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Results of the estimate of the contribution of (n,p) and (n,ct)

reactions to the capture cross sections of individual and lumped

fission-products are discussed; the progress in evaluating neutron

cross sections of corrosion products is reported and some recent

results of the study on pre-equilibrium models are given.

The last canning failure experiment has been performed, and some

results of the post-irradiation examination of two loss-of-cooling

experiments are elucidated; the progress in constructing and testing

the equipment for the transient overpower experiments is reported.

The proceedings in the thermochemical investigations on different

uranium compounds are described.

Creep strength data of three heats and two types of welded joints of

DIN 1.4948 parent metal in irradiated and reference condition are

intercompared; the effect of the strain rate on the low-cycle fatigue

behaviour of this DIN 1.4948 parent metal is shown; a MONA-rig has

been developed for the investigation of fluence effects on stainless

steel at high temperatures; a preliminary experiment has revealed

the minimum specimen dimensions for fracture toughness testing to

obtain valid test results according to ASTM directives.

Attempts have been made to produce sodium smoke aerosols and to

characterize them by determining their shape factors; a system has

been built to measure accurately the leak flows through capillary

leaks.

Methods have been developed to determine accurately the wall positions

in channels of complicated geometries for the application of LDA; a

brief review is given of all the boiling experiments performed in

bundle I (68,5% blockage) and bundle II (34,5% blockage); the objectives

of a profound analysis of the experimental data of all these boiling

experiments are given.
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GENERAL

This progress report summarizes the fast reactor research carried out

by ECN at Petten during the period covering the second and third

quarters of 1979. The majority of work described forms part of an

integrated fast breeder research and development programme also in

progress at the national nuclear research centres at Karlsruhe and Mol.

This combined effort is based on a memorandum of co-operation in the

fast reactor field signed by the respective governments in 1967 and on

a memorandum of understanding signed by the research centres.

The ECN research is mainly concerned with the cores of the sodium-

cooled breeders (SNR) and related safety aspects. It comprises six

items:

- A programme to determine relevant nuclear data of fission- and

corrosion-products;

- A fuel performance programme comprising in-pile cladding failure

experiments and a study of the consequences of loss-of-cooling and

overpower;
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- Basic research on fuel;

- Investigation of the changes in the mechanical properties of

austenitic stainless steel DIN 1.4948 due to fast neutron doses; this

material has been used in the manufacture of the reactor vessel and

its internal components;

- Study of aerosols which could be formed at the time of a fast reactor

accident and their progressive behaviour on leaking through cracks in

the concrete containments;

- Studies on heat transfer in a sodium-cooled fast reactor core. As

fast breeders operate at high power densities, an accurate knowledge

of the heat transfer phenomena under single-phase and two-phase

conditions is sought.
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I. NUCLEAR DATA FOR REACTORS

(H. Gruppelaar)

The programme Nuclear Data for Fast Reactors consists of two projects:

1. Evaluation of neutron cross sections of fission-products to estimate

the effects of fission-products in the core on the behaviour of a

fast breeder reactor (FPND).

2. Evaluation of neutron activation cross sections of corrosion products

and other nuclides in the primary cooling circuit of a fast breeder

reactor to evaluate the radioactive inventory of the coolant (CPND).

Work supporting these projects and the design studies of future

fusion-reactors is the study of pre-equilibrium models to predict spectra

and angular distributions of particles emitted at neutron energies above

10 MeV.

FPND

Attention was given to estimate the contribution of (n,p) and (n,a)

cross sections to the capture cross sections of both individual and

lumped fission-products. The results, outlined in section 1.1, have
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recently been reported in Ref. |l|. Other activities on fission-products,

initiated in the past period, comprise: a study on the effect of fission-

products in fast reactors with special emphasis to the Na-void effect

and the determination of average resonance parameters of important

fission-products by means of the maximum-likelihood analysis of resolved

resonance parameters. The results of this work will be reported at

the Specialists' Meeting on Neutron Cross Sections of Fission-Product

Nuclei, Bologna, December 1979.

During the past two quarters a report on "Measurements of spectrum

indices and traverses of fission rates in the STEK cores" |2| has been

completed. These spectrum indices have been used previously to adjust

the flux spectra of the STEK cores |3|, in which a large number of

reactivity worths of fission-product isotopes |4| were measured.

Apart from our own use |5,6| of the STEK data, the measured central

reactivity worths have been utilized at Hanford, U.S.A. to adjust

capture cross sections of the fission-product file of ENDF/B-V |7|.

CPND

The progress made in the evaluation of neutron cross sections of

corrosion products is discussed in section 2. A recent review of this

work |8| was presented at a NEANDC meeting at Geel in September 1979.

In section 3.1 some recent results of the study on pre-equilibrium models

are discussed. A detailed intercomparison between experimental and

calculated angular distributions of neutrons emitted at 14.6 MeV was

made. The theoretical angular distributions were calculated according

to recent methods developed at ECN |9,10| and the FOM Institute for

Plasma Physics, Rijnhuizen, the Netherlands |ll|. The intercomparison

with experimental neutron inelastic scattering data was performed in

collaboration with CNEN, Bologna, Italy |l2|. Part of this work will

also be published in more detail in an ECN-report |13|.
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Fission-product nuclear data

(H. Gruppelaar and B.P.J. van den Bos)

A large number of fission-product nuclides is accumulated during burn-

up of fuel in a fast power reactor. An important effect of these fis-

sion-products is the decrease of reactivity caused by in-growing para-

sitic absorption. The sodium-void and Doppler effects in a fast power

reactor are also significantly influenced by the presence of parasitic

absorption of the fission-products.

To calculate the above-mentioned effects, the neutron cross sections

of a large number of fission-products are required. Some recent eva-

luations of fission-product neutron cross sections are: ENDF/B-IV |l4|,

JENDL-1 |15|, CNEN/CEA |l6| and RCN-2 |l7|. Intercomparisons of these

data files show rather large discrepancies for capture cross sections

of some individual fission-product isotopes. However, for the lumped

fission-products ("pseudo" fission-products) there is quite good agree-

ment, in particular between results of the last three data files

mentioned above |l8|. The more serious discrepancies, partly of sys-

tematic nature, occur at neutron energies above about 1 MeV. For this

reason it was thought worthwhile to investigate the contribution of

onp and ana to the capture cross sections.

Inspection of the contents of the above-mentioned data files revealed

that (n,p) and (n,a) cross sections are not given for many nuclides.

