
ETEC Faci l i t ies

The SPTF is a large non-nuclear sodium loop for testing sodium pumps, flow-
meters, and other large heat transport system components. I t can provide
thorough flow mapping of pumps and can impose severe thermal transients on
test components. The f a c i l i t y is being expanded to increase i t s capacity to
100,000 gallons per minute (gpm), in preparation for testing large sodium
pumps and components. Instal lat ion of the prototype CRBRP primary pump for
testing w i l l begin in late-198.1.

The SCTI is a high heat throughput sodium-cooled heat exchanger test f a c i l i t y .
Previous tests with the 35 MW(t) capabil i ty included model steam generators
and the FFTF dump heat exchanger. Expansion from 35 MW(t) to 70 MW(t) capacity
was completed in mid-1980. The f a c i l i t y has been used for testing the 400 gpm
CRBRP electromagnetic pump, a CRBRP check valve, and a large variable pressure
reduction device. Delivery of the CRBRP prototype steam generator for insta l la-
t ion and test 1s expected in 1982. Future plans for this f a c i l i t y include
tests of single-wal l , helical c o i l , and double-wall, straight tube 70 MW
steam generators.

The SCTL is a 10-inch sodium loop with a 3500-gpm main pump and a 9500-gallon
expansion tank that can be used for immersion testing up to 1200T (650 C).
A subscale inducer pump has been successfully tested in this loop, as has the
CRBRP in-vessel transfer machine. Transient tests with CRBRP 4-inch valves
were recently completed, and a CRBRP 3-1nch valve is being instal led for
test ing. The SCTL i s being modified to a double-pump loop, for concurrent
pump and component test ing.

The LLTR 1s a sodium-water reaction test f a c i l i t y comprised of a scaled-down
LMFBR secondary sodium heat transfer system, steam generator, and vent re l ie f
system. Capability is provided for water/steam Injection into the sodium side
of a prototypical steam generator from an intent ional ly faulted water/steam
tube. Tests of two prototypic CRBRP steam generator geometries are now in
progress, the f i r s t , a hockey stick configuration with a 16 Inch diameter,
and the second, a straight tube steam generator with CRBRP steam generator
prototypic diameter (5 feet ) .

The TTF is used to simulate the effect of process f l u i d transient temperature
conditions on plant components by directing high velocity Inert gas through
thermally preconditioned components. Testing of a CRBRP t r imeta i l i c
transit ion j o i n t and creep ratchetting tests on an 8-inch pipe are underway.
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Matiere de Reacteurs
WKrenlingen, Switzerland

1. Nuclear Energy and Future Strategy in Switzerland

By applying for membership in the "International Working Group

on Fast Reactors" Switzerland has expressed its interest in

the fast breeder reactor and in the LMFBR in particular. For

explaining this interest it seems to be appropriate to begin

with a brief review of the Swiss nuclear energy scene.

In Switzerland the use of nuclear power for electricity

production began in 1969 (Beznau I) as a result of a decision

taken by the Swiss electricity companies in the early 1960s

to use predominantly nuclear energy to supplement the hydro-

electric power. The decision was based on technical, environ-

mental and economic evaluations, and considering the lack

of fossile fuel resources in the country. The early introduction

of LWRs by the electricity companies contributed to the aban-

donment of an HWR development project of the Swiss industry,

in which the Federal Institute for Reactor Research (EIR)

was participating. By 1980 the contributions of hydroelectric,

nuclear and conventional thermal power to the total electricity <

production amounted to 69.6 %, 28.4 % and 2.0 % respectively,

the nuclear power being generated by 3 PWRs and a BWR with a

total installed capacity of 2 GWe.

O
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Future energy planning in Switzerland is based on scenarios

prepared by two commissions nominated by the Federal Council



in 1974 and 1979 /I,2/ and the latest projections of the Swiss

electricity companies /3/. The various scenarios include

different amounts of energy conservation and substitution

of oil by electricity. However, since in Switzerland as much

as 75 % of the end energy supply stems from oil, energy con-

servation and substitution of oil are strongly correlated.

