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Preface

In 1967 and 1968 the Federal Republic of Germany., the Kingdom of Belgium 

and the Kingdom of the Netherlands ("DeBeNe") agreed to develop, in a 

joint program, breeder reactors to the point of commercial maturity. The 

following research organizations take part in this effort:

- Kernforschungszentrum Karlsruhe (KfK)

- INTERATOM, Bergisch Gladbach

- ALKEM, Wolfgang near Hanau

- SCK/CEN, Mol

- Belgonuclêaire, Brussels

- ECN, Petten

- TNO, Apeldoorn

- NERATOOM, The Hague.

The three German institutions mentioned above have been interrelated since 

1977 by the Entwicklungsgemeinschaft (EG) Schneller Briiter. Between KfK, 

INTERATOM, and the French Commissariat à l'Energie Atomique contracts were 

concluded in 1977 about close cooperation in the Fast Breeder field, with 

association of the Belgian and Dutch partners.

The results of research and development activities carried out by the 

DeBeNe partners in 1979 have been compiled in this report. The report be

gins with an annual review. The bulk of the report following next is or

ganized by the Working Groups of the R&D Program Working Committee of the 

Fast Breeder Project; the annexes provide information about the commission

ing status of KNK II and the construction of SNR 300.

1. INTRODUCTION

1.1 The Fast Breeder Situation in the Federal Republic of Germany

In 1979 some progress was made on the Kalkar site of the SNR 300 as a 

consequence of the partial construction license issued on December 20,

1978. This license covers part of the assembly work related to mechani

cal and electrical engineering. The civil engineering work has nearly 

been completed except for the cooling tower. Further progress on site 

will depend on the additional construction licenses being issued, es

pecially those concerning decay heat removal and emergency core cooling 

systems, the reactor proper, and the regular heat transfer systems. 

Fabrication and testing of the components is proceeding satisfactorily.

At the Karlsruhe Nuclear Research Center, the 20 MWe KNK II plant with 

sodium coolipg and a fast neutron core has gone into operation. Valuable 

experience has been accumulated, e.g., from measurements of the e n t r a p 

ment of cover gas in the sodium. This entrainment has been reduced con

siderably by the installation of valves in a ventilation pipe. A failed 

fuel element was identified and exchanged. The experimental program has 

begun.

A significant factor in the breeder sector influencing parliamentary dis

cussions on nuclear energy within the Federal Republic of Germany has been 

the establishment of a fact finding committee of the German Bundestag.

This body, which was established in the spring of 1979 to work out recom

mendations on nuclear matters, presented its program of activities in early 

July and held its first working session in September. The Committee has 

organized its activities in seven complexes for which non-parliamentary 

rapporteurs have been appointed. The fourth complex of questions to be 

dealt with is: "What decisions on breeder technology, especially on the 

possible commissioning of the SNR 300, are to be taken by the Federal



Parliament?" Work on these problems was taken up in November 1979. The 

fact finding committee is also going to take into account the results of 

INFCE and is keeping itself informed on the development abroad. The com

mittee will present an intermediate report to the Bundestag in May 1980.

International Cooperation

- INFCE:

The DeBeNe partners (Germany, Belgium and the Netherlands) have been ac

tively engaged in the International Nuclear Fuel Cycle Evaluation (INFCE) 

exercise since 1977, especially in Working Group 5 of that effort (Fast 

Breeder Reactors). That working group examines the significance of bree

der reactors for the future energy supply of the world, conceivable bree

der fuel cycles etc. under the aspects of proliferation resistance, and 

the environmental impacts of a breeder economy. Drafts were completed by 

the working groups in 1979 for the more detailed final version of the INFCE 

report. The INFCE report is to be published in the spring of 1980.

- DeBeNe-CEA Agreements:
«

Since the entering into force in 1977 of the German-French breeder agree

ments there have been almost 200 joint technical discussions and exchanges 

of more than 1000 reports. Some important subprojects have been declared 

joint programs by the German-French Steering Committee:

Mark II in-pile experiments for the SNR 300, the VOLGA defective rod ex

periments, the development of a program for computing the thermohydraulics 

of helical wire spacers, the measurement of nuclear parameters of breeder 

cores under accident conditions (core compaction etc.), coolant blockage 

experiments in the Belgian BR 2 reactor and in the French Scarabee facility, 

tests on acoustic boiling detection in sodium cooled breeders and on fault 

detection by temperature fluctuation measurements, measurements of the 

acoustic background in the NIRA steam generator in the EdF test bed of Les 

Renardières, tests on precursors of the secondary SNR shutdown system and 

studies of thermal striping and the resultant cyclic material loads.

The Steering Committee also agreed to CEA participating in the PFR-M2 ma

terials in-pile experiments (pressure tube tests to be conducted in the 

United Kingdom).

Computer programs are to be exchanged with France under the R&D agreement.

A program on cooperation in the field of aerosol research and sodium fires 

has been agreed upon with France. SNEAK fuel was shipped from the ZEBRA 

Zero Power Facility at Winfrith, England, to MASURCA at Cadarache to con

tinue measurements of nuclear parameters of heterogeneous breeder reactor 

cores with the participation of DeBeNe partners.

Agreements with the USA

Agreements concluded between the Federal Republic of Germany and the US-NRC 

and the US-D0E have been expanded to a trilateral basis (including France) 

since 1978 and refer to exchanges of reports and to cooperation in the sub- 

areas of fuels and materials, reactor core, safety and components. In Decem

ber 1979 a DeBeNe/CEA/DOE seminar on oxide fuel was organized at Richland, 

Washington. The meeting of the trilateral Core Working Group was organized 

at Aix-en-Provence in September 1979. Shielding and neutronics computer pro

grams were the subjects of specialists meetings held at Knoxville, Tenn. in 

October and at KfK in November 1979, respectively. Cooperation with the USA 

in the safety sector involves the NRC, especially with regard to CABRI and 

ACRR experiments. Negotiations with DOE about extensions of the information 

exchange in the subareas of breeder development mentioned above have been 

carried on in March 1980.

Agreement with PNC, Japan:

Under the trilateral agreement in force among KfK, CEA and PNC since 1978 

an annual meeting in June 1979 led to the identification of other areas for 

cooperation, especially with regard to the safety of fast reactors. This 

event had been preceded, inter alia, by an exchange of knowledge about the 

Joyo and KNK II reactors and a trilateral meeting of experts on structural 

materials at Karlsruhe. Measurements conducted by the Toshiba company to

gether with KfK on the transport of fission products in the cooling system 

were successful.

Agreement with the United Kingdom:

On February 12, 1980 KfK and CEA signed a contract with the British UKAEA 

as a result of which KfK and CEA are given access to information about failed 

fuel rod tests in the PFR and TREAT reactors. By way of exchange, UKAEA is

being supplied the results of the CABRI safety experiments.
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1.3 Review of Major R&D Results

Major progress has been achieved in the DeBeNe region (Germany, Belgium, Nether 

lands) in research and development work on sodium cooled fast breeder reactors. 

Some of it relates to the prototype breeder power plant at Kalkar (SNR 300), 

which has been under construction since 1973. Some of it was devoted to further 

development beyond SNR 300. Most of the activities were concentrated on fuel 

element and materials development, safety, and sodium component development.

The status of activities attained can be summarized as follows:

The development work on fuel fabrication techniques aimed, inter alia, at 

achieving improved solubility in' reprocessing, has led to satisfactory so

lubilities in nitric acid.- Because of the great variety of techniques of 

fabricating fuel with increased density now being tested, more studies are 

needed for a method to be adopted for the follow-on cores of the SNR 300.

More interim results have also become available on the behavior of fuel rod 

cladding tubes under in-pile conditions. Interim measurement in a materials 

irradiation test ( fluency so far 0.4 x 10^3 n/cm^) revealed no swelling and 

only minor creep in the temperature range 400-500°C. In-pile experiments of 

materials and fuel rod subassemblies will be continued, and new ones will be 

prepared. Post-irradiation examination of irradiated specimens furnished 

valuable data about the causes of rod failures observed.

Studies of the behavior of failed fuel elements in the reactor are becoming 

more and more important. According to the experiments conducted so far, the 

amount of fuel escaping from large artificial rod defects at the hot spot of 

the cladding is small, even after power cycling operation over many weeks.

The finding is that scrams are not compulsory as a result of certain fuel 

element defects.

Thermohydraulic out-of-pile fuel element studies have supplied important 

data for the optimization of the flow throttles for the first core of the 

SNR 300 and on the influence of spacers upon the sodium flow and the heat 

transfer. For the second SNR core, out-of-pile experiments indicated that 

there will be no deformations and vibrations in the test elements. Especial

ly non-nominal and eccentric rod arrangements are now being studied theo

retically and experimentally, with the objective to calculate the influence 

of flow and heat transport on the temperature distribution in a satisfactory 

manner, e.g., also in the corner zones.

Extended experimental programs on SNR structural materials (mainly reactor 

vessel material) have also produced some interim results on the stress-rup- 

ture strength of the base material and the welds. The radiation induced 

reduction in stress-rupture strength diminished with decreasing stress; 

in welds this reduction was much smaller than in the base material. Fatigue 

tests at low strain rates resulted in a significant radiation induced re

duction of the number of load cycles up to the point of rupture.

Most of the physics work was concerned with reactor cores of breeders in the

1300 MWe category. Detailed tests were conducted to demonstrate the useful

ness of the KASY neutron flux synthesis program in calculating sodium void 

effects in large reactor cores. Such nuclear parameters as the sodium void 

values of various zones, control rod effectiveness and power distribution were 

measured and, in part, evaluated. This program, which was carried out 

with the participation of DeBeNe in the ZEBRA zero power facility 

in Britain, is now being continued in France. To improve the nuclear data base, 

neutron cross sections of such actinide elements as americium were measured 

in an accelerator or reevaluated.

The demonstration to be provided in the on-going licensing procedure

is of major importance for the SNR 300. Theoretical safety analyses

of major hypothetical accidents led to important findings. Thus, significant 

releases of mechanical energy will occur only if several pessimistic assumptions 

are made simultaneously; they will then be in the range of 100 MJ instead of the 

SNR design base value of 370 MJ. In a similar way this applies also to secondary 

excursions. The materials distribution in the reactor vessel seems 

to indicate long term cooling capability even after a major accident.

The movement of materials in a major accident was simulated also 

in iron-thermit experiments. In these experiments, some peak pressures up 

to 100 bar were observed, but no pressure buildup continued over 

prolonged periods of time. The efficiency of conversion of thermal 

energy into mechanical energy was only approx. 0.1%. Uranium-thermit 

experiments and the experimental programs started in the CABRI, Cadarache,and 

HFR, Petten, reactors are to back up these theoretical studies.