In Ref. |l| an estimate is given of the contributions of these and

other charged-particle emission cross sections to the absorption cross

section of a mixture of fission-products in a fast power reactor. For

this purpose, a simple model elaborated by Pearlstein |l9,20| was used

to calculate the shape of the cross sections. The values of the cross

sections were renormalized to recent experimental data at 14.5 MeV

as compiled by Qaim |2l| or to data from recently obtained 14.5 MeV

systematics, given by Kumabe and Fukuda |22|. Without renormalization

of the calculated data much too high cross sections were found j 23 j-

In Figs. 1 and 2 a comparison of 14.5 MeV values obtained from experi-

ment and systematics {221 is given for ana and onp of the most important
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fission-product nuclides. Fig. 3 gives an example of the calculated

shape of the excitation function, renormalized to the recommended ex-

perimental value of Qaim at 14.5 MeV.

From calculations of pseudo fission-product group cross sections for

a 1300 MWe fast power reactor with a burn-up of 41 MWd/kg, it was found

that important corrections to the absorption cross sections are needed

in all data files |l4-I7|, at energies above about 6.5 MeV (see Table

1). However, these energies give marginal contributions to the average

absorption cross section of fission-products in fast power reactors.

The data given in Table 1 were calculated in a similar way as described

in Ref. |26|.

Intercomparison of pseudo fission-product absorption cross sections

calculated from several data files shows quite small differences between

the most recent evaluations, i.e. RCN-2A, CNEN/CEA and JENDL-1. The

ENDF/B-IV results are on the average about 10% lower as is shown in

Table 1 and Fig. 4. At energies above about 1 MeV more serious

discrepancies occur. It was concluded in Ref. |l| that these discrepan-

cies are not due to uncertainties in the evaluations of an and anCt.

Probably, the discrepancies originate from differences in evaluation

models used for a y above about 1 MeV. One important difference between

the various evaluations is the treatment of the target spin-cut-off

parameter o , which value at low neutron energies should agree with the

experimental distribution of the spins of low-lying levels j 28 j _

2. Corrosion Product Nuclear Data

(H.A.J. van der Kamp and H. Gruppelaar)

A number of radioactive corrosion products is accumulated in the pri-

mary sodium cooling circuit of a fast power reactor. These radio-

nuclides may originate from neutron activation of various stainless

steel components. In order to calculate the radioactive inventory of

the coolant cross sections for various activation reactions are re-

quired.

For the most important neutron activation reactions in stainless steel,

i.e. 54Fe(n,p)54Mn (313 d), 59Co(n,Y)6°Co (5.3 y),
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Table ]. Absorption cross sections a' in b/fission of pseudo

fission product of 239Pu at 41 MWd/kg burn-up, cal-

culated from different f.p. cross section libraries.

a)
f.p. libraries

RCN-2
RCN-2A
CNEN/CEA
JENDL-1
ENDF/B-IV
Australian

ABBN

group AE
nr .

1 6 . 5 - 1 0 . 5 MeV
2 4.0 - 6.5
3 2.5 - 4.0
4 1.4 - 2.5
5 0.8 - 1.4
6 0.4 - 0.8
7 0.2 - 0.4
8 0.1 - 0.2
9 46.5-100 keV

10 21.5-46.5
11 10.0-21.5
12 4.65-10.0
13 2.15-4.65
14 1.00-21.5
15 465 -1000 eV
16 215 -465
17 100 -215
18 46.5-100
19 21.5-46.5
20 10.0-21.5
21 4.65-10.0
22 2.15-4.65
23 1.00-2.15
24 0.465-1.00
25 0.215-Q465
26 10-3-0.215

1
37

1
-

116
7

Number of f.]

—
-

62
-

93
7

p. nuclides

_
-
-

59
90

7

—
-
-
-

155
7

Main l i b r a r i e s :

RCN-2Ab'c)

0.0030(6.3
0.013 (14)
0.034
0.058
0.84
0.119
0.180
0.255
0.381
0.586
0.872
1.30
1.93
3.04
4.59
9.58

12.5
18.1
34.5
50.5
99.4
24.3
68.5
98.1
52.9

1013.

CNEN/CEAC)

) 0 .0054(7.9
0.020 (20)
0.042
0.064
0.082
0.117
0.180
0.256
0.382
0.600
0.895
1.31
1.88
2.94
4.47
8.89

12.5
18.5
37.9
52.6

100.
25.4
54.5
94.4
60.5

1035.

JENDL-1c)

) 0.0037(7.1
0.018 (19)
0.047
0.080
0.103
0.131
0.186
0.256
0.384
0.595
0.891
1.31
1.91
2.95
4.44
8.66

12.1
17.9
37.5
50.5
98.4
25.8
56.0
87.6
60.2

1055.

ENDF/B-IVc)

) 0.0058(8.9)
0.017 (18)
0.041
0.068
0.088
0.109
0.158
0.229
0.349
0.545
0.827
1.23
1.75
2.62
3.99
7.57

10.4
16.6
33.0
51.6

104.0
20.4
53.3
87.4
55.6

1040.

Flux weighting spectrum from KFK-INR-1 set |27|, data libraries are
specified in Ref. |l|.

In Ref. |26| a slightly different flux weighting spectrum has been
used.

c)
Data in between brackets are cross sections in mb per fission,
corrected for cJna, a and other charged-particle emission cross
sections.
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Fig. i . Relative differences of pseudo fission-product absorption cross sections, calculated from RCN-2A,

CNEN/CEA and JENDL-l with respect to ENDF/B-1V results; see also Table 1.
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Fig. 5. Odd-even effects in the systematics of the single-particle level density parameter a at

neutron numbers close to N = 28. Most «^-parameters are based upon observed level spacings

analysed by Fröhner |3l|.
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58Ni(n,p)58Co (71 d) +5SmCo (9.1 h) and 60Ni(n,p)6°Co (5.3 y) cross

sections have already been evaluated for reactor dosimetry purposes

|29,30|. However, there are some other activation reactions, such as
50Cr(n,Y)51Cr (27.7 d), 50Cr(n,np)49V (331 d), 54Fe(n,y)55Fe (2.7 d),
58Ni(n,np)57Co (271 d), 62Ni(n,Y)63Ni (100 y) and 64Ni(n,y)65Ni (2.5 h),

which have been studied less extensively. This also holds for the

neutron absorption reaction Co(n,y) Co which is of importance in

the calculation of the removal of the activation product Co by

nuetron capture in the various neutron fields of the cooling system.

The requested accuracies for these cross sections are quite high: 15%

to 20% for the integral data. For this reason an evaluation program

was defined at ECN in order to fulfil some of the requests* for these

and other nuclides (e.g. contaminants and cover-gas nuclides), which

occur in the sodium cooling circuit of a fast breeder reactor. At

present neutron cross sections for Cr and Fe have been obtained.

Results for the Ni-isotopes are in progress.