As a result, in the year 2000 most scenarios predict an

installed nuclear capacity between 6 and 7 GWe. It can

therefore be concluded that regardless of growth rates and

amount of energy conservation nuclear energy will play an

important role in the future energy economy of the country.

Why then an interest in the fast breeder? From the viewpoint

of national energy planning the aim is primarily to achieve

a higher degree of energy self-sufficiency. In 1975 the self-

sufficiency of the country at the level of end energy was

only 15 % (essentially hydroelectric power) with a tendency to

further decline. Between 1975 and 2000 the contribution of

nuclear power to the total end energy supply will increase

from 3 % to about 15- %, i.e. much more rapidly than any alterna-

tive energy sources in this time period can. It would there-

fore be highly desirable to attain an appropriate degree of

self-sufficiency in the nuclear energy supply. Unfortunately,

Switzerland disposes only of minor uranium resources in high

price categories. In the long run the country must therefore

consider the fast breeder.

Another aspect is the optimization of the fuel cycle. In the

nuclear community of Switzerland there is a consensus that

the fuel cycle should eventually be closed. The break-through

of the relatively fuel-inefficient LWR as a first generation

power system calls for a complementary second generation

system which makes an efficient use of the plutonium. The

breeder is, of course, only one solution to this problem. It

may, however, be mentioned that the Swiss LWRs produce enough

Plutonium to start up an LMFBR before the turn of the century.

It is clear that all aspects of the fuel cycle have to be

judged carefully in perspective to the fuel cycle policy

adopted in the leading European nations.

Further considerations can, perhaps, best be summarized by

referring to a systematics of energy strategies recently

proposed by Starr /4/, using industrialization and capital

availability as parameters: Switzerland belongs to the group

of highly industrialized countries with high capital availa-

bility. As a country in this group it "is responsible for

technical leadership, has capital and infrastructure to

utilize high technology sources and is obliged to minimize

resource competition with underdeveloped countries". Therefore

Switzerland should also contribute to the development of the

fast breeder.

In the past Switzerland has made substantial contributions

to the development of the GCFR. As interest in the GCFR as

an alternative breeder concept and a backup has decreased

(thereby postponing its commercialization well into the next

century) Switzerland is presently shifting emphasis in its

fast breeder activities from the GCFR to the LMFBR. An ongoing

programme for developing advanced carbide fuels is not affected

by this reorientation. It is, however, realized that useful

contributions in the LMFBR field can only be made, if Switzer-

land is accepted to be a partner by other countries developing

this reactor concept.

It must be emphasized that in Switzerland no decisions on

the future reactor strategy have yet been taken. There is,

however, consensus that the breeder option must be kept open.
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Taking into account the prolonged licensing procedures (of

at least 13 years for an LWR) this means, for instance, that

preliminary siting and licensing considerations have to start

within the next few years, if the option is to be kept open

for the year 2000. To advise authorities on imminent questions

concerning reactor strategy, fuel cycle, safety and licensing

aspects Switzerland needs a small team of knowledgeable

LMFBR specialists.

2. Review of Fast Breeder Research and Development in

Switzerland

Research and development for the fast breeder in Switzerland

dates back to 1966/67. At that time in international dis-

cussions the LMFBR and the GCFR emerged as the two promising

fast reactor concepts. In several countries (but not in

Switzerland) the sodium technology was already quite ad-

vanced. Switzerland opted for the GCFR because of its

previous experience with gas-cooled reactors (C02~cooled HWR)

and because of the lead of the Swiss industry in the helium

technology (turbines", circulators etc.).