Six out of the eleven variants of material considered for a 

protective layer in the catching pan for fissile materials of the 

core catcher turned out to be feasible in the light of materials tests.

The decision was taken in favor of UOg.

Evaluation of the two coolant blockage experiments so far performed in 

the Mol 7C series in the BR 2 reactor indicated that local boiling occurred 

only as a result of a very significant reduction of the integral sodium flow 

in the rod subassembly. Cooling of a severely damaged fuel element can be ensured 

over a long period of time at full power.

Various techniques have proved to work satisfactorily with respect

to monitoring of the reactor core. For instance, in KNK II, a failed fuel

element was detected from delayed neutron signals in sodium. At the

same time, typical fission product noble gases could be detected in

the cover gas by an automatic gamma scanning station. Cross correlation

measurements of neutron flux, sodium flow, temperature and pressure at various

core positions turned out to be useful in the localization of gas voids in KNK II.

Out-of-pile boiling experiments proved that sodium boiling can be

detected reliably by acoustic means. In monitoring for cladding failures a

KfK fission product precipitator has been found to work reliably in

out-of-pile tests conducted in Japan.

For safe shutdown of the SNR 300 two independent systems will

be used. The functional test and life test of a prototype of the first

shutdown system under conditions close to those existing in a reactor was

completed successfully. The modified prototype of the second shutdown

system was subjected to extreme loads in an excessive test in which the specified

shutdown times were achieved at all times. The limit of capacity

was reached only as a result of sodium flooding to 1.4 m at handling temperature.

In the first experiments conducted with sodium fire aerosols at the 

Karlsruhe FAUNA facility satisfactory agreement with theoretical calculations 

was found. There are still some uncertainties, e. g., in determining the 

source term, the initial particle size and the chemical behaviour of 

the sodium fire aerosols.

The leakage of accident aerosols through cracks in concrete and model 

openings was studied at ECN Petten. Cracks in the concrete of the 

containment, according to these tests, have a relatively high penetration rate 

for aerosols, whereas the penetrations of steel tubes through concrete walls 

exhibit only minor aerosol leakages.

The development of large scale components for heat transfer in

part exceeded the requirements imposed by the SNR 300, especially in

the sodium pump in the greatly expanded pump test rig and in the big 

isolation valves. In the steam generator test rig the intermediate heat

exchanger for the SNR 300, which had been modified in the light of earlier

tests, was tested satisfactorily. An active exchange of information has been 

agreed upon with the French CEA about tests, the evaluation of experiments 

and the results of operation of pumps and intermediate heat exchangers.

The development of intermediate heat exchangers and steam generators for 

larger breeder reactors has been continued. The development of a remotely 

operated welding machine was completed in successful tests.

The R&D program on the handling concept has largely been completed.

In-service inspections, especially those relating to internals of 

the vessel and the primary system pipelines, have become one of 

the focal points of R&D activities. Good progress has been achieved 

in instrumentation methods and manipulators. To avoid prolonged downtimes, 

the methods of visual inspection under sodium and remote observation of 

tank internals have been advanced vigorously.

Preliminary studies carried out until now on the pool concept of the 

primary system seem to indicate that this concept might be licensable 

in Germany. The essential problem areas from a safety point of view 

center on the reactor block. The in-service inspections, separate location 

of redundant components in the reactor roof area, and cooling of the roof and 

rotating plugs might require adaptive design with respect to the German 

licensing situation. The Super Phénix technology looks interesting also 

for some plant features of a large breeder with a loop design.
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Important R&D activities must still be conducted on reprocessing breeder fuels. 

Studies of the head end of this process are being conducted in Belgium and 

will be continued on an enlarged scale in the HERMES pilot plant under 

construction there. Laboratory scale experiments on plutonium extraction 

are planned for implementation in the MILLI facility.

2. REPORTS BY THE WORKING GROUPS

2.1 Development of Core Materials and Core Components

For the first(Mark la)reactor core of the SNR 300, fuel rods are planned which 

will have 6 mm diameter, fuel of low density and grid type spacers. The fuel 

elements to be used in the Mark II follow-on core of the SNR 300 will have 

fuel rods 7.6 mm in diameter, fuel of medium density and possibly also grid 

type spacers.

2.1.1 Core Materials

(a) Cladding_Material§_and_Structural„Materials

For the 1.4970 type of fuel rod cladding tube steel the stress-rupture 

conditions following corrosion by U02 and simulated fission products 

were determined in 1979, and so were the influences of axial notches.

Studies of the stress-rupture and creep behaviour of cladding tubes 

under cyclic temperature and internal pressure loads have been taken up.

In this connection a theoretical model has been developed which allows 

advance calculations to be made on the basis of materials data taken 

from experiments conducted under constant load conditions.

Neutron induced structural changes such as swelling, creep and high 

temperature embrittlement, are investigated in in-pile experiments. 

Post-irradiation examinations of specimens from the DFR 397 in-pile 

experiment were completed by determining the influence of microstructural 

changes upon the mechanical properties. Post-irradiation examinations 

of Mol-2 specimens consisting of 1.4970 type cladding tube steel were 

completed by determining the influence of temperature upon the microstructure;

post-irradiation examination of a VEC simulation irradiation test was 

completed by determining the temperature dependence of pore swelling. 

Post-irradiation examinations of the Ripcex-I specimens irradiated in 

RAPS0DIE have so far only covered assays of the length, diameter and 

internal pressure and have proved swelling to be homogeneous and to 

be hardly influenced by the stress applied.

In the Ripcex-II in-pile experiment the first interim assay was conducted
23 2

(the dose attained to date is 0.4 x 10 n/cm ); no swelling was observed

and also in-pile creep was very slight in the temperature range of

400-500 °C. However, the experiments conducted in RAPS0DIE and BR 2 could

not be conducted as planned, because of the non-availability of these reactors.

This also applies to the continuation of in-pile experiments on ferritic material

Ferritic steel is used as a structural core material, e. g., for the 

clamping ring of the SNR 300 and, in addition, is looked upon as an 

alternative material for the fuel element cladding. The post-irradiation 

examination of an in-pile tensile test of No. 1.6770 ferritic material 

has been completed and the stress-rupture conditions have been assayed 

after irradiation.

In addition to ongoing work relating to the in-pile experiments in KNK II, 

another materials test element is being prepared. Newly developed passive 

temperature monitors will be used for temperature measurement in this case. 

Supplementary tribological experiments were conducted on reference materials 

of the SNR 300 reactor, e. g. for subassembly distance pads. Some first

studies of alternative materials containing no cobalt have led to 

encouraging results.

(b) Fu§l_Dev§logment

The design criteria for the chemical interaction between the fuel and the 

cladding were reworked in cooperation with CEA.

(c) Absorber.Materials

The absorber materials data used for design calculations by the DeBeNe side 

were compared with the corresponding CEA data sets. This turned out to result in



good agreement. Some preliminary results of out-of-pile compatibility studies of 

components of a wet vented absorber rod do not seem to indicate any compatibility 

problems in the B^C/Na/steel system under Mark II operating conditions.

With respect to a later demonstration breeder reactor it is presently investigated 

to what extent getter materials may help to reduce corrosive attack inside 

the rod.

The development of EuBg as an alternative absorber material to B^C has been 

continued by the Elektroschmelzwerk Kempten. A joint CEA/DeBeNe experiment 

on a vented absorber rod has been started in the Phénix reactor.

2.1.2 Core Component Development 

(a)

An agreement with UKAEA on irradiation of a Mark la DMSA cluster is about to 

be concluded. Fabrication of the individual components, such as spacers, 

distance pads etc. has been started. The fuel rod specifications have 

been harmonized with the manufactures.

The technical and legal basis of Mark II irradation in Phénix has been 

established and some preliminary studies about adapting the "ark II element 

to Phénix conditions have begun. The spacers for an out-of-pile model have 

been ordered, design of the dummy element has been started.

However, additional work will not be performed before the irradiation agree

ment has been concluded, which has not yet been defined with respect to its 

technical scope, financial expenditure and the mode of participation.

The ongoing monitoring irradiation of three rods for irradiation in Rapsodie II 

was interrupted after having reached 9 at. % burnup; the rods were examined 

by non-destructive tests, and one irradiated rod was replaced by a fresh one.

The results acchieved so far exhibit good in-pile behavior of this type of 

fuel rod. After restarting of the RAPSODIE reactor, irradiation of the monitor 

and of the 19-rod subassembly is going to be continued.

(b) 0ut-of;gil§ Exgeriments_under_Sodium_(AKB_Tests)

The first phase of sodium testing of an assembly of seven fuel elements, which 

will be a long term test over 300 h at 560 °C under nominal flow conditions, 

was completed at the Interatom AKB test facility in October 1979. The array 

consisted of four-fuel-element and two-fuel-element dumiies and a cascade 

diode. Two of the dummy fuel elements were subjected to interim examination. 

Subsequently the whole array will be reassembled and retested under transient 

conditions. One of the dummy fuel elements of the Mark II fuel element type 

had already been tested previously and will reach an aggregate total of approx. 

9000 h of operation under sodium.

(c ) Post-irradiationExaminations

For further elucidation of faults, post-irradiation examinations are being 

carried out at Mol on the Belgian fuel rods from the DFR 455 experiment.

After the faulty fuel element in KNK II had been identified and replaced, 

the element fabricated by BN is ready for post-irradiation examination.

At present all possibilities of disassembly and post-irradiation examination 

at the Hot Cells of Mol and Karlsruhe are being -investigated.

(d) Wgrk_gn_Fuel_E1ement_Disassembly

Since disassembly of the fuel elements and subsequent chopping of the indi

vidual fuel rods is required for reprocessing purposes both for SNR Mark la 

and for Mark II, R&D work was begun in 1978 on the disassembly of fuel ele

ments equipped with grid type spacers. Tests on dummy Mark la and Mark II 

fuel elements, in which rod bowing caused by swelling and in-pile creep 

had been simulated, indicated that the fuel rods could still be pulled out 

of the spacer structure with a tolerable amount of force. Even in the case 

of the Mark II concept it was possible to pull out all fuel rods si

multaneously after having removed the base of the fuel element.
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(e ) QëïÊl2£rç§DÎ_°Î ̂ - Ç 90[?y£Ët_B!;°9!2am_and_Sg§cif iç_In;9ile_Programs

The SWAMB computer program has been developed to describe the mechanical 

behavior of fuel elements equipped with helical wire spacers. CEA and 

DeBeNe jointly verified the range of validity of the model by recalculating 

a RAPSODIE element.