In Ref. |8| the discussion is restricted to neutron cross section

above 300 keV. Below that energy evaluated cross sections of Fröhner

|31| have been adopted. These data have been extensively discussed at

the conference at Geel in 1977. Our evaluation extends the data files
50 54

of Frohner for Cr and Fe from 300 keV upto 20 MeV by means of

optical and statistical model calculations. The adopted format of the

extended data file is that of KEDAK. The following reactions were

considered:

°nY»
 Gel> °nn" aabs» °np' °na> and> an2n> °nnp+anpn> °nna+anan a n d

CTn2p-

One of the results presented in Ref. |8| concerns the systematic of

level-density parameters. In Fig. 5 the single-particle level density

parameter a has been plotted as a function of the neutron number N.

The a-values for the isotopes of Fe, Cr and Ni were derived from

values of Fröhner |3l| using the composite Gilbert-Cameron formula

with a modified description of the spin cut-off parameter j 281_

* Evaluations requested by Interatom GmbH, Bensberg, Federal Republic

of Germany
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A rather striking observation from Fig. 5 is the fact that there seems

to be a quite strong odd-even effect in the a-values, in spite of the

applied pairing-energy corrections. This has been observed previously

for nuclides with N > 82 |l7| (Vol. 3). This effect was assumed to be

related with the neglect of a deformation energy correction in the

level-density formula. Possibly, similar effects play a role at neutron

numbers above N = 28.

54
In Fig. 6 the radiative capture cross sections of Fe have been plotted,

together with average experimental capture data j 32 j and the JENDL-1

evaluated capture cross section curve |33|. The adopted RCN-2 curve

was obtained by fitting the average radiation width for even Ä-values

to the averaged experimental data. The JENDL-1 and RCN-2 evaluations

differ not very much up to about 4 MeV. At higher energies there may

exist differences in the adopted level-density formalism in the statis-

tical model |28|. It seems that direct and collective effects have

been neglected in the Japanese evaluation. Our model gives a rough

approximation for these effects, which predominate only above about

12 MeV.

3. Pre-equilibrium models

distributions_in ä_unified model of_p_re-equilibrium_and

egui1ibrium_emis s ion

(J.M. Akkermans*, H. Gruppelaar, B.P.J. van den Bos and G. Reffo**)

The title of this chapter is the same as that of a new paper submitted

for publication in a journal |12.|. An alternative mathematical formu-

lation is presented herein for the generalized master equation of the ex-

citon model, which was introduced by Mantzouranis et al. |34| to describe

pre-equilibrium effects in angular distributions of emitted particles

* Present adress: FOM-Institute for Plasma Physics, Rijnhuizen,

Nieuwegein, The Netherlands.

** Cooperation with CNEN, Bologna, Italy.
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Fig. 7. Comparison of experimental and calculated angular distri-

butions of neutrons inelastically scattered at Aluminium
with an incoming energy of 14.6 MeV. The data are averaged
ovev 2-11 MeV and 6-11 MeV energy intervals. The experimental
data are from Hermsdorf et al. ]35 j . In the calculation
two global parameters have been fitted to obtain optimal
agreement with angular distributions for 34 elements.
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Fig 8. Comparison of experimental and calculated angular distri-

butions of neutrons inelastically scattered at Iodine

with an incoming energy of 14.6 MeV. See further the

caption of Fig. 7.
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in m " r reactions. Parts of this formulation have been given previous-

ly i Refs. |9-11|. The exciton model proposed in this new paper in-

clud- internal transitions with An = 2, 0, and -2, and describes both

the p equilibrium and the equilibrium stages of the reaction process.

A sim e, but exact formula is given to calculate mean lifetimes of

exc: .o-.' states and their Legendre coefficients, from which double dif-

ferential cross sections can be calculated quite easily.

These mathematical improvements of the generalized exciton model greatly

facilitate a systematical comparison with experimental data. In this

paper |l2| the neutron inelastic scattering data of 34 elements, measured

by Hermsdorf et al. |35| at 14.6 MeV were used for such intercomparison.

The results, which will be reported in a more detailed form in Ref. |l3|,

show underestimation of the angular distributions at backward angles by

the model. However, good overall fits of all the angular distributions

could be obtained by adjustment of only two global parameters. Some

results for Al and I are given in Figs. 7 and 8. Although these results

may be useful for practical calculations, it is concluded that further

study with regard to the physics of the model is required.

Some local variations in the angular distribution coefficients as a

function of the mass number might be ascribed to level-density effects.

Meaningful improvements were obtained by the variation of final state

parameters, however, still it appeared that the presently adopted for-

mulae and parameters in exciton model calculations are not adequate to

give detailed predictions of the energy and angular distributions.

Therefore it was concluded that a critical re-examination of the level-

density problem is highly desirable.

Another important problem is the unification of the statistical Hauser-

Feshbach model (H.F) and the excitation model. Although our adopted

exciton model includes equilibrium emission, its description of the

de-excitation of the compound state is rather crude compared with the

rigorously applied H.F.-theory, as programmed in the new CNEN code

named PENELOPE |36|. However, a proper definition of "equilibrium"

emission in the framework of the exciton model leads to very similar

emission spectra as is shown in Ref. |l2|. This consistency allows

the introduction of pre-equilibrium effects in the H.F.-model. Alter-

natively the exciton model could be refined by including multi-particle

emissions, angular momentum effects, -y-ray emission and discrete level

excitation.
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II. FUEL PERFORMANCE UNDER OVERLOAD CONDITIONS

The ECN research on this subject comprises three projects. Two of

them concern some failure experiments with single fuel pins in a sodium

environment under simulated reduced cooling and loss of cooling

conditions. The experiments are followed by post-irradiation

examination (PIE) in order to study the behaviour of fuel and canning

at

- stationary high temperatures and internal pressures (SHOT) and

- loss of cooling conditions, i.e. transient temperature increases

(LOC).

The experimental programme of the SHOT-project has almost come to an

end as the last capsule has been irradiated now (see section 1).

Work on the LOC-project is reported in section 2.

The third project (HFR-TOP) concerns experiments on single fuel pins

under mild transient overpower (TOP) conditions in a forced convection

sodium loop in the pool side facility of the HFR. These experiments

are also followed by PIE. The objectives of this project are:

- to study in detail the behaviour of the fuel/clad system during

programmed and relatively moderate overpower transients. Special



Fig. 9. Neutron radiograph and four radial cross sections of fuel pin

R63 - L17.

The locations of the cross sections are given as percentage

of the fuel stack height.
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attention will be given to geometry changes of fuel and cladding.

- to use the experimental results for the development and verification

of computer models currently used in accident codes.

The status of the project is in the phase of the study on the feasibi-

lity of the programme and the progress is described in section 3.

1. Canning failure experiments

(H. Kwast)

During this quarter the last SHOT experiment R54-F45 was performed after

pre-irradiation of the fuel pin up to approximately 30 MWd/kg UO».

The canning of this fuel pin was fabricated out of stainless steel

DIN 1.4981 instead out of the usual DIN 1.4970 material.