The fast breeder activities were concentrated at EIR. Under

contract to EIR Sulzer Brothers at Winterthur later performed

steam generator studies for the GCFR. Independently of EIR,

in 1966 the "Institut fur Reaktortechnik" (IRT) of the Swiss

Federal Institute of Technology (ETH) in Zurich started to

operate a small sodium loop on the EIR site to gain experi-

ence with the sodium technology.

In 1967 EIR started several GCFR activities under a bilateral

agreement with General Atomic (GA). The activities included

- The physics lay-out of a 1000 MWe GCFR with a direct

helium cycle.

- A study for converting the Swiss experimental HWR at

Lucens to an experimental GCFR.

- A programme for measuring the neutron physics properties

of fast reactor lattices at the zero-power reactor PROTEUS.

- A GCFR core thermal-hydraulics programme.

After termination of the study of a 1000 MWe GCFR with

direct cycle in 1969 and the abandonment of the conversion

plans for the LUCENS reactor the experimental physics and

the thermal-hydraulics programme became the pillars of the

GCFR activities at EIR. The two programmes were later supplemen-

ted by nuclear performance and safety studies for the 300 MWe

GA prototype and by alternative fuel cycle studies. Much of

the later physics work provided also useful information for

LMFBRs. The physics and core thermal-hydraulics work is des-

cribed in detail in Appendices I and II. The work has enabled

Switzerland to have an interesting information exchange with

the European GBRA group and to become an active member of the

NEA-GCFR committee. More recently, the activities were also

integrated into the framework of the US-German-French "Umbrella

Agreement on Gas-Cooled Reactors".

In connection with the reorientation of programmes from the

GCFR to the LMFBR mentioned already in section 1 the experimen-

tal physics studies at the reactor PROTEUS and the nuclear

performance and safety studies were substituted by a new

activity in the LMFBR safety area at the beginning of 1980.

This decision was also in line with general EIR plans to give

increased priority to safety related work. Furthermore, it

enabled EIR to respond to a request of the Federal Office of
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Energy for an evaluation of the safety characteristics of

LMFBRs. The objective of the work and the future plans for

an extension of these activities are outlined in Appendix III.

Also in 1967 EIR began to develop "sphere pac" mixed carbide

fuel pins. The programme, which is primarily directed to LMFBRs,

soon became the third pillar of the fast breeder activities

at EIR. The current programme can support small scale bundle

tests. An agreement for irradiating 20 pins in a fast test

facility is presently being negociated. Collaborations

have been established with several foreign organizations.

A detailed account of the programme is given in Appendix IV.

Between 1972 and 1974 EIR made LMFBR related studies of the

transient behaviour of steam generators and of the influence

of various cooling concepts on the thermal efficiency. It

also developed and tested techniques for detecting cover

gas bubbles in the primary sodium circuit of a loop type

plant. The work in this time period was performed in collabo-

ration with Atomics International (cf. Appendix V ) .

The work carried out. on a sodium loop by IRT is described in

Appendix VI.

EIR expenditures for fast breeder research and development

in the time period between 1975 and 1980 are compiled in

Table I. Between 1967 and 1980 the total man-years amount

to ^ 720 and the total expenses to ^ 110 M SFr. The money

has mainly been expended for fuel development (49 % ) ,

FBR physics related to PROTEUS (23 %) and GCFR thermal-

hydraulics (22 % ) . The decline beginning in 1977 is due to

the phasing out of the GCFR work and, in particular, the

termination of the experimental PROTEUS programme during

1979. The planning for the next few years is on the basis

of constant expenditures near 7 M SFr per year. This (com-

pared with the period between 1976 and 1978) lower level of

funding is compatible with the fact that the more expensive

experimental work has been reduced.

Table I

EIR Expenditures for

Fast Breeder Research and Development

between 1975 and 1980
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Year

1975

1976

1977

1978

1979

1980

Man-years

71.9

77.4

79.0

70.9

52.4

43.4

Total expenses' in
Million Swiss Francs *

9.4

12.8

11.6

11.0

8.4

6.9

*) including overheads but not discounted-,

3. Future Activities and Aims

The fast breeder activities at EIR are presently organized in

2 projects with 4 subprojects or tasks as shown in Fig. 1. The

budgets for 1981 and 1982 are given in Table II.