The first test conditions for the FARFADET in-pile program were determined 

to assess fuel behavior at the onset of irradiation; the fuel specifications 

have been completed and discussed with the manufacturer. Some first compo

nents are ready for the in-pile rigs.

2.1.3 Failed Fuel Program

Fuel rod failures cannot be excluded completely. For economic reasons a breeder 

power plant should be able to continue operation with a limited number of de

fective fuel rods. The origins and the effects of such faults are to be clari

fied in a German-French failed fuel program recently started. So far, the re

sults of three experiments are available which were conducted on test fuel rods 

identical except for the burnup and artificially made defective at the hot spot 

of the cladding. They relate to one rod without any burnup and two rods with 

burnups of 90,000 MWd/t in RAPSODIE. The fourth experiment on a rod pre-irra- 

diated to 120,000 MWd/t, with a natural defect at the hot spot due to preli

minary weakening of the cladding and gas pressure, was begun in late 1979.

Despite major artificial rod defects at the hot spots of the claddings the 

amount of fuel escaping even after many weeks of a power cycling operation 

was small. The escape and the migration of fuel and fission products was 

evaluated by means of delayed neutron monitoring, neutron radiographies, on

line gamma telescopy, off-line gamma spectrometry, on-line fission product 

gas monitoring, and the customary destructive post-irradiation examination 

techniques.

2.1.4 Operating Transient Program

This program serves to study possible operating transients (power transients, 

such as "hard" load following operation, load ramps, power peaking and coolant 

transients) and their impact on the behavior of fuel elements. Some first ex

periments have meanwhile been defined or carried out:
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- Five startup ramp type experiments in HFR DUELL capsules (June 1979 - May 1980),

- two operating ramp type experiments in HFR KAKADU capsules (long KNK rods, 

starting March'1980),

-• one combined power ramp/loss-of-coolant test with a KNK rod in the BR-2-VIC 

loop (to' be started in May 1980).

Pre-irradiated test fuel rods will be used later. Besides verifying computer 

programs these experiments are to indicate potential load limits in fuel rods, 

and they are also to clarify whether it would be possible to approach the shut

down limits more than once.

2 .Z Measuring Techniques, Instrumentation, and Sodium Chemistry

2.2.1 In-core Monitoring Instrumentation and Failed Fuel Behavior

For SNR in-core monitoring instrumentation the irradiation of advanced thermo

couple and flowmeter systems in a fast neutron flux in high temperature sodium 

was prepared. One difficulty encountered was the fabrication of irradiation 

specimens, especially when this involved NICR0BRAZ brazing of wire penetrations. 

Brazing experiments were conducted to improve this specific brazing technique.

For analyses of temperature fluctuations as a means of detecting fuel element 

cooling defects, measurements of partly blocked, electrically heated 28- and 

169-rod subassemblies, respectively, were evaluated. The parameter

К = oN/v

furnished direct information about the loss-of-cooling in the fuel element; 

in this formula, a = RMS value of the temperature fluctuation, which is a direct 

function of the loss-of-cooling; N = fuel element power, v = coolant flow velo

city. One condition for the validity of this relation is the proper choice of 

the cutoff frequency of the thermocouples used. The sensors successfully used 

were steel/sodium thermocouples with high cutoff frequencies.

For cladding monitoring, measurements with the KfK precipitator were completed 

in FPL (Fission Product Loop, Toshiba). It was demonstrated in the course of 

these tests that even in the presence of a high Ar-41 background a limit of 

detection of fission products is attained which is given by the natural sur

face contamination of the fuel elements. The precipitator was found to be a 

rugged, reliable means of detection.



In KNK II a failed fuel element was detected as a result of a DND (Delayed 

Neutron Detection) signal; at the same time, typical fission gases could be 

detected in the cover gas by means of an automated gamma measuring station.

These measurements were backed up by mass spectrometric determination of 

Xe isotope ratios..In the studies conducted on artificially defective fuel 

elements in the Siloe failed fuel program (in cooperation with the French 

CEA) the thicd experiment has now been evaluated. A defect of originally 

30 x 0.2 rrm2 was enlarged by many orders of magnitude within a few weeks 

of operation, and sodium uranate/plutonate was generated. By the DND met

hod of detection it was found that the escape of iodine and bromine is 

controlled by diffusion in the uranate/plutonate layer, which makes it 

larger than would be the case if it resulted from simple fission product 

recoil. These studies provide some preliminary information on the continued 

operation of defective fuel elements in sodium cooled breeders, plus the 

finding that scrams are not necessary in case of certain types of fuel 

element defects.

Concerning the deposition behavior of radionuclides in sodium, it was found 

that fission product iodine absorbed onto tube walls remains absorbed even 

as it disintegrates into xenon. This is important when assessing various 

methods of detection for can failures, in which these isotopes are assayed, 

among others. In the fuel rod defect in KNK II a quantity of Cs-137 was de

tected in sodium which amounted to 2% of the rod inventory.

Statistical methods of early fault recognition were applied to detect and 

localize gas bubbles, which resulted in negative reactivity drops and in 

scrams of the KNK II reactor (cf. 3.1.1).

Out-of-pile experiments indicated that acoustic boiling detection is always 

possible, irrespective of the type of boiling, but that the intensity is 

very much a function of the type of boiling. In experiments conducted on the 

acoustic transmission behavior in a water tank it was seen that even the mere 

circulation of water entrains so much air across the agitated free surfaces 

of the water as to greatly deteriorate transmission properties. This effect 

could also have some impact in the reactor; the introduction of a baffle 

plate to limit the gas inlet is therefore very important.

A method has been elaborated for fluorimetric assays for uranium in sodium 

specimens (4 grams), which allows uranium concentrations to be determined 

in the ppb range.

For calibration of electrochemical oxygen probes in concentration ranges be

low 1 ppm a probe was exposed under steady state conditions together with a vana

dium foil at 400 °C. As a result of gettering of the oxygen dissolved in so

dium by the vanadium foil the oxygen concentration decreased from its initial 

level (75 ppm) to an equilibrium level below 10'2 ppm within 25 days (ana

lysis of the oxygen content of the vanadium foil after the experiment indi

cated a calculated equilibrium level of the oxygen concentration in sodium 

of approx. 10“® ppm).

Work on establishing a method of analyzing the hydrogen content in sodium 

has been begun by exposing scandium foils in sodium at 600 °C. It is to be 

expected that this method will allow hydrogen concentrations to be assayed 

considerably below 0.1 ppm.

The long-time test of a hydrogen detector at ASB of Bensberg was interrupted 

after 42,000 hours for installation of additional equipment. The test section 

was recommissioned in late 1979.

The unequivocal relationship between the hydrogen concentration in sodium and 

that in the cover gas above the sodium to be expected from Sievert’s law has 

not been confirmed after evaluation of several test series on doping water in 

the sodium chemistry system for hydrogen concentrations around 0.5 ppm in so

dium. The hydrogen contents measured in the cover gas were approximately a 

factor of 2 higher and lower than the values to be expected. Most probably 

sodium, which condensed at colder points above the liquid sodium, acts as a 

hydrogen buffer. However, in the laboratory sodium system plugging temperatures 

were found at very high hydrogen concentrations in the cover gas (8000 to 

3000 vpm), which corresponded to the hydrogen concentrations in sodium to be 

expected theoretically.

Electrochemical carbon probes with reference electrodes made of graphite or 

ferritic steel turned out to be unstable in long time experiments (in excess 

of 2000 hours), most probably because of corrosion effects in the reference
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electrode. In a recent design of the carbon probe the reference electrode used 

is a CO/COg mixture introduced into the fused salt. This system should be ca

pable of measuring carbon activities between 10'4 and 1; i.e., activities can 

be measured which are both lower and higher than those found in real sodium 

systems.

Further studies of the carbon probe were carried out both with a membrane type 

monitor operating by the diffusion principle and by an EMF monitor. The latter 

type is analogous to the type designed by UNC; it only differs in the use of 

the flame ionization detector (FID) and the mass spectrometer. The EMF monitor 

uses a fused Nagl^-LigCOj as the electrolyte. The behavior of the equipment 

was tested.

Differences in the results obtained by FID and mass spectrometry were explained 

on the basis of the state of oxidation of the inner surface of the membrane; 

accordingly, the mass spectrometer will no longer be used for further studies 

in this system.

The EMF monitor has been tested for 325 hours under steady state conditions 

in the laboratory and for 920 hours in the system. Because of a minor defect 

in the membrane the unit has meanwhile been dismantled for closer examination.

Preliminary results concerning the thickness of the sodium film on steel sur

faces of sodium systems after draining the sodium indicated film thicknesses 

between 10 and 20 ym. No systematic connection has so far been found between 

the thickness of the sodium film, the exposition temperature, the exposition 

time and the materials composition.

2.3 Neutron Physics and Nuclear Core Design

2.3.1 Experiments in Fast Zero Power Assemblies

The BIZET and RACINE test series jointly conducted with UKAEA and CEA, res

pectively, serve to determine reactor physics parameters of breeders in the 

1300 MWe category. While the BIZET program was devoted to homogeneous and 

heterogeneous structures, RACINE is solely geared to heterogeneous reactor 

cores. The programs were designed in such a way as to complement each other 

meaningfully.

In the BIZET experiments conducted in the ZEBRA facility of Winfrith, DeBeNe 

participated with one or two delegates in 1979. The BZD assemblies last studied 

consisted of a central breeding area surrounded by a fissile area and a breeding 

blanket. The diameter of the central zone was varied. Together

with the BZC assemblies studied earlier, which contained several small islands 

of breeding material, the BZD assemblies served to furnish information about 

the nuclear design of large heterogeneous reactor cores. Measurements mainly 

related to the fissile inventory, the sodium void coefficients of various 

zones, control rod worths and power distribution.

Earlier BIZET experiments conducted on the homogeneous BZA and BZB assemblies 

have only partly been evaluated in 1979.

The RACINE program to be conducted jointly with CEA/CNEN in the MASURCA faci

lity of Cadarache will refer to heterogeneous assemblies with annular zones.

The details of the first assembly of this series, RACINE 1, have meanwile been 

determined. This is a core with two fissile and three fertile zones. From 

November 1979 onwards materials from SNEAK were transported to Cadarache for 

the joint experiment. Experiments at Cadarache will be started up in early 1980; 

the measurements conducted there will be the same as those performed in the 

BIZET program. KfK delegated the project leader for this program at Cadarache.

