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Abstract

The KNK, the sodium cooled compact reactor is an experimental nuclear
power plant of 20 MW electric power. Since 1977, it has been operated with
fast reactor cores as KHK II. The KHK II/3 core was designed. The core
fabrication has been largely completed. In 1990, the KHK II plant achieved
a time availability of 56X. On January 8, 1991 KNK II was shut down for
inspection. Since pre-nuclear commissioning was completed the Kalkar
Nuclear Power Station SNE 300 has been operated in a mode similar to that
of a power station. In March 1991 the financing partners decided not to
prolong the standby phase because they do not think that the last
construction permit and the operation permit will be issued within a
definite period of time. The partners were convinced that the lack of
progress in the licensing procedure wa3 not caused by basic safety
deficiencies of the project but by the way the licensing procedure was
executed. The German fast breeder programme is now concentrated on
contributions to the European Fast Reactor.
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1. KHK I I

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

1.1 Reactor Cores

The fuel elements of the first core, KNK 11/1, agreed in most parameters with tho-
se of the Mk.la type first core of the SNR 300 . The fuel elements of the following
core loadings, KNK 1I/2 and 13, are characterized by a high fuel density, 7.6 mm

fuel rod diameter, and spark eroded grid type spacers. The first fast core had be-
en unloaded in 1982, after having demonstrated good operating characteristic;,
at a peak burnup of 100,000 MWd/te. Post-irradiation examinations with an X-ray
microprobe are completed. Several of the fuel rods have been used in the Mol 7C
coolant blockage experiments.

The KNK 11/2 core had reached its licensed in-pile time of 455 equivalent full-load
days in 1987. For this second fast neutron core, the Baden-Württemberg State Go-
vernment had issued the permit, in December 1988, to continue KNK II operation
from 455 up to 720 full-load days. After removal of sodium aerosol depositions
from the absorber rod linkages, use of the existing permit could be made begin-
ning in January 1990.

The KNK !l/3 core initially was designed largely analogous to the KNK 11/2 version.
However, more recent experience has made it necessary to introduce additional
measures in order to prevent fuel rod oscillations. For the KNK 11/3 core the licen-
sing progress was continued. The core fabrication has been largely completed. An
official decision on the installation of this third fast neutron core in KNK II has not
yet been taken.

KfK and the French CEA have signed a contract in May 1990 providing for dis-
mantling of spent KNK II fuel assemblies, which will be disassembled and condi-
tioned in a special laboratory at CEA's Cadarache research center. The campaign
is scheduled to last three years. Once treated, the assemblies can be reprocessed
at the APM fuel reprocessing pilot plant at Marcoule in accordance with an agree-
ment signed in 1980.

1 .2 Plant Operating Experience

In 1990, the KNK II plant achieved a time availability of 56 %. In this period, some
problems had to be coped with due to two fuel rod failures and to additional ae-
rosol depositions hampering the shutdown systems.

The failed fuel rods could be identified quickly and were replaced. Their failures
have to be attributed to thermally induced oscillations of the rods. In the meanti-
me, oscillations of this type have been analyzed thoroughly in simulation experi-
ments out-of-pile. The oscillations turned out to be particularly strong in the KNK
11/2 core, because a very small p/d ratio of 1.16 had been chosen in the design of
the respective subassemblies. These disturbances can be prevented either by in-
creasing the number of spacers or by bracing the rods in the spacers.



The deposition of sodium or sodium compounds on the linkages of some of the
shutdown systems tends to hamper the mobility of such systems. Up till now, the
cause of this deposition has not yet been elucidated. However, procedures have
been developed for timely detection of beginning disturbances. The depositions
can be removed by rinsing the linkages with primary sodium. The linkages have
undergone post-irradiation examinations in the Hot Cells at KfK.
It should be mentioned that a leakage occwred in a monitoring duct in the steam
generator cell.

On January 8.1991. KNK II was shut down for inspection.

