
THERMAL HYDRAULICS

Work done during -the past year was concerned with three main topics: hot 
spot analysis for the core; sub-assembly bowing and dilation due to 
neutron-induced voidage; and natural-circulation heat removal.

Design calculations are currently performed using the method originated 
by Amendola (Karlsruhe) but further developments have been made in the UK. 
Hot spot analysis has much reduced importance since temperatures in current 
designs are limited by the performance of the above-core structure.

Calculational methods are under development on the following topios: bowing 
behaviour of free-standing sub-assemblies; dilation of sub-assembly walls 
under the action of internal pressure and irradiation creep; bowing 
behaviour of individual restrained sub-assemblies; and behaviour of arrays 
of sub-assemblies. It is not expected that it will be possible to produce 
a code to calculate the behaviour of a restrained array if there are 
initial gaps between sub-assemblies which olose up as a result of irradia
tion.

The computer code TRIXIE has been developed to carry out a survey of 
parameters affecting natural-circulation heat removal from the CFR. This 
code incorporates a representation, more complex than previously, of the 
ebove-core plenum, the intermediate heat exchanger, and the secondary 
oircuit flow and temperature transients. It will be extended, as 
required, to include representation of the whole of the secondary cirouit.

CONTROL AND INSTRUMENTATION

A digital computer model of the CFR reactor and plant is being set up for 
control and dynamics studies. A systematic assessment of the consequences 
of various plant failures is proceeding based on PFR experience and simple 
modelling. Even before the full modelling systems are available a useful 
view is emerging of which transients could lead to significant damage. 
Preliminary design is being aided by studies such as those on temperature 
transients of the intermediate heat exchanger, primary pimp orientations 
and secondary pump supply configuration.

The code JCBARK has been applied to a preliminary study of rapid load 
pick-up for a helioal once-through boiler which showed a possibility of 
IO55 rapid load pick-up and stable grid-frequency load-following given 
certain design provisions. Reoent improvements in treating phase-boundary 
movement across mesh points in JCBAKK, when applied to feed failure 
transients, lead to appreciably reduced computing times.

A simpler overall plant model, FASDIG, is being developed to supplement 
the work on the reference model based on JCBARK. The possibility of 
developing FASDIG further to cope with non-symmetrical operatioa is 
being studied.

It is expected that CFR will have two ranges of nuoleonic instruments.
The lower power range will be based on pulse-counting fission counters; 
the high power range will also have pulse-counting fission counters but 
extended upwards to the required maximum by measurement in Campbell mode 
for the same counters. This scheme and the corresponding sites for the 
counters are currently Tinder review and research a n d  development are 
continuing on a range of instruments that oould be adapted for use in the 
final preferred scheme. The work in progress includes development of

fission counters (including speoial gas fillings allówing fast pulse 
collection), cables and electronios and trials in other reactors. Quad- 
гл axial cables are under development to allow measurements in the 
Campbell mode.
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The major milestones of the German-Belgian-Dutch LMFBR Programme during the 

past year were

- the continuation of the construction work on the SNR 300 power station 

at Kalkar and of the accompanying r+d work.

- the successful operation of the 20 MWe sodium-cooled test reactor, KNK, 

at Karlsruhe with it s  f i r s t  (thermal neutron) core and the beginning of 

the preparatory work for the in sta lla tion  of a second (fa st neutron) core.

- the preparation of necessary steps towards a commerciabsize LMFBR power 

plant, SNR 2, culminating in the award of a preliminary design contract 

and the authorization of гч-d funds.

1. SNR 300

The German-Belgian^Dutch SNR programme continues to be centered around the 

construction of the SNR 300.

Following the concrete placement for the reactor building floo r in July 1973, 

the construction of the building has proceeded somewhat slower than the 

orig ina l schedule because of numerous licensing d if f ic u lt ie s . At present the 

concrete walls extend from the foundations, about 13 m below grade, to 

elevations ranging from 0 to 10 m above grade. Licensing d if f ic u lt ie s ,  primarily 

in  the matter of protecting the building against the hypothetical core 

disassembly accident, w ill lead to further delays in  the construction of 

the reactor build ing, which w ill dictate the overall schedule. Full power 

operation is  now expected mid 1980.