The SNEAK 11 test series was completed in late October 1979. It was devoted 

to the design and the licensing procedure for the KNK II reloading. The final 

assembly in this series, SNEAK 11C, referred to an assembly with seven Mark II 

elements in the test zone. Above all the sodium void and control rod worths 

and thepower distributions for various control rod positions were measured. 

Evaluation will extend far into 1980.

The SNEAK 12 assembly is to be used for studying safety related reactivity 

coefficients. After some preliminary calculations, the first assembly, SNEAK 

12 A, a uranium assembly, has been designed.

2.3.2 KNK-II-oriented Work

Neutron and thermohydraulic calculations were performed for a preliminary 

study conducted to expand the experimental facilities in KNK II. The purpose 

is to increase the size of the zone available for experiments by changing from
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two rows of reflector elements to one row and in this way also create more 

reactivity reserve. The necessary uranium enrichment of the fuel elements is 

to be reduced to approximately 20%.

2.3.3 Cross Section Data

Measurements conducted at the Van-de-Graaff accelerator served to improve the 

data base for the capture cross section of Am-241 and the capture resonance 

width of Fe-56 at 27.7 keV. The isomer ratio of Am-242 following neutron cap

ture of Am-241 is presently being determined.

A re-evaluation of actinides for the KEDAK nuclear data file was performed 

using the optical and the statistical nuclear models. Outside data libraries 

were used in advance to establish a multi-group set for nuclear transformations 

of the actinides.

The evaluation of data for fission products and for the corrosion products in 

stainless steel was continued. Of these, Cr-50, Fe-54, Zn-64 and Ni-64 have so 

far been completed,

2.3.4 Computer Programs

A number of additional benchmark calculations were performed to verify the 

effectiveness and the consistency of the results of various diffusion codes. 

Detailed tests were conducted to demonstrate the usefulness of the KASY flux 

synthesis code in calculating sodium void effects in reactor cores of the 

1300 MWe category. Adapting the coarse meshed ROSI code to hexagonal geometries 

was initiated by deriving a corresponding set of formulae.

The ONETRAN and TWOTRAN transport codes were adopted, the DIAMANT 2 code was 

improved for triangular geometries. The two-dimensional transport perturbation 

theory code, TP 2 , was completed and documented.

A new method of calculating heterogeneity effects was developed to calculate 

anisotropic diffusion coefficients for partly voided plate type lattices. The 

formulae by Yoshida and Seki/Sasaki were used to determine anisotropic diffu

sion coefficients for control rod followers.

The concept of a three-dimensional program was established to determine the 

reactivity worths of bowings.

The neutron part of a flexible fast design code in a hexagonal geometry was 

successfully tested and completed.
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2.3.5 Core Concepts

Parameter studies were carried out to optimize reactor cores with respect to 

radiation damage and temperatures. The use of ZrH rods allows the dpa rates 

to be reduced by 20-30Ж. At the same time, the positive sodium void effect

is reduced by 50%, while the Doppler effect in absolute terms is doubled.

However, the breeding ratio will drop by 0.15-0.20.

2.4 Safety

2.4.1 Accident Analyses for the SNR 300

The analyses of a hypothetical core disruptive accident (HCDA) were brought to 

a temporary conclusion for the SNR 300. Both the L0F (loss-of-flow) and the 

TOP (transient overpower) types of accident were studied. Only the L0F type of 

accident is relevant to the licensing procedure, because it can be demonstrated

that this will be more probable than the TOP case. Moreover, it also includes the 

latter case. The results of the L0F studies were discussed with the experts, 

who supported most of the conclusions drawn in these analyses:

- In the sequence of accident events expected ("the best estimate case") the

expected energy release can be neglected. Axial fuel expansion and fuel dis

persal will result in a very mild power excursion. There may be recriticality 

in the following transition phase.

- Significant energy releases can only be calculated if several pessimistic 

assumptions are made at the same time. The mechanical energies to be expected 

in that case are on the order of 100 MJ, which means that they are smaller 

than the design value (370 MJ) of the SNR 300.

- Secondary excursions, which may be brought about by fuel movement or by 

collapsing of the fuel-steel mixture, also result in mechanical energies 

not exceeding 100 MJ.

- The distribution of materials in the reactor vessel after an HCDA possi

bility for long term cooling.

- In addition to these studies, which were carried out as contributions to 

the licensing procedure, some preliminary calculations on the basis of the



SIMMER code showed a drastic reduction in the release of mechanical energy. 

This result is consistent with corresponding American studies on the CRBR, 

for which also the SIMMER code was used. Because of the lack of experimen

tal verification of the models used here these results have so far not been 

employed in the licensing procedure.

The DYANA modular computer program serves for the dynamic analysis of operating 

events, accident events and post-scram behavior of the core, the primary and 

secondary systems. Interatom has further expanded the program and meanwhile 

completed the following activités:

- Assessment of the repercussion on reactivity of the core inlet temperature.

- Thermodynamic description of the downcomers in the reactor vessel.

- Inclusion of insulation losses of the systems pipelines.

- Description of the flow redistribution in the core due to different 

buoyancy forces in the different cooling channels.

- Calculation of thermodynamics in the case of pipe ruptures in the primary 

system.

Since late 1978 the program has been used in project related systems analyses.

2.4.2 Out-of-pile Experiments on Materials Movements

KfK experiments were continued to study the movements of the fuel, cladding 

material and coolant. In these studies rods filled with thermit are being ig

nited. Materials redistribution phenomena are observed by means of X-ray high 

speed cinematography.

Some 150 experiments have been conducted so far. Most of them were single-rod 

experiments, but they also included some 3- and 7-rod experiments.

Here are some important results:

- In the subassembly experiments the early failure of rods will cause the so

dium to be expelled from the subassembly. The remaining rods will fail in

a partly voided subassembly.

- Significant movements of the molten materials into the (simulated) blanket 

zones were observed. Partial blockages forming around the spacer grids did 

not impede such movements.

- Some peak pressures up to 100 bar were measured, but there was no prolonged

pressure buildup. The efficiency of the conversion of thermal energy into

mechanical energy was only approx. 0 .1%.

It is planned to continue these experiments in larger subassemblies. At some 

later date uranium-thermit is probably going to be used instead of the present 

iron-thermit.

2.4.3 In-pile Studies

Within the framework of the CABRI program so far tests Al, AIR, A2, B1 and B2

have been performed. The А-tests are TOP experiments, while the series В tests

are to study LOF-phenomena and LOF-driven TOP phenomena. The results of these 

experiments are presently being analyzed. The tests conducted so far were per

formed on fresh fuel. Parallel to the program in the CABRI reactor mixed oxide 

rods were pre-irradiated in Phénix. These rods will be used in subsequent CABRI 

experiments using irradiated fuel. Other rods were sent to Dounreay for pre

irradiation in the PFR. A fire in late August 1979 destroyed the hodoscope el

ectronics and some of the data acquisition electronics for the test section.

The test section electronics are to be repaired by late March 1980Í The hodos

cope will not be fully available until the fall of 1980.

The third experiment in the Mol-7C test series has been prepared, but.not yet 

been performed, because of the outage of the BR 2 reactor. It has now been plan

ned for the first or second cycle after restarting of the reactor. The measured 

data and the post-irradiation examinations of the Mol 7C/1 and Mol 7C/2 tests 

have been evaluated. The conclusions to be drawn from the experiments so far 

are these:

- Under normal conditions a central porous blockage 40 mm long and 25 mm in 

diameter will not cause local sodium boiling.

- To reach boiling condition, the integral sodium flow must be reduced con

siderably.

- Rod failure can be recognized reliably from the detection of delayed neu

trons (DND).

- Integral -cooling of a severely damaged fuel element can be ensured over a 

prolonged period of time at full power.

27



2.4.4 Sodium Boiling

Studies of local boiling with various types and sizes of blockages have been 

completed at KfK and ECN and have largely been evaluated in the meantime. Ex

trapolation to reactor conditions of the most important test results in connec

tion with the safety philosophy underlying subassembly failure has been started.

The required additional studies of porous blockages will be conducted in water 

in order to assess the influence of the residual flow upon the behavior of the 

gas injected and also upon the temperature distribution downstream of the 

blockage.

The results on the first two items are presently being evaluated. For the time 

being, the most important results indicate that gas accumulation is possible 

even if there is only some residual flow. With increasing leak rate the gas 

accumulation in the area downstream of the blockage will become smaller. The 

influence of the leak rate is more pronounced at low flow velocities than at 

high ones.

Development of a computer program on subassembly boiling (steady state and 

transient boiling) has been continued. At KfK it concentrates on the specific 

conditions of application to the loop concept, i.e., the rapid drop in sodium 

flow in case of a pump failure, and to the fuel element grid type spacer con

cept. These activities are harmonized with the French partner, who pursues the 

same goal in the first step, but on the basis of different model concepts.

In France, due to the different reactor and fuel element concepts, the main 

points of attention are gradual pump coastdown and helical wires used as spa

cers in the fuel element.

Tests of the behavior of acceleration transducers under sodium and the first 

experiment on the interaction between a shock wave and components in systems 

filled with liquids were conducted in the sodium boiling section of the faci

lity for engineered safeguards tests (ASB) of Bensberg. Assembly and instal

lation work on the rupture mechanics test rig has been completed.

2.4.5 Computer Programs for Systems and Components under Accident Conditions

The DEVIL computer program is a steam generator simulation program specifically 

designed for long term transients (problem times up to several hours). Most of

the system of equations has meanwhile been programmed and formally tested. Гп- 

tercomparison calculations with the DESY reference program have been started

and have furnished satisfactory results so far. At present some supplementary

program parts, e.g. concerning the feed water system, separation flask, feed 

v/ater control and regulation are being designed.

The ROPLAST computer code describes the propagation of shock waves in systems, 

taking into account also the plastification of pipelines. It is applied in the 

analysis of the primary system under hypothetical Bethe-Tait accident condi

tions and in the secondary system analysis in case of a multiple pipe rupture 

in the steam generator. The code expanded so as to describe also steam genera

tor accidents was verified on the basis of analytical reference calculations, 

recalculations of a rupture disk experiment and reference calculations using 

HEINKO, an established steam generator accident code (in which, unlike ROPLAST, 

pipe plastification is not taken into account).

Moreover, the program was expanded to include also possibilities for incor

porating the dependence on the strain rate of the characteristic materials curve. 

This expansion has also been completed satisfactorily by reference calculations 

of pipe plastification tests.

