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1 General Background

The energy debate in Switzerland is currently characterised by an increasing pola

risation of opinion. This polarisation has recently been aggravated by two events, 

a motion in both houses of Parliament proposing to cancel the Kaiseraugst nuclear 

power plant project, and the publication of a report by an “expert group on energy 

scenarios” nominated by the Federal Council.

The proposal to cancel the Kaiseraugst project reflects difficulties with the in

creasing costs of a long debated project with still unclear future. In its response 

the Government will have to consider that, in the foreseeable future, there are 

no possible alternatives, since local parliamentary decisions at Berne and Geneva 

have ruled out the construction of nuclear power plants on proposed sites within 

their territory.

The expert group on energy scenarios was charged to study the consequences of 

phasing out nuclear energy and propose appropriate scenarios. The group con

cluded that a non-nuclear path is possible but expensive, and that a rigorous 

energy conservation programme is necessary, if massive electricity imports are to 

be avoided. The group estimates that energy savings of up to 33 %  could be 

achieved at a per capita cost of about 13’000 SFr. This would, however, involve 

the introduction of heavy energy taxes and far-reaching regulations.

Although the necessity to conserve energy is widely accepted, this has hardly re

flected upon the practical habits of the consumers: In 1987 the electricity consump

tion and the total end energy consumption went up by 2.9 and 3.1 % ,  respectively. 

It remains to be seen whether the consumers will accept the proposed taxes and 

regulations when they are called to the vote. In view of this situation, the Federal 

Council has now announced that it is against abandoning the nuclear option and 

will adopt an appropriate policy.

At the beginning of 1988 the two Federal nuclear research laboratories, EIR  

Wuerenlingen and SIN Villigen, were merged into a single organisation, called the

Paul Scherrer Institute (PSI). The new organisation has 4 research departments 

concerned with nuclear and particle physics, life sciences, solid state physics and 

materials sciences, and energy technology. Most of the former E IR  has been incor

porated in the energy technology department. The nuclear part of this department 

has a staff of 180.

According to the PSI concept for fission reactor R + D , activities have been divided 

into two categories: Activities related to the safety of existing light water reactors 

and the storage of radioactive waste belong to the “must” category, whereas ad

vanced reactor R + D  activities have been relegated to the “desirable” category and 

have to be funded, at least partially, by Federal authorities, industry or electricity 

companies.

The fast reactor activities comprise a safety and an advanced fuel development 

programme. Although currently not in the focus of main interests, these activities 

are continuing, the former with support from the Federal Office of Energy.

2 Structural Response to H C D A  Loading

In the framework of a collaboration agreement with Euratom and the U K A E A , PSI 

participates in the development of the containment code S E U R B N U K - E U R D Y N . 

The code has been developed specifically for analysing the mechanical conse

quences of an H C D A  in a fast reactor. It may, however, be applied to more 

general fluid-structure interaction situations in which large fluid motions occur. 

The code is supported by the five partners of the European fast breeder colla

boration and has been released, together with supporting ancilliary programs and 

documentation, through the Computer Centre Program Library at JR C  Ispra.

Since the code has now reached some maturity and future interest will focus more 

on its application to reactor problems, it is appropriate to summarise development 

and validation work on which PSI has been engaged over the past few years.

Particular development topics have comprised

•  the stabilisation of the fluid structure coupling algorithm between the SEURB- 

N U K  and E U R D Y N  modules,

•  the introduction of a sliding contact model for the E U R D Y N  elements,

•  ал automatic smoothing treatment which alleviates difficulties associated 

with the growth of instabilities at the fluid/bubble interface,



•  a generalised boundary treatment including the handling of roof impact phe

nomena.

In the code validation area a collaborative exercise with the C E A  and the E N E A , in 

which the French M A R A  experiments were analysed using the three different codes 

SE U R B N U K - E U R D Y N , SIRIUS and C A SS IO P E E , proved to be particularly use

ful. Altogether, PSI participated in the analysis of three of these experiments: 

MARA-4 had internal structures (core support, diagrid, internal tank), MARA-8 

was a bare vessel with a flexible roof, and MARA-10 included all of these features 

together with an above core structure. The S E U R B N U K - E U R D Y N  predictions 

satisfied the target accuracies for project applications with respect to all important 

parameters. Some minor discrepancies could be identified to originate from known 

modelling deficiencies and inappropriate material data.

Complementary validation work included re-examination, with enhanced realism, 

of some bare vessel tests from the C O V A  series, performed in the U K  and at JRC 

Ispra, as well as checks against analytical results for various test problems. For 

instance, in the case of the C O V A  test W T 6 , a recalibration of the equation of 

state of the explosive charge and the modelling of flexibility effects led to much 

improved calculation-to-experiment values.