S ign ifican tly  better construction progress can be reported on the turbine 

hall and the middle steam generator building. The f i r s t  large components, the 

secondary sodium drain tanks and leak-collection tanks, have now been 

in sta lled  at the site .

The mechanical and e lectrica l components, representing about 2/3 of the

total contract value, have been ordered from the subcontractors. The

reactor vessel is  about 2/3 completed and for the large loop components, the

materials have a ll been procured.



This was made possible by the good progress of the supporting r+d work. The 

major sodium component test fa c il it ie s  at Hengelo and Bensberg were fu lly  

available, so that the performance of the stra ight tube steam generator, 

the IHX, the helical coil steam generator, the handling equipment, fuel element 

bundles and the.control rods could be tested.

The inspection of the stra ight tube steam generator after 10000 hours 

sodium operation and 3500 hours steam generation under SNR conditions 

showed some inperfections, such as inhomogeneous bypass flow around the 

lattice  bars, which gave rise  to a s lig h t  bowing of the bars due to temperature 

differences. S lig h t improvements in the design of the components

for SNR 300 and more stringend fabrication requirements w ill eliminate these 

effects in the future. The inspection of the helical coil steam generator, 

which during the tests has shown a very satisfactory performance, is  just 

starting. The IHX, however, showed after dismantling excessive

tube bending of the outer tubes caused by bypass streams and of the inner 

tube caused by imperfect equalization of temperature in the sodium gap between 

the inner tubes and the central pipe at low loads. Major design modifications 

have therefore been decided. The modified IHX w ill be subjected to another 

performance test at Hengelo.

Tests of the handling equipment at 250 °C sodium temperature gave very 

satisfactory results. The tests included 5000 movements of the rotating 

shie ld plugs, handling of ordinary and bent fuel element dummies and their 

handling casks, assembling of a 19 element core, instrumentation performance 

and accuracy etc.. Operation at 560 °C sodium terrperature showed, that 

with the choosen preventive mesures no problems have to be expected due to 

sodium depositioning in gaps of the rotating shield plug. At present the 

tests are continued at 600 °C sodium temperature.
О

The analysis of the performance of the 5000 m /hr sodium pump and the 

cause of the shaft seizure - which was reported in detail la st year - was 

completed. As a consequence the temperature equalization section was modified 

in order to reduce the temperature differences around the pump shaft in the 

cover gas space. I t  is  expected that the new design w ill decrease the tempe

rature gradients by a factor 4. At the same time, the clearances of the 

bearing were increased, so that no d iff ic u lt ie s  are expected within the 

fu ll range of pump operation.

The performance and endurance tests of the prototype of the type 1 shut-off-rod 

were conpleted. The performance was excellent and the visual inspection showed 

essentia lly  no wear effects. The hydraulic model tests of the type 2

shut-off rod under water were completed at GfK, performance tests of the J J

prototype at Bensberg have started.

The concept of the fuel subassembly of the Mk IA core has been established.

The cladding material chosen is  the german steel 4970, the pin diameter 6,0 mm 

and the grid spacers are of honeycomb type. The inp ile  and out of p ile  tests of 

the Mk I I  fuel subassembly were started or are in preparation. The Mk I I  subassembly 

w ill have 7,6 mm pins fixed by electroeroded grid spacers allowing a lower p/d ratio.

the progress of construction work of SNR 300 is  expected to depend to a 

large extend on the acceptance of the evaluation of the consequences of 

severe Bethe-Tait type accidents by the licensing bodies. In order to 

provide the necessary information the r+d effo rt in the safety fie ld  was 

concentrated on problems connected with whole core disruptive accidents 

or single subassembly events which are considered as potential in it ia t in g  

events.

The whole core jiccident codes CAPRI-2 and KADIS were further improved and 

applied to DBA-calculations for the Mark la core of SNR 300. The results 

of th is analysis indicate that despite of the enlarged core configuration 

the energy release is  s t i l l  within the design lim its of the vessel. A large 

e ffo rt was devoted to the experimental verification of assumptions made 

in the theoretical analysis (see chapter 4).

An external core catcher had to be incorporated into the SNR design.

The conceptual design of this core catcher has been submitted for approval.

It s  functions are to d istribute, contain and cool the molten core material 

and to protect the concrete vault surrounding the reactor tank.