The second shot in the 1:6 tank model for verification of the ARES code was 

carried out according to plan in early April 1979, after the necessary advance 

calculation had also been submitted in time. This advance calculation furnished 

5.8% hoop strain of the reactor vessel and 17.7% hoop strain of the shield tank. 

The experiment, however, revealed 2.4% hoop strain of the reactor vessel and 

some 10% hoop strain of the shield tank. Evaluation of the experiment indicates 

that the charge in the experiment may have supplied an energy release approx.

30% too low. At present, the pressure-vs.-time function existing in the experi

ment is being determined in the light of the test results. This function will 

then be used for recalculation.

2.4.6 Work on Core Meltdown and Post-accident Heat Removal (PAHR)

(a) Studies_of_the_NaK_S^stem_of_the_SNR_Çore_Çatçher

The AVB facility of Interatom was converted to accommodate studies of the 

function, handling and instrumentation of the NaK system in the SNR core cat

cher.
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The system was started up without any difficulties. All the components pre

viously operated in sodium also worked satisfactorily in NaK. Because of the 

different electrical data of Na and NaK, new calibration values were recorded 

in the temperature range of 20 °C to 400 °C for the level probe and the flow

meter.

Also the operating cold trap of the plant, the plugging meter and the original 

EM pump were tested.

(b) Í5§Í£_Work_on_the_Core_Meltdown_Problem

The purpose of these studies is the prediction and control of the behavior of 

molten core masses following a HCDA. The studies are relevant to problems of 

retention of the molten core inside or outside of the vessel. They mainly com

prise the following aspects:

- the behavior of the materials of the molten core and the core catcher or 

the crucible,

- thermodynamics and fluid dynamics of molten cores.

In the former area, selection tests have so far been conducted on crucibles 

made of refractories representative of the categories of oxides, carbides,

nitrides and borides. Results show that the only relatively high temperature

resistant material to be used in a core catcher or crucible is a member of the

oxide group (Th02) in the range of temperatures studied (at 2200 °C).

The carbides, nitrides and borides react with the liquid steel between 1500 

and 2000 °C and cannot be used as temperature resistant core catcher linings. 

In the melting facility for 5 kg of material, SUSI, some preliminary tests are 

now going on. The SUSI facility was completed at KfK in 1978/79. The test pro

gram proper will not begin until early 1980.

Activities in the second area are both experimental and theoretical.

Model experiments conducted on the meltdown of insoluble materials under hot 

liquids have so far been conducted on the systems of frozen benzene under wa

ter, frozen cyclohexane under water, and frozen cyclohexane under glycerin. In

these experiments, above all the heat of fusion and the Prandtl number of the

hot liquid were varied.

Model experiments conducted on the meltdown of soluble materials inter alia 

related to the propagation of the melting front for purposes of the UOg core

catcher to be used in the SNR 300.

The experiments relating to the volume heated pool were extended to two-dimen-

sional geometries (cylinders) for detailed studies of local temperature, heat

flow and velocity variations.

The present status of theoretical work is this:

- Earlier studies of double-diffusive convection in connection with the inter

pretation of meltdown experiments involving miscible materials were documented. 

The effects found experimentally, especially the rapid increase in heat trans

fer with increasing differential density, can be explained accordingly.

- Work on the IWAN computer code was concluded. The code can be used to compute 

meltdown events in multi-dimensional geometries on the basis of thermal con

duction.

- To describe convection by density gradients as a result of temperature 

and concentration fields the setup of computer programs on the basis of 

various numerical methods was begun.

2.4.7 Sodium Fires, Aerosols

In the spring of 1979 the FAUNA facility was commissioned at KfK. Here are

some of the major design data:
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Volume of the cylindrical vessel : 220 m^

Rated pressure : 4 bar

Sodium supply : 3000 1

Maximum volume burning in a pool type fire: 1000 1

Maximum burning area : 12 m^

Maximum volume for a sodium spray fire : 10 1/h.

The gas composition in the vessel can be kept constant automatically; this 

applies to 0£, CO2 and gas mixtures.

In some preliminary experiments on the behavior of sodium fire aerosols,

150 kg and 250 kg, respectively, of sodium were burnt with a burning area 

of 2 m2 and a duration of the fire of 90 and 150 minutes, respectively. With



the volumes burnt of 90 kg and 150 kg, respectively, maximum aerosol concen

trations were encountered of 14 and 12 g/m3, respectively. For both cases 

the measured dependence on time of the aerosol concentration was compared 

with calculations based on the PARDISEKO code; agreement is satisfactory.

Also the test facility for recirculation cooling (ULK) was commissioned. It 

is used to reinforce the cooling systems in the outer reactor containment 

for the phase following a severe hypothetical accident. In the test series 

the functioning of the cooling systems including circulators and electric 

motors under the impact of aerosols is to be demonstrated. Additional infor

mation is to be generated on the buildup, as a function of time, and the 

chemical composition of the deposited layers and about the water precipita

tion bahavior in the coolers. For the tests of the mode of action of the 

active cooling systems for the outer containment in the SNR 300, which have 

been begun in the ULK facility, the FAUNA facility will be used to generate 

the required fire aerosols.

There is still some uncertainty in fixing the source term, the initial par

ticle size, and tbe chemical behavior of sodium fire aerosols. The deposition 

behavior of sodium fire aerosols in pipelines is hardly known quantitatively.

Releases of UO2 and fission products from hot sodium pools (without fires) are 

studied at KfK in the NALA II facility, which was also completed 1979.

The leakage of accident aerosols through concrete cracks and model openings 

was studied in Petten. According to these studies, cracks in containment 

concrete have a relatively high rate of aerosol penetration (<0.5 p), whilst 

penetrations of steel pipes through concrete walls only exhibit minor aerosol 

leakages.

2.5 Thermohydraulic and Technological Studies of Core Components

2.5.1 Thermohydraulics of Non-nominal Geometries

Now that the basic activities on the thermohydraulics of fuel elements and 

blanket elements carried out in the past few years have established a basis 

for the treatment of undisturbed geometries the development, both on the

theoretical and on the experimental sides, is now increasingly concentrated 

on problem areas resulting from eccentric and non-nominal rod arrangements, 

respectively, or from the influence of spacers.

For this purpose, the VITESSE computer program is being developed in close 

cooperation with experimental activities. It is based on the solution of the 

underlying differential equations for turbulent flows and heat transfer. The 

numerical technique used to predict local flow conditions and temperatures is 

based on the finite element method. Either the mixing length model or the kin

etic energy model of turbulence are used to solve the Reynolds equations.

The method of calculation was applied to a 19-rod subassembly with liquid 

metal cooling. The numerical results mainly relate to the influence of the 

velocity distribution and the heat transport in edge zones upon the tempera

ture distribution in those zones. Comparisons between theoretical predictions 

and test results exhibit satisfactory agreement in the velocity distribution, 

but still major deviations in the temperature distribution. More experiments 

are therefore necessary to improve and verify the computer program.

2.5.2 Core Design and Technology

Data important for the core design resulted from the work on optimization of 

the flow throttles for the SNR 300 Mk la core. Model experiments on water were 

carried out to determine the resistance curves of single and multi-stage flow 

throttles consisting of nozzles the size of quarter circle cylinders. Proper 

choice allows the flow to be adapted to all groups of the cooling systems.

Within the framework of temperature measurements in sodium on the Rapsodie II 

in-pile subassembly a fully heated 19-rod subassembly was studied in different 

power distributions. The results served to improve the input data for irradia

tion analysis. Evaluation and documentation of the experiment are still under 

way.

For the SNR Mark II R&D program the long time experiment with a subassembly 

of seven core elements in the core component test facility (AKB) of Interatom 

was completed after four months of operating time. The positive outcome of 

this experiment for an SNR 300 follow-on core lies in the fact that the test 

elements exhibited no deformations or vibrations.

30



2.5.3 Shutdown Systems

The function and life tests of the prototype of the first shutdown system 

under conditions close to those existing in a reactor were completed success

fully. It is possible to extrapolate from the results that the first shut

down system will meet the requirements imposed by reactor operation. The in

fluences of the temperature, sodium level and displacement parameters are 

slight. The amount of wear of the stressed components caused by the large 

number of actuations was within the framework of what had been expected. 

Control and shutdown functions were not impaired in the course of the life 

test.

The modified prototype of the second shutdown system was subjected to extreme 

loads during an excessive test. Experience with respect to the shutdown func

tion has shown that the shutdown times specified were always met. The load 

limit had only been met after sodium flooding at handling temperature. Al

though this was an extraordinary type of incident, six satisfactory scrams 

could still be carried out. Only then was the high flooding level of sodium 

and the exessive amount of sodium transported into the system felt and in

fluenced the shutdown process. A total of 210 scrams and 210 double full 

cycles were carried out in the severely bowed'absorber guide tube.

The handling gear, which failed in life tests No. 1 and 2, was modified for 

the excessive test. Throughout the 100 handling operations wear remained 

within tolerable limits.

2.6 Reactor Vessel, Handling, and Sodium Technology

2.6.1 Development of Inflatable Seals

To seal the atmosphere in the reactor vessel relative to the outside atmos

phere under all operating conditions the rotary plugs must be equipped with 

sealing systems. These sealing functions are exercised by several elastomer 

seals arranged in pairs in the rotary plugs of the SNR 300: per plug there 

are two seals for static and dynamic applications during replacement of a 

seal, plus one auxiliary seal inserted while the seals are being replaced.

The space between the seals is filled with pure argon (cover gas).

As a result of extensive tests one type of seal is now preferred under the 

conditions of use encountered, in which the sealing function is achieved by 

unrolling the sealing tube.

2.6.2 In-service Inspections

The development and testing of inspection facilities for the in-service in

spections of the reactor vessel mainly comprise the areas of

- ultrasonic and visual inspections from the outside of the wall of the re

actor vessel,

- visual inspection of the internal cover gas space in the vessel,

- inspection under sodium inside the reactor vessel.

Planning and design activities on a test rig in which the complete handling 

and inspection system for ultrasonic tests and for visual inspections of the 

wall of the reactor vessel is to be tested on a full scale have been started. 

The test rig represents a segment of the SNR 300 reactor vessel with nozzles, 

part of the flange and spherical bottom area, and the double tank with the 

rail system. Inclusion of a sodium filled test vessel with man-made faults 

would allow the reactor conditions to be simulated, except for the influence 

of radiation. The tests include both the manipulators to be used in the SNR 300 

and the ultrasonic inspection system as well as the control, electronics and 

data acquisition systems involved in in-service inspections.

Camera systems monitoring the ultrasonic inspection procedure and those used 

for inspection of the surfaces of the reactor vessel and the double tank are 

included in the test program.