To demonstrate the capability of the code, S E U R B N U K - E U R D Y N  was applied 

in a generic study in which fluid-structure interaction during sodium impact was 

evaluated for a realistic cover of a pool reactor. The study showed that the fluid- 

structure effects are small but not negligible and that the loads can be calculated 

using a substitute 2D  model of the cover with suitably averaged material proper

ties (The azimuthal dependence of the fluid-structure interaction effects can be 

neglected).

The PSI work related to the structural response to H C D A  loading has been re

ported in detail at the SM iRT  conferences in Brussels (1985) and Lausanne (1987) 

and at the B NES  Conference on the Science and Technology of Fast Reactor Safety 

in Guernsey (1986).

3' Subassembly W rapp er  Failure in a Local Accident

The total instantaneous blockage (TIB) of a subassembly at nominal power plays 

an important role in the safety philosophy for future fast reactors. Major research 

programmes are underway with the aim of improving the understanding of the

T IB  scenario and to provide data for the validation of computer models. In the 

thermal melt-propagation scenario of the TIB, a central question concerns the 

mode of failure of the subassembly wrapper (hexcan).

Since 1987, PSI collaborates with CEA - DRN R  in the thermomechanical analysis 

of melting hexcans. In particular, PSI participates in the interpretation of a series 

of benchmark experiments called C O T H A A  (comportement du tube hexagonal 

lors de l’accident d’assemblage), in which circular and hexagonal tubes are heated 

and pressurised to failure under controlled conditions.

Work performed up to date includes

•  an assessment of the relative performance of the heat transfer and stress 

analysis codes used by the two organisations (thermomechanical benchmark 

calculations),

•  scoping studies to explore physical phenomena in the C O T H A A  tests and 

possible difficulties in their interpretation,

•  two-dimensional finite element analyses of the behaviour of the hexcans of 

Rapsodie fuel elements.

The principal analysis tools used by PSI and C E A  are the finite element code 

systems A D IN A T /A D IN A  and D E L F IN E /IN C A , respectively. Three calcula

tional benchmarks have been formulated to test these code systems with respect 

to the hexcan melting problem. In the heat transfer calculations, testing concen

trated on the treatment of the latent heat. Some difficulties arose in the mechanical 

calculations when, near the melting temperature, the mechanical strength of the 

structure was much reduced. The benchmark calculations allowed the difficulties 

to be identified and methods for circumventing the problem to be devised.

Typical results of the benchmark exercises are illustrated in Fig. 1. The upper 

part of the figure shows the hexcan temperature evolution midway between corners 

for a given heat flux at the inner and sodium temperature at the outer surface of 

the hexcan. The interruption of the heat transfer to the sodium 27 s after acci

dent initiation causes a rapid temperature rise and complete melting within the 

following 2 s. The lower part of the figure, a 1/12 representation of the hexcan, 

shows the structural response to the combined effect of the above temperature 

and an internal pressure load -at the time when the hexcan loses its strength. The 

contours of equal effective plastic strain indicate that rupture begins at the inside 

of the corner.
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Fig. 1: Thermomechanical benchmark calculations:

Hexcan temperature evolution and structural response of the hexcan

The scoping studies, i.e. analytical studies for simple circular tubes, allowed deter

mination of temperature drops across the thickness of the tubes and melt-through 

times as a function of the heating rate. A  comparison of the thermal and me

chanical response times showed that the mechanical behaviour of the tubes may 

be considered static on the thermodynamic time scale and that the decoupled 

thermomechanical approach of A D IN A T /A D IN A  or D E L F IN E /IN C A  is therefore 

vindicated. A  complementary study of the dynamics of molten material indicated 

that in the C O T H A A  tests the molten steel will slump slowly under gravity on a 

free fall time-scale.

Parameter studies using A D IN A  have been performed to predict the behaviour of 

unconstrained Rapsodie hexcans in the C O T H A A  tests. Rupture conditions (time 

and position of rupture, deformations, etc.) were determined for

•  temperature ramps in combination with a constant internal pressure and 

pressure ramps in combination with a constant hexcan temperature (rupture 

begins in the corner of the hexcan),

•  pressure ramps in combination with azimuthally dependent hexcan tempera

tures or with temperature gradients across the thickness of the hexcan (posi

tion of rupture depends on the temperature and the temperature gradients).

Currently, these calculations are being extended to include the effects of mechanical

constraints, simulating the hexcans of neighbouring fuel elements.
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4 N a tu ra l C onvection  in R od B undles

The measurements of flows and temperatures in the electrically heated sodium- 

cooled 37-pin bundle S O N A C O  have been continued with emphasis on more basic 

thermohydraulic investigations.