The effective pin pressure was 25 bar and the maximum middwall canning

temperature amounted to about 1000 C. The fuel pin failed after 144

minutes, which space of ,time was again much shorter than compared with

the out-of-pile and in-pile experiments without pre-irradiated fuel

pins.

2. Loss-of-cooling experiments

(H. Kwast)

The experiments R63-L17 and L19 have been performed already some time

ago |37|. In this period the post-irradiation examination of these

fuel pins has been completed.

LI7

Fuel pin LI7 was pre-irradiated up to 27 MWd/kg U0?. The fuel consisted

of 20% enriched U0_ pellets. The capsule was equipped with a closed

shroud tube. The total LOC time was 13.3 sec. More irradiation data

together with the considerations on which the choice of this LOC time

was based are given in Ref. |37[ -

The neutron radiograph of capsule LI7 is given in Fig. 9. Failure of

the fuel stack occurred between 35 and 85% of the fuel stack height.

r



Fig. 10. Neutron radiographs (a, b) and a detailed view of the sodium

containment at the failure area (c) of capsule R63 - L19.
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At the lower end of this region some molten U0_ was ejected, indicated

by the arrows in the figure. The canning melted away over a length of

220 mm, between 12 and 100% of the fuel stack height.

Some radial cross sections are also given in Fig. 9. The locations of

these cross sections are indicated in the neutron radiograph and

given as percentage of the fuel stack height.

Cross section A is made at 84%. As can be seen the canning has been

disappeared partly. At this location the fuel stack remained intact

although considerable deformation already did occur. Note the excentri-

city of the central zone of the molten fuel.

The maximum extent of fuel bulging is observed near the midplane, where

cross section B was taken. The fuel was pressed to the inner side of

the shroud tube. This means that the fuel diameter increased to almost

100%. It appears that the fuel parly melted and partly remained un-

restructured.

Cross section C illustrates that at this location the fuel melted more

extensively. The arrows in the neutron radiographs indicate that a

part of this molten fuel has flowed downwards.

Cross section D shows that the fuel stack remained intact, up to approx-

imately a quarter of its height, although, extensive clad melting has

occurred.

In none of the cross sections failure of the shroud tube has been ob-

served.

L19

Experiment R63-L19 was carried out with a fresh fuel pin, which was

surrounded by an open shroud tube. The LOC time was 17,5 sec. More de-

tailed information about the irradiation of this capsule is also given

in Ref. |37|.

The neutron radiographs of capsule LI9 are shown in Fig. 10a en b. The

appearance of the fuel stack is typical for a fresh pin tested at long

LOC times. This holds in particular for the upper end of the fuel stack

which changed into a thin walled cylinder of U0~.

Fuel stack failure occured mainly at the lower end although almost no

bulging did occur. Nevertheless a considerable amount of molten fuel

was sjected into the sodium annulus (as is indicated by the arrows in



Fig. 11. Radial cross section of fuel pin R63 - L 19.

The locations are given as percentage of the fuel stack

height. They are also indicated in Fig. 2.
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the figure). In this region the sodium containment failed at four

locations by meltthrough; three of them can be seen in Fig. 10c.

Owing to the severe distortion of the fuel stack only a few radial cross

sections could be made. Fig. 11 shows three cross sections at about

2, 6 and 45% of the fuel stack height. The locations are also indicated

in the neutron radiographs, Fig. 10a and b.

Cross section A, at 45%, was made at the location where for reasons of

rigidity the open shroud tube was partly closed. It appears that at

this location the fuel stack has been remained still intact. About 70%

of the fuel has been melted.

Cross section B, at 6%, was made at the location of one of the holes in

the sodium containment. Contact between fuel and containment can be

observed clearly.

Cross section C, at 2%, was taken at the lower end of the fuel stack

where the sodium containment also failed by meltthrough, most likely

due to contact with molten fuel. Despite the shroud tube was of the

open type it has been melted partly. A part of the fuel fragments came

from higher positions though molten fuel was also released from cross

section C.

Fuel and stainless steel droplets were found in the lower part of the

capsule, as well inside as outside the sodium containment.

3. Transient overpower experiments

(A.M. Versteegh)

The test on the annular linear induction pump, an important component

of the HFR-TOP irradiation facility (Fig. 12), has been completed.

The pump has operated now in the component test facility (Fig. 13) for

more than 2000 hours without serious difficulties. To improve the

performance at sodium temperatures above 450 C the core material of

the pump has been replaced by one with a higher Curie point.

The heat exchanger and flow meters have been fabricated and will be

tested in the component test facility during the next quarter. When

these tests have been completed these components will be assembled to-

gether with an electrically heated dummy capsule to test the thermal
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Fig. 14. HFR-TOP BF capsule
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and hydraulic behaviour of the HFR-TOP irradiation facility. This will

be the last preparation for the in-pile prototype HFR-TOP experiment.

In the previous quarter a first irradiation of the BF~ capsule (Fig. 14)

proved that BF, gas can be used very well as a thermal neutron shield.

Now a second irradiation of the BF_ capsule has been performed to

measure the power profile within the fuel pellets. Two methods have

been used to measure this profile in pellets enriched respectively 8%,

20% and 50%. In the first method pellets were used in which nine small

holes, diameter 0.3 mm, has been drilled and which were filled with

thin uranium bars. In the second method irradiated pellets were sawn

in twenty one pieces. To determine the power profile the thin uranium

bars as well as the pellet fractions have been weighed and the activity

has been measured. Both methods seem to be successful. The results

will be reported during the next quarter.

The irradiation of the power calibration rig (Fig. 15) was executed.

The results indicate that a fuel pin, 20% enriched U0„, with an outer dia-

meter of 7.6 mm can produce a maximum linear power of about 190 kW.m ,

in the pool side facility of the HFR. So with a pre-irrndiation power

of 42 kW.m it should be possible to realize overpower factors up to

4.5.

Due to several difficulties with the transducers to be tested in the

Instrumentation Test Capsule (Fig. 16) the assembly has not yet been

completed. The irradiation is expected to start at the end of this

year.

To specify the aim and the experimental program in more detail a lite-

rature study on the TOP and LOF driven TOP accident scenarios with the

main uncertainties has been performed and reported.

A paper describing the HFR-TOP project has been presented at the Fast

Reactor Safety Technology Meeting, Seattle, USA |38| _ The objectives

and a technical description of the facility has been given in a lecture

at the International Colloquium on Irradiation Tests for Reactor Safety

Programmes in June at Petten |39|.



Fig. 15. HFR-TOP power calibration rig



Fig. 16. HFR-TOP instrumentation test capsule
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III. ADVANCED FUELS

The ECN-research on advanced fuels is directed to two main features of the

fuel cycle, i.e.:

- the investigation of the chemical stability and compatibility of

advanced fuels for their possible use in fast breeder reactors. In

this respect work on the investigation of the chemical stability of

uranium carbonitrides has been completed now as is reported in section

4.