For construction of the test facilities studies are now being carried out on 

the coupling medium of the ultrasonic test, on the design of the coupling me

dium system and on the cooling system of the TV camera. The coupling medium 

and cooling medium for the TV camera will be a proven type of silicone oil. 

This allows a meaningful combination of the two systems to be made.

For visual inspection of the cover gas space inside the tank the development 

of a TV camera has been commissioned which is to be used for experiments in 

the sodium test vessel of the RSB facility. One experiment on long time tes-



ting of the handling facility with gear wheel load tests on a prototype of 

the fuel element shuffling device has been continued in the RSB.

2.6.3 Studies of Temperature Fluctuations across a 7-Element Assembly in 

Sodium in AKB

The temperature fluctuations in the upper plenum are to be measured out of 

pile across a Mark II 7-element assembly consisting of four fuel elements, 

two blanket elements and one reflector element. The test parameters are the 

differential temperatures of sodium in the central element and the surroun

ding elements and different sodium flow conditions.

For this purpose, the structures in the upper plenum (instrumentation plate,

support tube, probe guide tubes) were simulated so as to resemble SNR 300

reference conditions in the areas of interest above the central element and 

the two blanket elements. A rotating probe (two webs of the instrumentation 

plate of 90 mm height, 80 mm length of the legs and 10 mm thickness under 

120 °C) can be used to measure temperature fluctuations up to a height of

2.3 mm above the elements.

The probe and the support tube were equipped with a total of 46 fast thermo

couples to measure the temperature fluctuations in the fluid and in the wall 

surface. To measure the sodium temperature of the jet discharged into the 

upper plenum, thermocouples were installed in the bottom end of the probe 

tubes, the tips of which are aligned with fuel element axis and embedded in 

the heads of the fuel elements.

The tests at AKB of Bensberg were begun in January 1980. Measurements of the

temperature fluctuations and temperature distributions in the upper plenum, 

the decrease of fluctuation amplitudes as a function of height and the atte

nuation of fluctuation amplitudes as a function of frequency in the boundary 

layer up to the surface of the structure are to provide information about the 

loads acting on the materials.

2.7 Heat Transfer Systems and Components
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2.7.1 Development of Large Sodium Pumps

Studies and design drafts of large sodium pumps are being developed at Inter

atom with respect to a demonstration breeder reactor.

The APB pump has been converted for demonstration breeder experiments. The 

pump made by KSB, which is presently installed in APB, has been equipped with 

a new hydraulic system, a new impeller wheel and a new inlet nozzle.

At the same time, the loop for demonstration breeder tests with pipes of 850 

and 1000 mm inner diameter has been completed. The first test series, which 

served for calibration of the SNR 300 magnet for flow measurement, was carried 

out in late 1979.

The old pipe loop of APB was used for experiments with sodium velocities up 

to 15 m/s. In straight, undisturbed pipelines this is not the upper limit. 

However, this limit cannot be indicated in general terms in the presence of 

internals in pipelines, such as valves and bends. The experiments will be 

continued in the converted APB in 1980.

An axial compensator of 150 mm has been installed in APB. Tests were carried 

out in this compensator until the end of the year. An NW 600 axial compensator 

was developed, ordered and supplied in late 1979.

The experiments conducted by NERAT00M on a newly developed inducer for the so

dium pump showed good agreement between the recorded and the expected NPSH 

curves. The specific intake coefficient was raised. This means a considerable 

reduction in diameter of the sodium pumps for a 1300 MWe breeder.

As a substitute for the mechanical seal in the SNR 300 pump NERAT00M developed 

a hydraulic seal (visco seal) on a 1:2 scale and tested it successfully.

The mechanical energy loss is reduced considerably by this concept.

For operation of the post-accident heat removal systems of large breeder fa

cilities Interatom is developing a double acting EM pump.



2.7.2 Development of Valves and a Mall Thickness Measuring Unit

For large pipelines proper isolation valves are being developed at INTERATOM:

- NW 1000 mm isolation valve:

The design and development phase with subsequent assessment of the types 

has been completed and the software for a prototype has been ordered. The 

prototype will be based on existing structural elements.

- Neyrpic valve:

The valve was installed in APB and tested in a sodium flow.

- Sodium valve with magnet core:

This development has been started in cooperation with the manufacturer. 

Some preliminary design drafts are available.

- Shutofr^systems under repair conditions:

Design and development work is being carried out with three different com

panies. The purpose of these activities is the proof of feasibility. A 

cost-benefit analysis is to enable a choice to be made for further develop1 

ment work and construction of a prototype.

- Non-return valve:

Another design and development contract has been placed; accordingly, two 

companies are presently engaged in testing the use of these components in 

the continued breeder program.

A prototype for a hydraulically operated ultrasonor unit for measuring wall 

thicknesses within the framework of in-service inspections has been developed 

and tested successfully at NERATOOM.

2.7.3 85 MWth Prototype Intermediate Heat Exchanger (IHX)

In the steam generator and IHX test facility of Hengelo the tests conducted 

in 1979 were mainly carried out on the reinforced version of the 85 MWth IHX 

for the SNR 300.

In the light of the analysis of the first test results a flow distribution 

baffle was attached to the floating head on the secondary side in early 1979, 

which produces higher flow and thus improved cooling capacity for the outer 

tube banks of the IHX bundle during operation, in this way compensating for 

the heating effect of the bypasses on the primary side.

The IHX was then re-installed into the test facility. The results of the 

tests subsequently carried out under steady state nominal conditions exhibited 

a sufficient margin between the differential temperatures encountered and the 

permissible difference between the bundle tubes. Accordingly, this modifica

tion has been successful.

The program was also continued with dynamic tests corresponding to the SNR 300 

transients. The bundle was cleaned in late 1979 and will be removed and inspec

ted in early 1980.

2.7.4 Steam Generators

Steam generator concepts both for helical and straight tube designs for 250 and 

460 MW units are available and were studied intensively by NERATOOM and 

INTERATOM in 1979, especially for the following aspects: optimum design of 

the flow skirt of the straight tube type with respect to transients, hydrogen 

detection, sodium flow, repair problems (exchange of tubes, repair), need to 

use bellows, alternative materials, corrosion, optimum arrangement with res

pect to in-service inspections and repair concepts, and control of sodium- 

water interaction in a helical tube type steam generator.

On the basis of systems harmonized with INTERATOM the studies will be con

tinued in 1980 for unit sizes of 435 MW. Moreover, a conceptual design study

for an 800 MW component with helical tubes is planned.

The design drafts of a steam generator building with four components per sys

tem have been discussed with power plant planners. One of the recommendations 

was putting the steam generator building into a vault and using a common base 

slab for the reactor building and the steam generator buildings. The number of 

steam generators is to be reduced. Results are expected to come forth in 1980. 

INTERATOM has completed layout studies with two steam generators per system.

Within the framework of the SNR 300 licensing procedure a new transient cove

ring steam generators has been defined. It required the development of a spe

cial computer program (strain concentration). Efforts to this effect were comple

ted in 1979 and have since been passed on to the Planning Department. The hy

drodynamic studies necessary for the development of heat transferring components

for future LMFBR's were continued by TNO in 1979, especially in the areas of

inflow box and subassembly inlet zone. Experiments were conducted to evaluate 

and develop a three-dimensional computer program.
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2.7.5 Welding Techniques

TNO studied the applicability of welding techniques for tube/tube plate joints

with a view to using alternative materials (relative to the SNR 300) for large

components. The program of developing a reproducible fabrication technique will 

be continued in 1980.

The development of a remotely operated welding machine has been completed with 

successful tests,. The machine was designed for inserting an IHX bundle during 

the replacement phase. The program for qualification of the welds was started 

in 1979.

2.8 Fuel and Blanket Element Fabrication, Fuel Cycle

2.8.1 Fuel Rod Fabrication

Fabrication of the fuel rods for the SNR 300 Mark la core was begun at ALKEM

in 1979. More than 1000 fuel rods had been fabricated by late 1979.

Under the heading of the "increased specification requirements" project the 

measuring technique for gamma spectrometric assays for americium was ad

apted to ALKEM-specific conditions and is presently being tested. This will

allow quick and precise assessment of the Am content.

Modification of the gravimetric assaying technique for the 0/Me ratio, which 

is being applied in routine analysis, has helped to greatly improve the use 

and the measuring accuracy of this technique.

At Belgonuclêaire's Dessel plant anticipatory qualification tests and the 

pre-production series in SNR fuel rod fabrication were continued. A total of 

approx. 65 kg of U0g - PuÛ2 pellets and 115 fuel rods have been fabricated so 

far. This provides a statistic demonstration of the feasibility of the manu

facturing technique for the SNR 300 Mark la core.

Now that the fuel qualification meets the requirements of the design and also 

of the T0V (Technical Inspectorate), fuel fabrication was gradually increased 

in scale to approach production levels. By late 1979, more than 500 fuel rods 

had been completed at Belgonucleaire.

Other tests related to the fabrication of dummy fuel elements for the quali

fication of subassembly fabrication. Belgonucleaire also prepared the fabri

cation, inter alia, of fuel for KNK I1/2 and the PFR in-pile experiments of 

SNR Mark la fuel rods. The joint SCK/CEN Pu fuel group is developing methods 

of pellet fabrication from co-precipitated powders on the basis of solgel 

techniques for long term application.

2.8.2 Reprocessing Techniques

Studies about the head end of reprocessing breeder fuels were continued at 

SCK/CEN.

Fuel dissolution tests in boiling nitric acid were conducted on specimens 

of approx. 10 g each from the RAPSODIE I experiment.

For off-gas cleanup, tracer experiments were conducted in the 25 m^/h test 

loop. They mainly related to the removal of iodine treatment of the waste 

accumulated in the process, and low temperature retention and removal of 

krypton and xenon, including the steps necessary for plutonium treatment.

After installation of the automatic control system the cryogenic unit has 

been run at an availability of 99.75% since October 1978.

The HERMES pilot plant is under construction for head end tests on samples 

up to 10 kg of irradiated breeder fuel each. The program also includes pro

cess studies for the development of suitable equipment, especially for chop

ping and leaching the fuel. Today's knowledge of offgas purification should 

be expanded to cover also fully radioactive conditions.

2.9 Structural Materials

2.9.1 In-pile Behavior of SNR Structural Material

The studies for materials qualification of a reference cast of the 1.4948 

material, including welds, carried out within the framework of the joint 

irradiation program (ECN, KfK, Interatom) have been concluded except for 

the low-cycle fatiguestress-rupture tests at KfK.