1.3 KNK Operational Data

Up till now. the service time of the KNK 11/2 core amounts to 574 equivalent full-
load days. The mean burnup attained by a test fuel element of this second core is
62.5 MWd/kg. The performance of the sodium components during the total ope-
rating time, beginning with the service of the (thermal) KNK I in 1971, has been
good: only one of the four (two primary and two secondary) sodium pumps had
to be replaced, because of shaft failures.

Ever since the start-up of the first fast neutron core of KNK in 1977, a net total of
332 GWh of electrical energy has been generated, including 34 GWh in 1990.

1.4 Recent R&D Work at KNK II

The main purpose of the KNK II in 1990 was a demonstration of undisturbed ope-
ration. For this reason, the continuation of the experimental program was post-
poned as far as it interfered with the operation as a power station. However, so-
me R&D work on the plant has been going on, such as:

- A diagnosing system for monitoring the steady-state operation of a large
breeder reactor has been designed. Within the framework of scram analysis in
KNK II, a prototype expert system is being tested under typical knowledge re-
presentation mechanism, which is to support the operator in diagnosing
defects. The expert system is installed in the experimental division of the KNK
plant and linked to the KfK in-house LAN.

- The Consulting Core Surveillance System, COCOSS, has been expanded. The
computer formerly used in this application did not have enough storage ca-
pacity; consequently, transfer to a larger computer became necessary. A major

program expansion introduced was the calculation of the open fuel surface
area in cm2 recoil, from which a classification was derived for the existence of
a DN failure. This classification, the calculated DN net signals and the results of
cover gas measurements are transferred via the LAN to the diagnosing system.
The new COCOSS is working troublefree.

- The frequency spectra of the reactivity and of the fuel element outlet tem-
peratures were analyzed repeatedly. The reactivity spectrum shows the usual
structure, which is a multitude of resonances in the frequency range above ap-
prox 1/2 Hz. As before, all resonances can be attributed unequivocally to speci-
fic fuel elements by measurements of the coherence functions between the re-
activity signal and all fuel element outlet temperatures.

- Materials irradiation tests have been continued in special KNK II test subassem-
blies, including also actinide specimens and component materials for an inhe-
rently safe shutdown system (based on temperature effects on the Curie
point).

- Bending tests were carried out to investigate the embrittlement of claddings
made of 1.4981 type steel in the NY 205 IA fuel element in the KNK 11/1 core.
According to preliminary measured results, 1.4981 typo steel was not em-
brittled more strongly than 1.4970 type steel.

2. Kalkar Nuclear Power Station ISNR 300)

2.1 Assembly Work and Pre-nuclear Commissioning

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

Activities at the Kalkar Nuclear Power Station are limited to these items:

- Plant operation at 220 °C sodium temperature of the primary/secondary sy-
stems and the peripheral systems required for this purpose.

- Maintenance work, excluding systematic preventive maintenance.
- Tests of operationality under various operating constellations.
- Working on items not yet completed.
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In addition to these operating activities, the following special events were
handled in 1990:

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

- In-service inspections of pressure vessels were finished in 1990. The pressure
vessel tests have not resulted in any negative findings requiring repair work
to be done.

- Commissioning and testing the modified visco seal in a primary pump.

2.2 Licensing Procedure under the Atomic Energy Act

Also in 1990 no tangible progress towards the granting of the last partial con-
struction permit 7/6 could be generated. That licensing step covers modificati-
ons to the ventilation system of parts of the reactor building, plant security
measures, and other minor changes of various systems applied for in the light of
findings made in the pre-nuclear commissioning phase. The application filed for
fuel element delivery was shelved temporarily in 1987.

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

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

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

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

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

Action brought by the State of North Rhine-Westphalia with the Federal Con-
stitutional Court. In the action brought by the North Rhine-Westphalian State
against the Federal Republic of Germany with the Federal Constitutional Court
because of an instruction by the Federal Ministry for the Environment an Re-
actor Safety to continue the licensing procedure (treatment of the Chernobyl
accident). In May 1990 the Court ruled against the State of North Rhine-
Westphalia in all subjects of the case.