- the investigation of the chemical stability of fuels with respect to

their behaviour to fission-products produced in fast reactor fuel

pins. The research on this subject comprises two projects:

1. Thermochemical investigations related to nuclear fuels. Work in

the scope of this project is mainly concerned to the investigation

of the X-U-0 system (where X is mainly Na and Cs) to determine the

circumstances of formation of these compounds during fast reactor

operation. The fission-product cesium for instance may play an

important role in the swelling of the uraniumoxide fuel at high

burn-up and possible consequent pin failure. The progress of

this work is reported in section 2.
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2. Thennochemical investigations on intermetallic uranium compounds

of the type UMe * The noble metals Ru, Rh and Pd produced

during fission may form intermetallic compounds with uranium or

plutonium present in the nuclear fuel. These compounds possess

and exceptionally high thermodynamic stability and may cause a

substantial loss of uranium during reprocessing. The

thermodynamical properties of these UMe., compounds may give a

good insight in the behaviour of uranium with respect to these

fission-products. The work performed in this period is reported

in section 1.

Other work essential to these projects mentioned above is reported in

section 3.

1. Thermochemical investigations on intermetallic uranium compounds of

the type U>le_

(E.H.P. Cordfunke, G. Wijbenga)

K1. Calorimetricmeasuremer>ts

Fluorine combustion calorimetry measurements on UPd_, UF_ and UF,

samples have been carried out at the Argonne National Laboratory, USA.

In the course of these experiments it became apparent that small

amounts of impurities in UF„ and UF, (mainly oxygen) have a large in-

fluence on the final results. For this reason new samples had to be pre-

pared starting from uranium with a very low oxygen content (< 50 ppm), ob-

tained from the National Bureau of Standards, New Brunswick, USA.

2. Thermochemical investigations related to nuclear fuel

(E.H.P. Cordfunke)

Me = Ru, Rh and Pd.
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2.K Calorimetric measurements

In this period the heats of formation of CsJJ.O _, Na^U-O-, Li.UO, and

K„UO„ have been determined by measuring their heats of solution in

1,5 M H-SO,. Solution calorimetry on UF_ is still in progress.

High temperature enthalpy increments of UF„, Na„U_07, and NaUCL have

been obtained also; the measurements on Cs„U,O._ have not been finished

yet.

2.ifL_Structural_work

The X-ray powder diffraction pattern of the compound Cs„UO, has been

indexed.

3. Preparation of compounds

(E.H.P. Cordfunke)

Again considerable time and effort had to be spent in the preparation

of compounds.

Nearly stoichiometric U0_ has been synthesized for the preparation of

MUO- compounds (M = Na, K and Rb). In behalf of the fluorine combustion

work at the Argonne National Laboratory about 30 g of UPd~ has been

prepared and likewise 8 g of UF„ and 13 g of UF,, all with a very low

oxygen content, starting from very pure uranium metal obtained from

the National Bureau of Standards, USA (see section 1.1.).

In order to clearify a long-existing discrepancy between our calorimet-

ric results on various uranates and those of Dr. P.A.G. O'Hare of the

Argonne National Laboratory 5 g of UO„C1„ has been prepared and sent to

him. In addition 30 g of N a ^ C ^ and 10 g of CaU-C^ were sent to ANL

for measuring the low-temperature heat capacities.

4. Uranium carbonitrides

(E.H.P. Cordfunke, G. Prins)

A final paper on the mass spectrometric measurements on uranium mono-

tride and uranium carbonitrides has been completed|40|.

r
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IV. SNR CONSTRUCTION MATERIALS

The ECN research on construction materials is concerned with the

safety analysis of the SNR-300 reactor vessel and its internal components.

For that purpose the research aims to investigate the changes in

mechanical properties of austenitic stainless steel DIN 1.4948 due to

fast neutron doses.

In earlier experiments serious radiation damage has been observed in

the plate and welds of a reference heat (heat No. 231861) of this

material. As a consequence of these results it has been found

necessary to have more data available about the irradiation effect.

In order to achieve these data five projects have been mapped out,

viz.:

- the first one comprises the investigation of the creep properties

on various heats and actually those used in the construction of the

vessel and the internal components. Therefore creep tests are

performed on the specific heats from a number of carefully chosen

positions in the reactor vessel and the internal components. Some

results have come available during this quarter and are discussed

in section 1.

r
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th e second project concerns the low-cycle fatigue behaviour of the

reference heat (heat No. 231861) mentioned above. With respect

to the earlier performed experiments the fatigue testing programme has

been extended in the irradiation temperature range, the strain rates

and the strain range. Some work performed in this period is

reported in section 2.

the third project includes the investigation of the helium embrittle-

ment of heat No. 231861 due to the thermal neutron doses. Although

considerable embrittlement was observed before, more information is

needed especially on the embrittlement under operational conditions

of the SNR-300. So special attention will be given to the variations

of the helium content and helium distribution in the microstructure

of the construction steel as they will occur during the operation.

The additional data of the embrittlement will come available from

creep and tensile tests. In the scope of this project the samples

for the investigation of weld-structures will be conditioned by means

of a weld simulator according to the specifications of the welding

procedure used in constructing the vessel. Some progress concerning

an irradiation facility essential to this project is reported in

section 3.

the fourth project concerns the investigation on lifetime simulation

and fracture mechanics performed on the same heat No. 231861, to

achieve more up-to-date information as was provided by the research

performed before. At that time an approximation was made to deter-

mine the real creep and fatigue damage by applying the linear damage

rule with unsatisfying results. The work of this project comprises

three items, viz.:

+ An extension of the LCF-research to programmed loadings.

+ Fatigue crack propagation to be measured under normalised and

programmed loadings.

+ Fracture-toughness testing to be performed after crack initiation

by fatigue.

Some work performed in this period is reported in section 4.

the fifth project has the objective to develop reliable calculation

methods for stress analyses based on finite element techniques taking

developing cracks and flows into account. As the components of the

SNR, merely thin walled, are loaded in the elasto-plastic region
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three dimensional elasto-plastic fracture mechanics concepts should

be used. Crack-growth parameters have to be evaluated by which the

crack and its surrounding stress- and strain-field are characterised.

Furthermore experiments should be designed and executed to verify

the developed calculation methods. For that purpose a strong

relationship exists between this and the fourth mentioned project.

During this quarter no relevant data came available, so no contribution

of this project is inserted in this report.

1. Heat-to-heat variation of the creep properties of DIN 1.4948 base

metal

(B. van der Schaaf)

In Fig. 17 the trend lines of the stress-rupture/time-temperature

relations are shown for 3 heats of parent metal, A, B and C respectively,

in irradiated and reference condition at 823 K. The creep rupture

stress is plotted against the Larson-Miller parameter P, which is widely

used to present data of creep experiments performed at different

temperatures.