The reorientation of the Fast Breeder Project from the GCFR

to the LMFBR will be completed by the end of 1982. After this
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EIR
DIRECTION

REACTOR SYSTEMS DEPT,
DR. R. BR06LI

FAST BREEDER PROJECT
DR. P, WYDLER

MAT, TECHNOLOGY DEPT,
DR, H. ALDER

FUEL DEVELOPMENT PROJECT
R, W. STRATTON

LMFBR - SAFETY

DR, P, WYDLER

THERMAL - HYDRAULICS

DR. M. HUDINA

FUEL FABRICATION
AND DEVELOPMENT
DR, W. HAUSMANN

IRRADIATION TESTING
AND DEVELOPMENT
DR. M, NICOLET

FIG. 1 ORGANISATION OF FAST BREEDER RESEARCH AND DEVELOPMENT (ACCORDING TO PROJECTS)
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TABLE II: EIR BUDGET FOR FAST BREEDER RESEARCH AND DEVELOPMENT

PROJECTS / SUBPROJECTS

LMFBR SAFETY

LMFBR/GCFR THERMAL-HYDRAULICS

FAST BREEDER PROJECT

FUEL DEVELOPMENT PROJECT

TOTAL FAST BREEDER

1980

EXPENDITURE

MY M SFR A

4.2 0.8

9.6 2.0

13.8 2.8

28.5 4.1

42.3 6.9

1981

APPROVED BUDGET

MY M SFR A

8.2

6.2

14.4

23.6

38.0

1.7

1.3

3.0

3.0B

6.0

1982

PROPOSED BUDGET

MY HSFR A

13.3

5.2

18.5

20.8

39.3

2.6

1.2

3.8

2.8

6.6

A) MILLION SWISS FRANCS INCLUDING OVERHEADS

B) WITHOUT IRRADIATION IN FAST TEST FACILITY



date all activities within the project will be related to LMFBR

safety. As outlined in Appendix III the present activities,

which are concentrated mainly on the development of a capability

for independent safety assessments, will be complemented by

R+D orientated studies in such areas as

- Decay heat removal using natural convection cooling,

- Response to beyond safe shut-down earthquakes.

Within the Fuel Development Project carbide process development

and fuel fabrication for small scale bundle irradiation testing

will continue at about the same level for at least another two

years. The further continuation of the programme will depend on

external industrial support.

In conclusion, it can be said that Switzerland has been making

and is continuing to make a substantial effort in the field of

fast breeder reactor technology. In the future the effort will

be focused primarily on the LMFBR. To put the limited capacity

(mainly of EIR) to the best use, Switzerland would like to inte-

grate its activities into the framework of the collaborative

agreements between the LMFBR programmes of the major countries

in this field. It takes the admission to the International

Working Group on Fast Reactors to be an important step in this

direction.
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APPENDIX I

FBR-Physxcs

1. Experimental Physics Studies on Fast Reactor Lattices

(R. Richmond, Manager, PROTEUS Project)

Proposals for the performance of integral measurements of

the neutron physics properties of fast reactor lattices were

first discussed at EIR during the early months of 1967 and,

by the beginning of 1968, a major part of the EIR research

effort was being devoted to a programme of studies concerned

with basic aspects o"f fast reactor physics.

The programme was based on the construction of a series of

benchmark lattices in a critical assembly and the measurement,

in these lattices, of the detailed balance of neutron ab-



sorption and production and the shape of the neutron energy

spectrum. In the later stages of the programme reactivity

worths were also measured.

The aim of these measurements was to check the performance

of data sets and calculation methods used in the design of fast

breeder reactors and hence to improve the accuracy of the

design calculations.