An experiment was carried out to study flow reversal effects in a row-wise asym

metrically heated bundle with low inlet flow. Local flow measurements using 

permanent-magnetic velocity probes showed that flow reversal on the cold side of 

the bundle begins at the top and extends downwards with decreasing inlet flow. 

Computer simulations of the tests were performed using a subchannel analysis 

code.



Earlier S O N A C O  tests with purely axial thermosyphon cooling (zero bundle inlet 

flow, adiabatic radial boundary condition, heat sink in the plenum above the bun

dle) showed considerable temperature fluctuations which could not be interpreted 

using normal thermalhydraulic analysis methods. To obtain information on the 

flow patterns, a stochastic (signal transition path) analysis has been applied to 

temperature signals recorded continuously over a period of 2.5 hours. First results 

indicate that, for particular time segments, the predominant local flow direction 

and velocity between neighbouring thermocouples can be derived from the par

tial cross correlation of the respective temperature signals. It is hoped that more 

detailed analyses will confirm the usefulness of this method for studying unstable 

and geometrically complicated natural convection flows.

Three-dimensional calculations performed by U K A E A  Dounreay using the A S T E C  

code confirm experimental observations that asymmetric natural convection pat

terns predominate in all axially-cooled S O N A C O  tests, including axisymmetric 

tests with uniform power distribution. Compared with earlier calculations using 

90° and 180° sector models, the fully three-dimensional A S T E C  calculations give 

an improved prediction of the inverse temperature stratification in the bundle. 

(The inverse stratification is a prominent feature of all axially-cooled tests.)

The design of a transport bucket experiment for validating calculational methods 

used in the analysis of the “subassembly during transport incident” (blockage of 

the subassembly handling system) has been further refined following a review of 

the proposal by British and French specialists. However, a schedule for carrying 

out the experiment has not yet been decided on.

The development of permanent-magnetic velocity probes has been continued, with 

the aim of improving the discrimination between the desired velocity signal and 

the superimposed thermoelectric signal. Promising results were obtained with a 

modified probe made from electrically insulating material.

5 Advanced  Fuel Development 

(R .W . Stratton)

The test of 25 mixed carbide sphere-pac fuel pins in the US Fast Flux Test Facility 

has been running successfully since August 1986. The PSI pins are mounted in a 

91-pin subassembly along with mixed carbide pellet fuel pins produced by the Los

Alamos National Laboratory. By mid-March 1988 the subassembly had accumu

lated an exposure of 440 E F P D , giving a peak burnup of 6.5 atom % .  The target 

exposure of approximately 600 E F P D  will be reached around September 1988.

Planning for the post irradiation examination is underway. After cooling, the sub- 

assembly will be transferred to the F F T F  Intermediate Examination and Main

tenance cell, where it will be inspected and dismantled to give access to the fuel 

pins. After general examination, the pins will be allocated for further P IE  in a US 

hot cell facility or for storage. Around 15 pins will be selected for non-destructive 

PIE  and gas release measurements. Of these, some 3 sphere-pac and 2 pellet pins 

will be transferred for destructive PIE. The PIE programme is expected to be 

completed by mid-1991. Consideration is also being given to the possibility of 

transient testing of a small number of rods in the T R E A T  reactor.

Apart from ongoing examination of a PSI sphere-pac and a KfK  pellet carbide 

pin in the PSI hot cells, the main effort of the PSI advanced breeder fuel studies 

has switched to nitride fuels. Together with CEA- DECPu at Cadarache, PSI is 

studying the fabrication process for mixed nitrides using gelation methods and 

the carbothermic reduction route. As with carbides, the PSI process allows direct 

reaction sintering, converting the oxide material to nitride in one heat treatment 

phase.

In a first phase of the study, now reaching completion, the. aim has been to achieve 

uranium nitride microspheres with low contents (< 1000 ppm) of oxygen and 

carbon. The next step is to increase the sphere density to near theoretical density 

and to achieve homogeneous fuel batches. Fuel of lower density is to be sent to 

Cadarache for trials of pellet pressing from gel feeds. Production of mixed nitride 

will start towards the end of 1988.

In preparation for a possible test of gel sphere-pac and gel pellet nitrides in the 

Phénix reactor beginning late 1989, studies are being made on test rod design. 

These include a study of the risk of particle loss from a cladding breach. The 

effect of partial sintering of the particles on their behaviour for realistic crack 

geometries is being studied by characterising the “stickiness” of the particles after 

operation at intermediate temperatures over short periods after the initial start 

up (the period of greatest potential loss, but lowest risk of crack initiation). Fig. 2 

illustrates the ejection mechanisms and the mechanisms preventing fuel loss, all of 

which are subjugated to the risk of a crack occurring, its growth rate and location.
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Fig. 2: Particle loss from a cladding breach:

Driving forces and retaining mechanisms
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