P = T (log t + 20)

where:

T = absolute temperature (K)

t = time to rupture (h)

Two important features can be observed:

- the difference in creep stress of the weakest heat (C) and the

strongest heat (A) between irradiated and unirradiated material is

fairly constant for the interval investigated and it amounts in both

cases to about 70 MPa, or in terms of time a factor 20.

- the strongest heat in irradiated condition (A) shows a higher creep

stress than the weakest heat in reference condition (C).

These features lead to the statement that the time to rupture of the

strongest heat in reference condition is about two orders of magnitude

longer than the time to rupture of the weakest heat in irradiated

condition for the interval investigated.
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The features and the statement above should be considered as preliminary.

But seeing that they are based on about two-third of the data to be

collected in the complete programme, it is expected that there will not

occur dramatic changes herein after the tests have been completed.

The tests still under way have mainly a confirmative character in order

to improve the confidence levels.

From Fig. 18 it can be seen that the trend lines for weld D in irra-

diated and unirradiated condition almost coincide. So weld D does not

show a significant effect of irradiation on the creep stress.

Fig. 19. shows that irradiation causes only a slight reduction of about

10-15 MPa in the creep stress of weld E. Moreover the trend lines of

weld D and E are very near to each other and thus the creep stress of

these two welds differ only little over the interval investigated.

These conclusions are preliminary too as the project is at the stage now

that the data sets are still enlarged, but it is not expected that the

essence of these conclusions will be affected by the completed results.

2. Effect of the strain rate on the low-cycle fatigue behaviour of

DIN 1.4948 base metal

(H.U. Staal)

Low-cycle fatigue experiments have been performed on samples in
24 -2

reference condition and samples irradiated to a fluence of 5 . 10 n.m.

(E > 0,1 MeV)• The experiments have been carried out at 823 K at a
-3 -1

strain range Aet = 1.0% and at strain rates (E) varying from 3.10 s

to about 3.10~5s~1.
-3 -1

The results of the first tests are given in Fig. 20. At e = 3.10 s

data from the earlier performed LCF-programme are used |4l|.

Lowering the strain rate to 3.10 s N -values of 1000 and 350 for

reference and irradiated material respectively were obtained. This

remarkable difference is caused by the helium induced embrittlement

also known from the low strain rate tensile tests and creep tests. So

far only one irradiated specimen has been tested at a strain rate of

6.10 giving an N -value of 100.
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A first conclusion is that in considering the fatigue properties of

irradiated material the strain rate plays a very important role.

3. High temperature irradiations to very low fluences with the MONA-rig

(B. van der Schaaf)

The prototype irradiation rig MONA-3 was thoroughly tested in order to

verify calculated temperature distributions with experimental results

and in order to check operating the rig. Therefore calibrations have

been carried out under static and dynamic conditions. On the basis

of the resulting data several irradiations have been performed with

this prototype representative for future irradiations.

The design has been proven to be sound. The calculated temperature

distribution has been compared with the measurements and only minor

adjustments had to be made. These adjustments did show to be valuable

also for the evaluation of the NAST-rigs for creep specimens.

The operating instructions have been slightly revised and optimized.

Several handling tools have been redesigned to make a more reliable

and faster operation possible. It is expected that irradiations as

short as 1 ks can be carried out at high temperature. Constant

temperatures in the range of 600 K to 900 K can be obtained by a proper

choise of the axial position of the in-pile rig. Accordingly the

MONA-rig may be a very useful device for the investigation of fluence

effects on stainless steel at high temperatures as planned in this

project.

4. Fracture Thoughness Testing

(M.I. de Vries)

12 CT specimens have been irradiated in a simple specimen holder

(CAlO-capsule) in direct contact with the reactor primary coolant.

This experiment has been performed to get an indication of high tempe-

rature JT -values of irradiated DIN 1.4948 base metal from which

Ic

minimum specimen dimensions could be determined to fulfil the require-

ments for valid test results according to ASTM directives.
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The specimens with a thickness of 12 mm and 24 mm have "been fabricated

out of 40 ram thick plates of DIN J.4948 material (heat No. IA 325).

The tests were performed at 823 K and 923 K. The specimens have been

fatigue precracked at roomtemperature. Prior to the high temperature

test the irradiated specimens are heat treated for 24 hours at 923 K to

anneal the displacement damage introduced during the low temperature

irradiation.

The first results indicate minimum dimensions of about 25 mm thickness

for unirradiated and about 10 mm thickness for irradiated specimens

respectively in order to obtain valid and reliable data. Consequently

the next irradiation experiment at high temperature will be performed

with 12 mm thick specimens, through which the irradiation of 20

specimens in one rig is possible. The temperature differences in the

central solid part of the specimens will be limited then to a maximum

of 20 K, which is quite satisfying.
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V. AEROSOL RESEARCH

(J.F. v.d. Vate)

This ECN research, pertaining to the safety of an LMFBR, aims to ensure

a safe assessment of the source term of aerosol release from containment

buildings. In the scope of this project experimental work is being

performed to study the aerosols which could be formed after a Hypothe-

tical Core Disruptive Accident (HCDA) and their progressive behaviour

on leaking through cracks and ducts in the concrete containment.

One of the important aspects to be studied is the behaviour of aerosols

in containment atmospheres, which behaviour can be defined by their

dynamic shape factors. During these quarters the investigations on these

dynamic shape factors has been continued. Attempts have been made to

apply the techniques, which have been used succesfully for aerosols of

U-0 and Cu-oxide |42,43|, also to sodium smoke particles. The results

are discussed in section 1.1.

Apparatus for semi-automatic particle size analysis became available,

and is described in section 1.2.

A leak flow measuring system has been built which enables simultaneously
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the control of the pressure applied to a leak test specimen and t"he

measurement of the flow rate through this test specimen, see section 2.

1. Characterization of aerosols

li2i_Ex2eriments_on_sodium_smoke_aerosols

Sodium smoke has been produced inside an aerosol vessel with a volume
3 .

of 1.2 m m a humidity controlled air atmosphere with normal CO. con-

tent. For this purpose Na-pieces of about 1 g were burnt by heating

them in a small electrically heated stainless steel disc. It appeared

that only about 0.1 g Na was converted usually and very irreproducibly

ir.to aerosol.