2. KNK

The 60 MWt sodium cooled test reactor KNK I was operated until September

1974 with fu ll power. No technical problems causing set backs or shut downs 

were encountered. The foreseen experimental program (especially instrumentation 

tests, sodium vapour behaviour, control experiments) was completed. E lectric ity  

(up to 21 MWe) was fed into the Badenwerk grid.

In October 1974 work to convert KNK I to the fast power plant KNK I I  was 

started. Up to now the following major operations are under way:

- unloading of the thermal core and transport of spent fuel elements to the 

reprocessing plant at Marcoule.

- extraction of the KNK I wet fuel storage and insertion of the KNK I I  

magazine.

- remodeling of fuel element machine (for hexagonal elements).



- erection of a separate emergency diesel building which takes care 

of redundancy considerations.

- insertion and cabling of a process computer.

- turbine revision work.

Progress of work is  widely determined by the licensing procedure. Up to now 

a ll operations are done on the basis of KNK I-license . The f i r s t  KNK I I -  

license is  expected to be granted in April 1975.

KNK I I  conversion w ill be completed in  spring 1976. The fuel elements for 

KNK I I  are under fabrication at Alkem and BN. The test, program for KNK I I  

cores 1 and 2 is  in preparation.

Startup is  foreseen for the summer of next year. From then on, KNK I I  w ill 

be the primary fast flux test fa c ilit y  for integral FBR fuel irrad iations 

in the DeBeNeLux countries. It s  core provides for 7 subassembly 

positions for Ри-containing test elements with oxide or carbide fuel.

3. SNR 2

During 1974 preparatory steps towards a large LMFBR demonstration plant were 

taken. The necessary r+d work was defined and started both at the centers 

and at industry and the organizational arrangements on the u t i l it y  side were 

established.

On October 10, 1974, the new European Fast Breeder Power Company, ESK, 

was formed by the u t i l it ie s ,  RWE, EdF and ENEL. The shares of RWE were than 

taken over by SBK. Just recently, ESK awarded a f i r s t  preliminary engineering 

contract to INB and parallel to th is, the government has authorized in it ia l 

funds for the accompanying Research and Development, so that in the course 

of th is year the programme w ill get fu lly  underway.

Also the organizational arrangements for cooperation between the nuclear 

research centers and INB have been worked out. The objective is  the con

struction sta rt by 1980 of an SNR power station rated at 1200-2000 MWe.

For planning purposes, the reference site  is  Kalkar.

The german government w ill call in an advisory comittee this spring in 

order to assess the FBR situation and to make a recommendation on the 

support of the future development by public means. I t  is  foreseen that 

the f i r s t  phase of the SNR 2 project ending in  1979 before the sta rt of 

construction w ill be funded by the government on the r+d side and by the 

u t i l it y  group on the design side. A new assessment w ill be made in 1979/80 

before the second (construction-)phase w ill be in itiated.

4. Additional Information on R+D A ctiv itie s 

4.1 Fuels and Materials
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For the specification of the SNR 300 Mk la fuel 500 test pins, 250 out of 

them from fast flux irrad iation, have been evaluated.

In the f ie ld  of clad swelling i t  appears that for cold worked sta in less 

steels the swelling exponent is  about 1 up to a fast neutron dose of 

6xl022 n/cm2 >0.1 MeV. Extrapolation to fast neutron doses, which correspond 

to the design bumup of big power plants, would result in Ш  volume increase. 

However, the in p ile  resu lts, supported by simulation experiments in a 

cyclotron, indicate that the swelling exponent may increase at higher doses.

Large differences in swelling behaviour can be caused by the pretreatment 

and the charge h istory of tube fabrication.

Main causes of pin fa ilures were the internal corrosion at high clad 

temperatures in connection with high temperature embrittlement and neutron 

induced matrix hardening in combination with He-embrittlement in the tempe

rature range 450-600 °C.

Most of the research and development work required for establish ing the 
fuel fabrication method is  about to be finished. An important problem s t i l l  

to be solved concerns the recycling of the fuel fabrication scraps and the 

establishment on control methods for the plutonium particle size in  the 

fuel, the oxygen-content and impurities.