Continuing studies have been started. Preliminary results of three original 

SNR 300 casts and two welds with exposure times up to a maximum of 5000 h 

are available to define the batch dependence of the creep and stress-rupture 

behavior of 1.4948 in the irradiated condition. The stress-rupture strength 

accordingly shows approximately the same amount of variance in the irradiated 

as in the unirradiated state, and the radiation induced reduction of the 

stress-rupture strength becomes lesser with decreasing stresses. The reduc

tion, as a consequence of irradiation, of the stress-rupture strength of 

welds is much less pronounced than in the base material, as had already been 

found out in the reference melt program. The LCF tests at low strain rates 

carried out at ECN indicated a reduction, as a result of irradiation, in the 

N’f-coefficients by a factor of approx. 7, while the corresponding factor in 

the LCF holding time experiments at KfK was 4.

Since the experts make an operating permit for the SNR 300 beyond 50,000 h 

dependent on the demonstration of stress-rupture data of irradiated specimens 

>  10,000 h, long-time creep tests of irradiated specimens are planned. For 

this purpose ECN at present has three, KfK two machines; a test program has 

been harmonized between the DeBeNe partners.

2.9.2 Structural Mechanical Studies in Sodium Systems, Corrosion Problems

Studies of the interaction between metallic materials and the sodium coolant 

are concentrated on verifying the mechanical materials data important for com

ponent design in the presence of the coolant. Because of their use over long 

périods of time, 1.4849 and 1.6770 structural materials are being considered.

For this purpose, conditioning corrosion aging of materials specimens is be

ing carried out for purposes of a subsequent fatigue test at TN0 and direct 

fatigue tests under sodium at INTERATOM; creep tests under sodium were carried 

out at SCK/CEN, INTERATOM and KfK.

After 15 months of construction an LCF test rig was commissioned at Karlsruhe. 

It is used to expose materials specimens under sodium to a cyclic mechanical 

stress which corresponds to the fatigue generated in the reactor as a result 

of differences in temperature. The main objective of this test rig is to de

termine the influence of faults on crack propagation in welds under creep and 

LCF stresses and simultaneous influences of sodium.
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In the program about corrosion mechanisms, which is to extend over years, TN0 

has achieved some preliminary results with the inert molybdenum-sodium loop.

In addition, INTERATOM and TN0 continued their laboratory work on the corrosion 

of metallic structural materials by sodium reaction products and oxygen.

2.9.3 Rupture Mechanical Studies

A joint test program was agreed upon among ECN, TN0 and INTERATOM with respect 

to rupture mechanics activities.

ECN studies the closure of gaps in 1.4948 material within the framework of 

fatigue crack growth studies and has just embarked on activities to charac

terize the structural material after irradiation. TN0 has begun J jq studies 

of aged 1.4948 material and specimens in the as-supplied condition. KfK has 

performed some first fatigue crack growth tests at room temperature and eva

luated the derivation with respect to time of the crack length-vs.-N curve 

by means of the 11-point polynomial method.

INTERATOM studied fatigue and creep induced crack growth in the 1.4948 material 

flsase material and welds). The fatigue crack growth tests were carried out both 

on the material in the as-supplied condition and in aged material at room tem

perature and àt 550 °C. Supporting experiments are evaluated in the as-supplied 

condition at 350 °C. In addition, creep crack growth experiments were begun on 

the base material at 550 and 700 °C and on welds at 550 °C. A test rig serving 

rupture mechanics studies of real geometries on a large scale will be set up.

2.9.4 General Characterization of Materials for High Temperature Strength 

Design

Inelastic recalculation of bending bar model tests with the purpose of quali

fying the method of calculation used requires laws of materials for this model 

case which are specific to the batch of material studied. The available ma

terials data of the model material used were evaluated by graphic and numeri

cal approaches. For the time independent average monotonie stress-strain re

lation in the range of temperature considered (20 - 650 °C) an arc tan approach 

was used. To describe the time dependent stress-strain behavior, relevant

Work on rupture mechanics accompanies the studies.



creep tests were evaluated by non-linear equalization calculation for the set

up by Blackburn with three coefficients. In a higher-order evaluation the 

influence on the creep curves of the temperature and the stress was determined 

and the respective stress-strain relations were calculated. The laws of ma

terials will be used in recalculating the model experiments.

The inelastic strength design of components of the SNR 300 requires average 

materials laws indicating upper and lower limits and based on an evaluation 

of many casts of the 1.4948 material.

The temperature end curves for the short term strength data obtained from 

the data bank agree well with the data found in the literature for the com

parable American AISI 304 type steel, both with respect to the slope of the 

curve and the position.

2.9.5 Processing Technologies

Potential materials for the major components and the heat exchanging equip

ment are further studied with respect to processing techniques and materials 

mechanics in view of potential alternative structural materials.

TNO continues to investigate high-chrome alloys for steam generators. In the 

sector of alternative austenitic materials the qualification of related weld 

filler metals was backed successfully.

2.10 Experimental Program and Experience in Fast Breeder Operation

2.10.1 Post-irradiation Examinations of the First Core of KNK II

The post-irradiation examinations of the core elements of the first core of 

KNK II are under preparation. First of all, the fabrication parameters of 

the fuel rods were compiled with a view to post-irradiation examinations 

and processed. On this basis the programm of work for the Hot Cells in KfK was 

agreed upon and the measuring systems required in addition were ordered.

It is difficult to obtain an extended handling permit for the Hot Cells; 

right now they are not allowed to accommodate KNK II fuel elements with 

their high fissile material contents.

The second reactor core of KNK II, which differs from the first one mainly 

by its larger fuel rod diameter (7.6 mm instead of 6 mm), is presently being 

manufactured. Along with this activity all the data required for post-irra- 

diation examination of these fuel elements are collected already now.

2.10.2 In-pile Experiments in the 2nd Core of KNK II

The in-pile experiments in the second core of KNK II were prepared accor

ding to schedule. Fabrication of the test rods has begun. Especially the 

irradiation of newly developed absorber rods in the in-plant absorber ele

ments of KNK II is of importance. In these rods the use of absorber materials 

on the basis of europium reduces the buildup of pressures or even prevents 

it entirely by a venting possibility, which can provide the extension of 

in-pile times urgently needed. The absorber material, especially the euro

pium pellets, have been fabricated. Moreover, out-of-pile tests of the 

vented absorbers were carried out.

In addition to the materials test element already available in KNK II an

other one has been planned for the irradiation also of structural materials.

A loading plan has been elaborated in agreement with the interested parties 

and the design concept of the second materials test element has been fixed. 

Other structural materials irradiations will be carried out in a materials 

irradiation plug which can be instrumented and heated.

2.10.3 Experiments on In-core Instrumentation

The experiments on in-core instrumentation were largely determined by the 

gas void problem, to which also noise analysis and correlation techniques 

were applied. In an experimental plug, which had been loaded in the reactor 

tank already in late 1978 with the corresponding transducers (neutron flux, 

pressure, flow and vibration meters), a large part of the transducers failed, 

probably as a result of damage to the cladding material. The plug has been 

taken to the Hot Cells for post-irradiation examination. The result, which 

is not yet available, will greatly affect future in-core instrumentation 

within the framework of the KNK test program.
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To localize defective fuel elements, the wet sipping technique, in which the 

elements in the core are tested by reducing the pressure in the fuel element 

region, is to be tested in KNK II. The method has been planned as an in-plant 

system for the SNR 300. The test facility (fuel element inspection system) is 

presently under fabrication, after preliminary expert clearance and inspection 

have been concluded.

Most of the test rig designed to test global failed fuel detection systems 

has been completed. The system has been planned for various detection methods, 

such as spectroscopy of the cover gas by means of Nal- and Ge(Li)-detectors, 

gas chromatography, Xe-adsorption, and several different precipitators. The 

lead shield, which weighs some 40 t, had to be built up. The feed lines, which 

are long because of the adverse site of the unit, are lead shielded. In the 

planning phase of this test facility earthquake protection was in the fore

ground of concern, because of the large weights involved. Triggered off by 

the events at TMI, it was necessary to backfit remotely operated valves in 

the lines. Parallel to the work on the test rig a number of experimental plugs 

were fabricated which can be used to load small fuel rods with defined defects 

in the core. The test program will be started in the spring of 1980.

2.10.4 Reactor Chemistry ( cf. also 2.2.2., p. 13)

Fabrication of the continuously measuring oxygen probe to be installed in the 

secondary sodium system and of a primary sodium sampling system has advanced 

so far that testing and installation in KNK II can begin in early 1980. The 

preliminary expert opinion phase has also been completed on the carbon measu

ring unit. Difficulties with the probe were encountered in some preliminary 

tests which must be resolved before the experiment can be continued.

The other experiments on reactor chemistry (sodium, cover gas and steam gene

rator feed water analyses) were continued routinely. Completion of a new cover 

gas sampling device is scheduled for February 1980.

2.10.5 Operating Behavior of Components and Systems

Licensing problems for an experimental facility designed to measure aerosol 

density and radioactivity concentration of the cover gas in the area of the

rotating plug were preclarified. In this concept, radioactive cover gas loaded 

with aerosols is to be pumped through heated pipelines from the reactor tank 

into a shielded glovebox set up at the operating level of the reactor so as 

to be movable. The test components can now be purchased.

3. ANNEXES

3.1 Annex 1: Operation of KNK II

KNK attained its full power for the first time on March 3, 1979. Commissioning 

of the plant required measures to be taken and measurements to be conducted to 

solve the gas void problem and a defective fuel element to be replaced. Changes 

in the process and the installation of valves in a bypass line drastically re

duced the number of gas bubbles entrained in the primary sodium. Thorough stu

dies, both of the reactor and of flow model systems, are being conducted in an 

effort to recognize the cause of the remaining bubbles and detect possibilities 

of removing tjiem.

A fuel element failure encountered in April 1979 provided an opportunity to 

test the systems and procedures available in KNK II for the detection and lo

calization of defective fuel elements. The systems met the expectations and 

specifications. The defective fuel element was replaced. Its subsequent exa

mination is being prepared; this, in particular, requires licensing difficul

ties to be overcome first.

3y the end of 1979 KNK II had attained a burnup of approx. 108 full power days, 

which is roughly one third of the target burnup. This value corresponds to an 

average burnup of the most highly loaded fuel element of 18,000 MWd/t.

The second reactor core, KNK 11/2, with fuel elements of the SNR-Mark II type 

(7.6 mm fuel rod diameter, spark eroded spacers with skirts), is in the process 

of fabrication.

The main activities will be described in more detail below.