In order to carry out this series of measurements the existing

zero energy thermal reactor PROTEUS was converted to a fast-

thermal system in which a central fast reactor zone (with a

diameter of 50 cm) was driven critical by radial thermal

reactor zones. The system was designed to have a central

neutron spectrum closely corresponding to that in a single-

zone reactor with the composition of the central zone of PROTEUS.

Fuel elements containing 100 kg of plutonium were obtained on

hire from the UK. An important feature was that all of the

PuO2/UO2 elements were in rodded form so that a fast

reactor geometry was maintained throughout the central

zone. The reactor in this form first went critical in 1972.

It is important to note that, although the subsequent

programme of measurements and calculations was largely

orientated towards the GCFR, the most important results

obtained were equally applicable to the LMFBR.

During the course of this programme the following measurements

were made:

- Reaction rate ratios and neutron spectra in a "standard"

lattice consisting of PuO2/UO_ rods and in a lattice in

which one third of the PuO /UO rods were replaced by steel

rods to high-light the steel cross-sections.
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Reaction rate distributions in the vicinity of "power

reactor features" e.g. fully and partially inserted

absorber rods.

Effect of steam entry into the lattice (steam was simulated

by means of expanded polystyrene beads).

Determination of k-infinity in a lattice containing PuO /UO

and depleted UO fuel rods.

Spatial variation of reaction rates and neutron spectra

in iron and steel blocks placed above the fast zones

(These measurements were made as part of the NEACRP interna-

tional shielding benchmark exercise)

- Reaction rate distributions in a range of breeder zones

(of VO-, ThO and Th metal) set up either as central

cylindrical zones or axial blanket zones. In some cases

neutron spectrum measurements were also made.

The results of these various measurements were used, in the

first instance, to check the performance of the English FGL4

data set and of the later-developed FGL5 version since these

sets were made available to us by the UKAEA because of their

interest in our programme.

Subsequently we were able to set up the "PROTEUS Benchmark

Exercise" in which contributors from various organizations

made calculations of the PROTEUS fast zone lattice using their

own data sets. The most interesting result of this exercise

was that the PROTEUS measurement showed that the (then current)

US data set ENDF/B-3 overpredicted the ratio of

U238 capture to Pu23*9 fission (Cg/Fg) by 6-8 % implying an over-

prediction of the breeding ratio by 0.06 to 0.08 and thus

giving a serious overestimate of the breeding gain. This result



(together with the other results of the benchmark exercise)

was put forward by the PROTEUS Group at the Atlanta Conference

on Advanced Reactors (19 74) and the discovery of a corresponding

discrepancy by ANL was announced at the same meeting. The

PROTEUS work was thus well in line with that under way in

the major reactor physics establishments.

Some selected references are attached.
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2. Nuclear Performance, Safety and Fuel Cycle Studies

(P. Wydler)

Between 1976 and 1979 reactor physics and fuel cycle studies

were performed under the collaborative agreement with General

Atomic and in the framework of the International Nuclear Fuel

Cycle Evaluation (INFCE). Relevant results were obtained in

relation to

- The reactivity effect of steam entry into the core of a GCFR,

- The flooding of a GCFR for emergency core cooling,

- Proliferation aspects of plutonium recycling.

The studies were preceded by extensive benchmark testing of

the data and methods based on the PROTEUS experimental results

and a NEACRP/IAEA international comparison calculation of a

large LMFBR.

In the GCFR the steam entry reactivity plays a similar role

as the sodium void reactivity in an LMFBR. By identifying and

analysing important effects such as the sensitivity to the

isotopic composition of the fuel, the sensitivity to data un-

certainties and the dependence on the zoning of the core EIR

was able to resolve major discrepancies between earlier steam

entry reactivity work performed at General Atomic, Argonne

National Laboratory and EIR. The finding that the blankets

contribute considerably to the total (negative) reactivity

effect is particularly worth mentioning.