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

PFR steam generator failure. On the basis of AEA findings it had to be shown,
that the steam generators in the SNR 300 cannot suffer the same failure.

Phönix: Several scrams of the Phönix reactor, which are not yet cleared up in
all details caused questions related to the SNR 300 behaviour during nuclear
operation.

Bethe Tait. The hypothetical Bethe Tait accident is in fact treated as a basic
design accident. Though all relevant primary components have been licensed
already with the partial construction permit 7/5, the North Rhine-Westphalian
licensing authority has ordered new calculations to be done by experts not
yet involved in the procedure. Up to now those new experts were not able to
identify any basic safety dificiencies.



|g A summary evaluation of the state of the ticensing procedure does not permit a date
to be forecast reliably on which permit 7/6 might be issued.

2.3 Overall Project Situation

Also in 1990, the Kalkar Nuclear Power Station Project was managed in accor-
dance with the project goals of the standby phase. These are mainly
- the maintenance of tl.e plant ready for loading and operation,
- the execution of the licensing procedure.

Financing the project costs of DM 105 million/a within the framework of the mi-
nimal project activities in the standby phase has been agreed upon contractually
for the period 1989 - 1991.

In the contract for the financing of the standby phase the partners have fore-
seen to analyse the project situation in 1991. Accordingly the Federal Minister
for Science and Technology invited the partners in January.
A working group was installed, which made a detailed analysis. On March 20"1

the financing partners met again and decided not to prolong the standby phase,
because they do not think that the last construction permit and the operation
permit will be issued within a definit period of time. The partners were convin-
ced that the lack of progress in the licensing procedure was not caused by
basic safety deficiencies of the project but by the way the licensing procedure
was executed by the Government of North Rhine-Westphalia.The partners had
come to the result that the antinuclear policy of the Social Democratic Party,
which has the majority in North Rhine-Westphalia, has influenced the licensing
procedure to a large extend especially since the Chernobyl accident in 1986.
As a consequence of the decision of the financers SBK is cancelling all
contracts, stopping the licensing procedure and evaluating possibilities for ma-
king best use of the plant.

The German fast breeder programme is now concentrated on contributions to
the European Fast Reactor.
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Abstract

Production of electricity during the year April 90 - March 91 was 200
TWH with an increase of 7X over last year. Contribution from coal based
thermal is 70S, nuclear 2.5X and 27.5 from bydro. Electricity demand is
increasing more than the production growth rate. Programme of installation
of 10000 MWE nuclear capacity in PHWEs by the year 2000 is in progress. 8
X 235 MWE PHWEs are under commissioning and construction. Government has
sanctioned construction of first 2 X 500 MWE PHWEs. Progress in the
construction of HPPs is somewhat slow due to industrial infrastructure and
financial constraints. There ia no public opposition to the nuclear
power. Intergovernment agreement ha3 been signed between India and USSR
for construction of 2 X 1000 HWE PWRs. FBTR is being oprated
intermittently upto power level of 1 HWT without steam generators. Power
operation delayed due to commissioning of hydrogen leak detection system
for the steam generators.

General :

Energy requirements in general and demand for electrical energy

in particular has continued to grow. Indeed due to Kuwait crisis,

restrictions have been placed on the supply of petroleun products as

India is not self-sufficient in oil. Only about S3?» of needs of

oil and oil products are supported by indigenous production whi I e the

balance has to be imported. Kuwait crisis has affected Indian economy

in more than one way. Foreign Exchange earned by Indian Labour Force

working in the Middle East went down by some two or three billion

dollars, the increase in the price of oil and oil products increased

the irrport bill by few billion dollars, large expenditure had to be

incurred in evacuating over 125,000 persons from Irag and Kuwait, and