In the fie ld  of carbide fuel development 30 pins have been operated between

20.000 and 90.000 MWd/t, most of them were of gas bonded design. Two pins failed 

at low burnup. High carbide burnup with re lative ly  low diametral changes around 1% 

apparently can be reached with smear densities around 75%. The void volume 

which w ill be f il le d  by the (2% per % bumup) fuel swelling is  distributed 

equally in the fuel and the gap between fuel and cladding. I t  appears that 

carefully designed gas bonded carbide pins can reach burnups of the same 

magnitude as oxide pins considering that the clad swelling is  the lim iting 

factor.

In itia ted  by the plant licensing requirements a broad experimental program 

is  now under way in order to support the primary system design by providing 

data on the fatigue resistance of materials under cyclic  loads, the material 

strength under dynamic loads and on the ine la stic  behavior of materials.



4.2 .Physics

The SNEAK 9 series of experiments that supports the design of SNR 300 started 

in early 1972 and has ju st been finished.

During the la st year assembly 9C has been investigated, a smaller sized core 

(38 cm radius, 60 cm height) that served mainly to check, the influence of 

higher Pu240 content. Oxide fuel was used to set up a cubic central zone of 

32.6 cm side length, while metallic fuel, supplied by the ZEBRA group, 

served to construct a cylindrical zone of 22.8 cm radius over the whole 

length of the core.

The evaluation has not yet been finished. Presently, the following two main 

results are available:

1st: C r it ic a lity  calculations result in С/E ratios between 1.005 and 1.010 

2nd: Calculations and experiments agree well for reaction rate ratios with 

exception of the fiss ion  rate ratios of U238 to U235, which are under

estimated by the calculation by about 10%.

Among other measurements done at SNEAK 9C a check of the sector substitution 

method was done, sta rting from a fu ll uranium core and ending with a fu ll 

plutonium core. Furthermore the routine measurements of f iss ion  rate ratios 

were extended to Am 241.

After the new evaluation for KEDAK of data for U235, U238 and Pu239 had 

been finished i t  could be shown that a data set derived from KEDAK now 

leads to results comparable to those obtained with the KFKINR set, that 

was adjusted to integral experiments.

The work to generate a new 26 group data set tailored to support the pre

design of SNR-2 is  in good progress, the test phase of th is set w ill sta rt 

later th is year.

The modular program system KAPROS now contains 35 modules, the documentation 

of the system kernel has ju st been finished.

4.3 Safety

The vapour pressure of mixed oxide fuel containing 20% PuOg was measured 

for the f i r s t  time up to 5000 °K using a LASER technique. The results indicate 

pressures somewhat higher than previous extrapolated values. This very 

important work is  being continued in cooperation of GfK and the European 

Transuranium Institute  at Karlsruhe. In addition the experimental data for 

the equations of state for the essential fiss ion  products were reviewed

and programmed to calculate equations of state for irradiated fuel to be j

used in  disassenfcly calculations.

In the fie ld  of sodium bo iling  f i r s t  experiments simulating the pump coast 

down incident of SNR 300 were performed. The experimental results show 

fa ir ly  good agreement with theoretical models, but no sodium superheat could 

be detected in th is bundle geometry. Rather homogenous bo iling  was detected, 

which is  in some contraction to e a rlie r single  channel bo iling experiments.

Larger test r igs with 28 and 91 e le ctrica lly  heated rods in fu ll size SNR 

core are under contruction for the investigation of local and cross bo iling  

phenomena in bundle geometry .JSodium-fuel- and sodium-steel interaction 

experiments were performed in collaboration between GfK and Ispra. Several 

kg of molten UOg or steel were dropped in  a tank with sodium at temperatures 

up to about 400 °C. Although intensive fragmentation of U02 or steel was 

observed only pressure pulses of a few bars could be measured. This i s  consistent 

with e a r lie r  experiments in  France and the USA.

Theoretical models for the description of the thermal interaction and 

mixing process of molten fuel and sodium were further improved. Two computer 

programmes are ready now for application in the SNR safety analysis.

The potential effects of a severe pressure pulse in itia ted  by a sodium fuel 

interaction after a local melt down in a subassembly was investigated by 

explosion experiments in a 1:1 scale SNR core model at Foulness. Pressure 
pulses corresponding up to 700 bars in comparing overstrong wrapper geometry 

did not show any p la stic  deformation in neighbouring core areas. However, 

these experimental results apply up to now only to non or s lig h t ly  irradiated 

steel. Further experiments simulating also the stress-stra in-properties of 

high irrad iation are planned for next year.

