

The 5th Annual Meeting within the framework of breeder cooperation among 
DeBeNe/CEA-ENEA-Japan was held at PNC on January 20 - 23, 1987. The discus
sions concentrated on matters of safety, especially
- the joint development of the advanced fluid dynamics program, AFDM,
- a specialists' meeting on Bethe-Tait accidents,
- the joint development of the CONTAIN program, perhaps coupled with a 

specialists' meeting,
- natural convection tests,
- Na/HgO interaction; exchange of test results.

Other topics of discussion were exchanges of operating experience, components, 
structural materials, and experts' meetings in these fields.

As reported above, the Japanese PNC expressed its willingness to participate 
1n a continuation of the CABRI transient tests. The contractual agreements 
covering this participation were prepared in 1987.

A specialists' meeting on fuels and materials was held in O-arai on May 19 - 
22, 1987. It was attended by representatives of DeBeNe; CEA, France; ENEA, 
Italy; and PNC, Japan. Methods and developments of PIE were the subjects 
discussed at that meeting organized by AGT-1. The Japanese side were interes
ted, among other things, 1n the experience accumulated with molten fuel. The 
results of the DeBeNe experiments in the POTOM series and the CEA experiments, 
FONDUE and DISCO, were devoted special attention. In the course of the 
meeting, at which more than twenty papers were presented, 1t became evident 
that Japan attaches great Importance to the PIE of whole fuel rod bundles. A 
gamma tomography method is being developed for this pupose.

4. Cooperation with other Countires

An agreement about German-Soviet cooperation 1n the peaceful uses of nuclear 
energy was signed in Moscow on April 22, 1987. The nuclear agreement constitu
tes a first major part of the government agreement signed in Moscow on

July 22, 1986 about scientific technical cooperation. The nuclear agreement 
covers the entire range, from basic nuclear research up to potential industri
al utilization of know-how elaborated jointly. Initially, this cooperation 
will probably focus on the field of reactor safety and HTR development. Other 
main items are LWR and breeder reactor concepts, fusion and plasma physics, 
and high-energy particle physics.