The concentrations of the aerosol mass have been measured by means of

filtration and chemical analysis. The measurement of the number con-

centration by means of electrostatic sampling and electron microscopy

appeared to be impossible due to the bad quality of the available carbon

film used for the collection of particles on the electron microscope

grids. Therefore it became necessary to use the non-specific method of

condensation nuclei counting. The same problem with the carbon film

prevented the use of the spiral centrifuge. However, since has been

shown |42,43| that the aerodynamic diameters from centrifuge measurements

match very well tile aerodynamic diameters obtained from mass concentration

decay curves the results from those, yielding aerodynamic diameter values

of about 1 pm, have b?en used to determine the dynamic shape factors

of the sodium smoke aerosols. After several runs all leading to dynamic

shape factors of very low value (sometimes even smaller than unity

which is theoretically impossible) it became evident that large amounts

of particles had been produced by the heating disc itself. Therefore

it has been decided to use also the Exploding Wire technique in further

experiments to produce sodium smoke aerosols. This technique has the

advantage to produce aerosols with a high reproducibility of formation

and no additional particle generation, but the amounts of material to

be converted in aerosol are restricted to about 50 mg per explosion.
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During these quarters a semi-automatic particle size analyzer for the

fast determination of particle sizes and . subsequent analysis of the

data became available. It consists of a digitizer with a built-in

microprocessor for digitizing the particle dimensions.

The signals are fed into a microcomputer system (LSI-11) which computes

the geometric median diameter and the geometric standard deviation of

a population of particles assuming a log-normal diameter distribution.

The correlation of the diameter data to this type of distributions

is also part of the output.

The rig consists of the following components: a datatablet/digitizer

with firmwave package for various functions like calculation of area,

line length, etc.,; an interface; a microcomputer with a video display

terminal and a teleprinter.

The LSI-11 microcomputer has also been programmed to calculate the

size distributions from signals of ECN optical particle counters and

an electrical aerosol analyzer.

2. Leakage experiments.

2ij_^_Leak_flow rate system

Some need has been felt to have a system which enables simultaneously

the control of the pressure as well as the measurement of the flow

rate upstream of a leak test specimen. One of the arguments is that

measuring the flow rate at the exit of a leak is undesirable because

it restricts the leak flow and consequently it will affect the aerosol

deposition process in the leak path. The best experimental set-up is

to have the leak test specimen connected to an aerosol containing

plenum of which the pressure is controlled and where the flow rate of

the gas supply to maintain this pressure is measured. Such a system

is available now. It has been tested by means of the capillary leaks

of which the flow rate/pressure characteristics have been obtained

earlier [A4[.

The flow rate is measured by means of two hot-wire anemometers covering

3—1 3—1
the ranges of 0-10 cm min and 0-5000 cm min while the pressure is
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maintained by means of a special pressure regulator. The pressure Is

measured by means of an electronic manometer relative to the laboratory

pressure.

One of the drawbacks of this system is that the minimum measurable flow

rate is strongly dependent of the volume of the aerosol plenum, larger

volumes will result in higher minimum flow rate levels. The aerosol

volumes, however, should not be too small but preferably larger than

about 50 litres for various obvious reasons (e.g. the aerosol decay

is strongly dependent of the relation between the deposition area, the

walls and the floor, and the plenum volume).
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VI. HEAT TRANSFER AND HYDRAULICS

For the design of a safe and economical fast breeder reactor it is

necessary to have at one's disposal an accurate knowledge of the heat

transfer and hydraulic phenomena in fuel rod bundles. The ECN research

devoted to obtain this knowledge is subdivided into two main items:

Code-Development and Boiling Experiments.

The Code-Development comprises two projects:

- a project concerning the actual development of a thermohydraulic

computer code (VITESSE), based on a local approach, to determine

3-dimensional temperature and flow profiles of incompressible fluids

in fuel rod bundles under turbulent flow conditions. The computer

code based on the finite element technique predicts temperature and

flow patterns in ungridded i.e. bare bundles (fully developed flow)

and in gridded bundles (developing flow). The developed models are

validated and verified by experiments at ECN and KfK.

In this period the VITESSE computer code has been adapted in such a

way that the walls in the flow region (a.o. cladding) can be taken
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into account. Furthermore a begin has been made with the development

of the soft-ware for the calculations in developing turbulent

flow-fields. However, in spite of this progress too little informa-

tion became available to devote a section to this matter.

- The hydraulic part of the VITESSE code-versions will be verified

with experimental results of another ECN project concerning the

measurement of hydraulic transport phenomena in simulated fuel rod bundles.

In order to achieve the needed hydraulic transport data and to

ameliorate the current knowledge in this field hydraulic experiments

are being performed in well defined geometries using the high reso-

lution Laser Doppler Anemometry. The measurements will be carried

out in different test-sections simulating fuel subassemblies and

representing fully developed and developing turbulent flow situations.

In the quarters under report the four rod bundle test-section has

been repaired and the construction improved. Furthermore methods

have been developed to measure accurately the wall positions in

channels of complicated geometries. The results are discussed in

section 1.1.

The ECN work on Boiling Experiments concerns the common project of ECN

and KfK on Local Boiling Experiments. The aim of this project is to

gain information on the consequences of postulated flow blockages in a

fuel element of the SNR-300 Mark 1A core. The appearance of flow

blockages of sufficient size causes flow reduction and thus reduced

cooling of the fuel pins and may lead to local boiling dependent of the

circumstances. This may result in dry-out of the cladding and possible

subsequent fuel pin damage and damage propagation in a fuel subassembly.

Therefore it is considered necessary to be able to detect flow

blockages and local boiling in an early stage during reactor operation.

The experiments are carried out in two testbundles, each simulating a

sixth part of a fuel element having a flat, central and non-heat

generating flow blockage of resp. 68,5 and 34,5%. The results of the

local boiling experiments at various different circumstances are

compared with and used in model-calculations.

The experimental phase of this project has been terminated now. In

this period attention has been given in the first instance to the docu-

mentation of the experimental data on magnetic tapes and a first

analysis of the last series of boiling tests. A brief review of all
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t"he boiling runs is given in section 2.1.

The analysis of the experiments has been commenced. The objectives of

this analysis are outlined in section 2.2.

1. Code Development

(V. Vonka, J. Hoornstra)

The application of Laser Doppler Anemometry in channels of complicated

geometry desires an accurate knowledge of the measuring locations -it

is the position of the measuring volume (the cross section of two or

three laser beams)- in respect to the (rod) wall(s).

This is of particular importance when experimental data and results of

local approach computer codes should be compared. Up to now optical

methods have been used to determine the wall positions, by displacing

the laser beam(s) relative to the wall and looking at the measuring

volume untill the wall is detected. This optical method is not

sufficiently accurate for the measurments with high spatial resolution

and is even subjective.

To support the measurements a study has been made concerning this problem.

A method has been searched for which could give an objective evidence of

the wall location using LDA measurements performed along a shorn traverse

perpendicular to and in the vicinity of the wall. To evaluate the

measurements of these short traverses immediately after the measurements

have been performed the computer code WALLY has been written for the

mini-computer, which is used in our experimental set-up. Examining the

calculated results criteria should be found to determine the wall

location with sufficient accuracy. The effective wall position -i.e.

the wall position relative to the measured velocity profiles- is defined

here as the place where the one half of the measuring volume is still

in the flow region while the second half is already in the wall.