The experimental investigation of the vessel and it s  in te r io r parts during 

a core disruptive accident was continued by a series of tank explosion 

tests in 1:13 scale at Ispra. An additional series using a 1:6 scale model 

i s  in preparation.

In the f ie ld  of in  p ile  safety tests the MOL 7C program was in itiated.

This programme w ill be carried out in cooperation between GfK and the CEN Mol.

It s  main objective w ill be the investigation of the possible propagation 

of damaged fuel zones in subassemblies. GfK also entered a tr ila te ra l coope

ration with the CEA and the UKAEA for the evaluation of the French Scarabee 

program. The common experimental program CABRI aiming at the study of fresh 

and irradiated fuel rods under severe power excurious is  in  progress. The



test fa c ilit y  CABRI w ill be modified until mid 1976. The experimental program

w ill sta rt at the end of 1976.

R&D work for the incore instrumentation of SNR 300 is  in progress. Signal 

processing w ill be performed by 3 Siemens process computers.

5. Study with respect to large scale introduction of breeders

In cooperation of GfK and Interatom a study is  being completed that describes

the status of breeder development and the implications of a large scale 

introduction of the breeder -  mainly under the viewpoint of conservation 

of resources. This study concerns the situation of the DeBeNeLux countries.

I t  concentrates on LMFBR's with oxide and carbide fuel but also makes some 

conparisons with alternatives such as GCFR's.

From the aspect of conservation of uranium resources the LMFBR with carbide 

fuel is  the best concept, because it  combines high breeding with low f is s i le  

material inventory. The GCFR and the LMFBR with oxide fuel are comparable, 

because the advantage of high breeding of the GCFR and of the lower inventory 

of the LMFBR about cancel each other.

At the moment an exact comparison of the power generating costs can not yet 

be made. R+D work on GCFR is  therefore being continued at a re lative ly  low 

level of expenditure. I t  concentrates on fuel element development and safety. 

Discussions are under way between KWU and GAC on a possible cooperation in 

a prototype GCFR project.

The study also shows the importance of the external fuel cycle which determines 

the ratio of external to internal fuel inventory and the Pu lo sses,i.e . the 

system doubling time. I t  seems that the required cooling time of spent 

fuel elements and the amount of Pu losses in reprocessing and refabrication 

are as important quantities as core inventory and reactor doubling time.

Much more attention therefore should be devoted to the development and 

optimization of the external fuel cycle.
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Le développement du programme français sur les réacteurs 
à neutrons rapides de mars 1974 à mars 1973» L. Vautrey

Le développement de la filière des réacteurs à neutrons 

rapides a été poursuivi au cours des douze mois écoulés selon le 

rythme prévu, et la situation actuelle peut être résumée ainsi :

- Rapsodie, qui est maintenant dans sa huitième année de 

fonctionnement, continue à. être exploité régulièrement et à apporter 

une moisson de résultats fondamentaux pour la filière.

- Phénix, après avoir atteint sa puissance nominale de 250 M W  

il y a un an, a alimenté régulièrement le réseau électrique français 

depuis la mi-juillet 1974.

- Le  projet Super Phénix a été poursuivi activement, et la 

commande pourra être passée dans quelques mois.

- Des études sont dès à présent engagées pour l'avenir 

après Super Phénix.

Les moyens affectés en France aux réacteurs rapides peuvent 

être caractérisés ainsi :

Au  C E A , les effectifs pour la filière rapide, pratiquement 

constants depuis un ou deux ans, sont de l'ordre de 1500 personnes, 

et, si on y ajoute le personnel d 'E D F  et de l'industrie, le total est 

sans doute compris entre 2000 et 2500 personnes.

Le  budget du C E A  pour la recherche et le développement 

des réacteurs rapides en 1975 est de 475 millions de francs, ce qui, 

compte tenu de l'inflation, correspond à une augmentation effective 

de l'ordre de 12% par rapport à 1974. Ce budget représente environ 

63%  du montant total affecté au développement des réacteurs.