3.1.1 Reactivity Change Induced by Voids

After completion of the commissioning of KNK II at powers up to 40% design 

power there was a first scram via "negative reactivity high" at approx. 60%
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design power in August 1978. Reactivity is one of the three measured parame

ters whose signals are used in KNK II to detect coolant flow disturbances in 

fuel elements. The limit of negative reactivity (the void coefficient being 

negative throughout the core of KNK II) is -7.3

Additional experiments helped to detect a vent line as the main source of gas 

entering the sodium. Actually this line serves to ensure decayheat removal by 

natura convection in a certain type of accident. The amount of gas entrained 

is a function of the flow and, hence, the reactor power. For this reason, 

throttle valves were installed in the vent line at the beginning of the period 

under review. A setting of these valves has been found at which this introduc

tion of gas bubbles no longer occurs, while the original function of the line 

is retained. Full power operation is now possible without any scram being ini

tiated by gas bubbles. Minor quantities of gas are introduced into the system 

on some other routes. The gas collects at certain points at the pumps until it 

is entrained towards the reactor core, depending on flow conditions in the 

pipelines.

Measures are now being discussed to deflect the gas bubbles by design modifi

cations at the grid plate inserts of the fuel elements so as to make them move 

towards the reflector elements, which they can pass without affecting reactor 

operation.

3.1.2 Detection and Localization of a Failed Fuel Element

After 18 days of continuous, undisturbed plant operation at full load and con

nected to the grid, the xenon activity in the reactor cover gas suddenly rose 

on April 1, 1979. This indicated a failed fuel element cladding. The plant was 

shut down manually.

In KNK II, failed fuel elements can be determined by a dry sipping test. In 

this technique the fuel elements are successively pulled into the refueling 

machine . Then the cooling gas system of the refueling machine is turned off 

and the space around the element is evacuated. In a defective fuel element, 

fission product gases are bound to escape, because of the absence of cooling 

and the action of the vacuum, which can then be detected.

Along with this technique, also other possibilities of localizing faulty fuel 

elements are being prepared for licensing. There is, above all, the method of

operating under skewed load conditions which, in combination with the DND mea

surements in both systems, is hoped to narrow down the scope of suspected fuel

elements.

In late May the dry sipping tests were begun which clearly identified a defec

tive test fuel element on June 8. The defective element was exchanged for a 

standby element and the reactor was restarted. In late 1979 the defectivifuel 

element was still kept in the sodium pond of KNK II for cooling.

In view of the fabrication of the second core of KNK II, the cause of this de

fect should be d'etermined as quickly as possible. The Hot Cells of KfK have 

prepared the equipment necessary for disassembly of the fuel element.

3.2 Annex 2: Construction of the Kalkar Nuclear Power Station

Construction and completion of the building shells of the plant have practi

cally been completed.

The permit for construction of the cooling tower is expected to come forth 

in 1980 at. the earliest.

Inside the reactor cell, construction and assembly work on the biological 

shield has been completed. Preparations are under way for assembly of the 

reactor cell internals.

The licensing problems associated with the steel shell of the containment 

have aggravated. It has not yet been possible to obtain clearance for the

planned design, because the existing design backup margins were deemed to

be insufficient. Compensation of penetrations and different designs of the 

anchorage points of the steel shell to the building are presently studied

as possibilities to greatly improve the design reserves.

Assembly of machines and electrical systems in the conventional part of 

the facility, which is not subject to permits, has been completed.

In the area of the systems and components requiring permits under the 

Atomic Energy Act, assembly of the plant components licensed in late 1978 

is going on. Assembly of the electrical power current systems is of parti

cular importance. Progress in these activities is not fully satisfactory, 

because severer criteria were imposed within the framework of a preliminary
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inspection with respect to the dynamic effects to be controlled under im

pacts of the design base earthquake and airplane crashes. For this reason, 

it will probably not be possible to switch the plant supply before mid-1982.

Fabrication in parallel of all major components on the basis of specifications 

previously cleared by the experts continues to be satisfactory. Approximately 

two thirds of all components have been completed or are about to be completed 

soon. Other components are temporarily stored in the plants or on the con

struction site. Work on the reactor plug, whose fabrication had to be entrus

ted to a different manufacturer, proceeds satisfactorily.

Problematic components in the fabrication process at present are the helical 

tube steam generators (installation of a redundant bundle suspension because 

of impossibility of in-service inspection of the original suspension), the 

intermediate heat exchangers (control of the nozzle load due to reduced ma

terials data, reinforcement of suspension), and parts of the pipelines (sub

stitution of tangential bends for smooth tube bends).

From the present point of view, the project deadlines are exclusively de

pendent on the licensing situation. If the permit determining further de

velopment were issued around the turn of 1980/81, critical loading of the 

facility would probably not be started before mid-1984.

List of Abbreviations Used

ACRR Annular Core Research Reactor, Sandia Labs., Albuquerque, N.M., USA

AKB Anlage zur Erprobung von Kernbauteilen, Interatom, Berg. Gladbach

ALKEM Alpha-Chemie u.-Metallurgie GmbH, Wolfgang near Hanau

APB Anlage zur Erprobung von Pumpen f. Brüter (Breeder pump test facility),

Interatom, Berg. Gladbach 

ASB Anlage für Sicherheitsversuche an BrLiterbauteilen (Breeder component

safety test facility), Interatom, Berg. Gladbach 

AVB Allg. Versuchskreislauf für Brüterbauteile (General breeder component

test loop), Interatom, Berg. Gladbach 

BMFT Bundesministerium für Forschung und Technologie, Bonn (German Federal

Ministry for Research and Technology)
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BN Belgonucléaire S.A., Brussels

BR 2 Belgian Reactor 2, Mol

CABRI Test reactor at Cadarache

CEA Commissariat à l'Energie Atomique, Paris

CEN Centre d'Etudes de l'Energie Nucléaire, Mol, and Grenoble, and Cadarache,

respectively

DeBeNe German-Belgian-Netherlands breeder project

DFR Dounreay Fast Reactor, Dounreay, U.K.

DMSA Demountable Subassembly for fuel subassembly irradiation in the Bri

tish PFR

DND Delayed Neutron Detector

DOE Department of Energy, Washington

ECN Energieonderzoek Centrum Nederland, Petten

EdF Electricité de France, Paris

FAUNA Forschungsanlage zur Untersuchung nuklearer Aerosole (Nuclear aerosol

research facility of KfK)

FR 2 Forschungsreaktor 2, Karlsruhe (research reactor)

FPL Fission Product Loop of Toshiba, Japan

HCDA Hypothetical Core Disruptive Accident ("Bethe-Tait" accident)

HFR High flux reactor, Petten

IAEA International Atomic Energy Agency, Vienna

IHX Intermediate heat exchanger

INB Internationale Natrium-Brutreaktor-Baugesellschaft mbH, Berg.Gladbach

INTERATOM Internationale Atomreaktorbau GmbH, Berg. Gladbach

IWGFR International Working Group on Fast Reactors of IAEA, Vienna

KBG Kernkraftwerk-Betriebsgesellschaft, KfK

KfK Kernforschungszentrum Karlsruhe GmbH

KNK Kompakte Natriumgekühlte Kernreaktoranlage, Karlsruhe

LOF Loss-of-flow

MASURCA Maquette Surrêgênérateur Cadarache (zero power assembly)

Mark la, Mark II : first and second reactor cores of the SNR 300 

MILLI High level reprocessing test facility at KfK

NALA Hot sodium pool aerosol studies at KfK

Neratoom Netherlands industrial consortium for nuclear technology, The Hague

Novatome French breeder manufacturer



NRC U.S. Nuclear Regulatory Commission, Washington

OECD Organization for Economic Cooperation and Development, Paris

PAHR Post-Accident Heat Removal

PFR Prototype Fast Reactor, Dounreay, U.K.

Phénix French prototype breeder, Marcoule

PSB Projekt Schneller Briiter (Fast Breeder Project)

RAPSODIE Experimental fast reactor at Cadarache

Ripcex Cladding materials irradiation in RAPSODIE to determine swelling

and creep

RSB Reaktorteststrecke fUr Schnelle Briiter (fast breeder reactor test

bed), Interatom, Berg. Gladbach 

RSK Reaktorsicherheitskommission (German Advisory Committee on Reactor

Safeguards)

SBK Schnell-Brüter-Kernkraftwerksgesellschaft mbH, Essen

SCK/CEN Studiecentrum voor Kernenergie, Mol

SERENA French-German breeder systems company

Siloe Test reactor at Grenoble

SNEAK Schnelle Nullenergie-Anlage Karlsruhe (fast zero power assembly)

SNR 300 Schneller Natriumgekühlter Reaktor, Kalkar Nuclear Power Station

Super Phénix French demonstration breeder power plant at Creys-Malville 

TNO Netherlands industrial research organization, Apeldoorn

TOP Transient Overpower

TREAT Transient Reactor Test Facility, Idaho, USA

UKAEA United Kingdom Atomic Energy Authority, London

ULK Versuchsanlage für Umluftkiihlung (Recirculation air cooling test

facility), Karlsruhe 

UNC United Nuclear Corp., USA

VEC Variable Energy Cyclotron, Harwell

VIC "Variable Internal Cooling" loop in BR 2

ZEBRA Zero energy facility at Winfrith, U.K.
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A REVIEW OP FAST REACTOR PROGRAMME IN INDIA, APRIL 1930

S. R. PARANJPE 
Reactor Research Centre 
Kalpakkam, Tamil Nadu 
India

1. INTRODUCTION

Nuclear energy has to play a significant role in the energy resources of 

India in the next century. To-day's apparently vast reserves of fossil 

fuels would be under severe strain due to rapidly increasing demand for 

energy. Long-term perspective planning requires Nuclear Energy to play a 

significant role from early part of the next century and share a major 

load.

But, India is not endowed with vast reserves of uranium and must therefore 

aim to utilise more abundant thorium reserves which are estimated to be 

about 350,000 tonnes. Department of Atomic Energy which is responsible 

for the development of nuclear energy in India has therefore planned a 

step-wise approach consisting of t

(i) First phase of the programme of natural uranium based thermal

reactors to produce power and plutonium which is the basis 

of the next phase.

(ii) Second phase of the programme to produce power and breed more and

more plutonium through fast breeder deployment so as to build 

sufficient inventories of fissile material which can then become 

the basis of the third stage.

(iii) To utilise thorium with the help of fissile material produced by 

2nd phase of Breeder Reactors.

2.0 R4D PLANS AND 083ECTIVES

It is in this context, that Department of Atomic Energy has launched in 

early seventies a programme of Research and Development in the field of