The criteria for the correct wall indication can possibly be found in

four ways:
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1. If the measuring volume of finite dimensions approaches the wall the

measured time average velocity (DC) decreases to a certain minimum

value. Then suddenly, if more than roughly a half of the measuring

volume is already in the wall the measured DC begins to rise again

probably due to an existence of a so called virtual measuring volume

which is due to a weak reflection on the wall boundaries. So, the

position where DC is the minimum can serve as a base to identify the

wall location.

2. The particles passing through the centre of the measuring volume

give more signal than those passing further away due to the Gaussian

distribution of light intensity in this volume. Therefore it seems

to be worthwhile to look where the gradient of the signal intensity

reaches its maximum and to use this phenomenon as an indication of

the wall position.

To quantify the signal intensity, both the signal presence (D) -i.e.

the time during which the Doppler signal is available divided by the

total time of observation- and the data rate (DR) -i.e. number of

data points yielded in one second by demodulating the Doppler

signal- are used.

Since the data rate is related to the number of particles passing

through the measuring volume the larger the velocity the larger the

data rate if the whole measuring volume is in the flow region and

if a constant particle concentration is assumed. The unwanted velo-

city effect is removed by normalizing the data rate by the measured

velocity, i.e. DR/DC is used instead of DR alone.

3. If the whole measuring volume is located in the wall the signal in-

tensity reaches effectively zero independent of the depth of the

measuring volume in the wall. If the place could be found where the

signal intensity just reaches this small saturated value, then the

wall position could be defined as being a half measuring volume

dimension outside this place. The weak point of this solution is

the poor knowledge of the effective measuring volume dimensions•

In this study nominal measuring volume dimensions -being dimensions
2 .

between 1/e points on the Gauss intensity distribution curve- have

been used.

A. The velocity data taken at the wall vicinity in such a way that the measur-

ing volumes do not touch the wall can be fitted following the least-
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squares method with the well-known boundary layer profile U (y ) ,

yielding the wall position as well as the wall shear stress value.

This is a straight-forward method but the most laborious one.

To examine all these possible wall criteria measurements have been exe-

cuted between two parallel plates in a water flow. The parallel plates

have been fixed and placed on distances of 9.65 mm and 18.68 mm

respectively measured with a micrometer. The measuring volume has

been oriented with its length b (0.64 mm in water) perpendicular to

both walls. The measurements have been taken displacing the measuring

volume with regular steps of 0.04 mm in air (which corresponds to some

0.053 mm in water). The wall position has also been determined optic-

ally observing the displacement of the measuring volume relative to

the wall with the eye using magnifying-glasses. The average value of

the observations taken by three persons has been used in the comparison

with the other methods in Table 2.

The results of the individual wall positions determined by the different

techniques have been mutually compared and recalculated to the channel

width figures which in turn have been compared with the theoretical

width. The results are presented in Table 2 and visualized by means

of the attached diagram.

From this comparison it is apparent that the methods 2 and 3 are not

useful, probably due to the fact the the intersection of the measuring

volume by the rigid wall influences the signal from the LDA instrument

in a more complicated manner than has been presumed here.

The method 4 provides a very good prediction of the wall position, in

spite of the fact that the data bave been taken in relatively short

channels where the boundary layer cannot have been fully developed.

However, a necessary condition to apply this method correctly is the

rough knowledge of the wall position beforehand in order to exclude

data points from measurements where the measuring volume already

touches the wall and so to avoid the influence of the well-know

velocity bias effect.

Method 1 turns out to give reasonable predictions as well provided that

the data points are taken at sufficiently short distances between the

individual points.
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The both methods 1 and 4 give accuracies in the order of Q.I mm which

is comparable to the uncertainties involved in the optical method of

the wall detection used here. The conclusion is that this optical

method can be quite useful especially in application to simple channel

geometries where the observation of the measuring volume using a

magnifying-glass is possible.

2. ECN/KFK Local Boiling Experiments.

(J.R.C. Maarleveld, J.E. de Vries)

2^1._Boiling experiments

The magnetic tapes have been coded and specified in order to get access

to the experimental signals for data handling and analysis. Special

features about the transducers and the digital data collection system

have been reported. An original and a copied set of the experimental

tapes with the final documentation has become available in the mean

time.

Beside these activities, the thermohydraulic conditions of the last

series of test runs have been calculated from the recorded data. The

experimental conditions of all the two-phase tests performed in both

test bundles have been listed, reported and distributed.

A review of the boiling runs is given in Fig. 21 and 22. Herein the

main coolant flow rate and coolant pressure or saturation temperature

are given during boiling initiation and boiling progression. It is

shown for instance how the experimental parameter field is limited at

lower pressures by the cavitation characteristics of the EM-pump in

the ECN 500 kW sodium loop. The ranges of the parameters: flow rate,

heat flux and coolant pressure (or saturation temperature) pertaining

to the boiling tests with both test bundles are compared with data from

a subassembly in the central region of the SNR-300 mark 1A core (full

load) in the following Table:



v0 u n . s ; >.
Fig. 21. Main coolant flow and pressure (or saturation temperature)

during boiling experiments in test bundle I.
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Po (bar) 'sat CO

• Start boiling .
(•) Fictive start of boiling

Boiling not in wake pattern
® Dry-out

Fig. 22. Main coolant flow and pressure (or saturation temperature)

during boiling experiments in test bundle II.
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Table 3

Experiments

^ \

^ \
Parameters N .

coolant flow rate (m.s )

pin heat flux (W.cm~2)

coolant

coolant

pressure (bar)

saturation temp. ( C)

local boiling exp.

test
bundle
(68.5%

I

bockage)

1.0 -

100 -

0.35 -

780 -

2.5

180

2.00

960

test
bundle
(34.5%

in

II

blockage)

0.5 -

50 -

0.26 -

750 -

4.1

184

1.80

950

data from a
assembly in

sub-
the

central region of
the
core

4.

180

4.
1.

1070
950

SNR-300

2

2 (s.a.
8 (s.a.

(s,a.
(s.a.

MK 1A

1

inl.)
outl.)
inl.)
outl.)

2̂ 2._Analy_sis of the exgeriinental^resuits

The analysis of the experiments is in progress and is directed to:

- the relation between the observed boiling modes and the thermohydraulic

conditions and blockage size

- dryout of the pins during boiling; attempts will be made to ob-

tain a relation between the dryout conditions and the two-phase state

of the wake

- boiling propagation and bulk flow stability.

To support the analysis of the boiling frequencies during oscillatory

boiling in the test bundles comparative computer calculations are being

performed using a modified "Gast-model" for the local boiling. This

model is inserted in the code BLOW 2A which has been modified according

to the most up-to-date level of the operating system and the actual

plotting routines from the ECN CYBER 175 computer.
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