237
A study of possible utilizations of Np, which is produced

in LWRs as a by-product, led to a proposal for a fuel cycle

as illustrated in Fig. 1, involving a fast breeder as a con-

verter reactor. Due to the build-up of Pu this fuel cycle

is more "proliferation resistant" than the reference fuel

cycle with self generated uranium and plutonium recycling.
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Compared with a similar but independent proposal by Allied

General Nuclear Services the EIR proposal has the advantages

that (1) the fresh LWR fuel does not contain any neptunium

and (2) a penalty of about 2.5 % in the fissile inventory of

the LWRs can be avoided.

U
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APPENDIX II

GCFR Core Thermal-Hydraulics

(M. Hudina, Division Head, Thermal-Hydraulics)

The aim of the program started in 1967 is to develop analytical

models and correlations for the prediction of the temperature

and pressure distribution in gas-cooled rod bundles in

connection with the thermal-hydraulic design of the GCFR

fuel elements.

A five-step procedure was chosen at EIR and is being followed

in achieving this aim:

1. Fundamental thermal-hydraulic effects which influence the

thermal behaviour of the GCFR fuel rod bundle are being

investigated by literature survey, analytical studies and

specific experiments. Based on the results of these investi-

gations, models and correlations are developed.

2. Synthesis of the models in a comprehensive thermal-hydraulic

design code that enables a sufficiently accurate thermal-

hydraulic layout of the fuel elements.

3. Experimental verification of the computer c$des by tests

with electrically heated instrumented multiple rod bundles.

Establishment of the accuracy and reliability of the codes.

4. Benchmark calculations with different available multi-

channel thermal-hydraulic computer codes.

5. Parametric and sensitivity studies. Design calculations

and recommendations for the design.

By the end of 1978 the first step was done. Important con-

tributions to the knowledge of the thermal-hydraulic performance
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of rough surfaces, based on analytical /1//2//3/ and

experimental /4//5/ investigations were reported. The

pressure losses of different spacer geometries were measured

/6/ and an analytical model for their prediction was

developed and tested /7/. The influence of some typical

GCFR spacer designs on the local heat transfer was determined

experimentally /8/. A few specific experiments are still going

on in order to increase the accuracy of the correlation develop-

ed for different single effects.

The second step was finished in 1980. Two GCFR design codes

CLUHET /9/ and SCRIMP /10/ are working satisfactorily. The

first version of CLUHET, which is the more sophisticated of

the two codes, was finished in 1978. Based on the extensive

verification studies during 1979 and 1980 this first version

of the code was further improved.

The third step was initiated in 1976. To verify the design

codes under realistic operational conditions, the AGATHE

HEX experiment /ll/ with an extensive measurements program

was started. This program covers different bundle geometries

and a wide range of Reynolds numbers (700^Re«*4.10 ). The cross

sections of the different bundles are given ia Fig. 1 and the

main characteristics of these bundles are summarized in Table I.

The full measuring program of bundle 1 geometry was carried

out in the period 1977 to 1978 /12/. In 19 79 the measurements

with the bundle 2 geometry were started. After some additional

tests with this geometry during 19 80, the change to the

bundle 3 was initiated at the beginning of 1981. The measured

results were compared with the prediction of the codes CLUHET

and SCRIMP /13//14//15/ and a generally good agreement of

results was found.

TABLE I CHARACTERISTICS OF THE AGATHE HEX BUNDLES

Bundle 1 Bundle 2

Number of rods in a hexagonal array 37

Heated length (mm) 1150

Roughened length (mm) 850

Roughness type, trapezoidal profile

Nominal roughness height (mm) 0.1

Nominal rib pitch-to-height ratio 12

Nominal rib width-to-height ratio 3.5

Distance between spacers (mm) 200

Rod outer diameter (mm) 8.4

Rod pitch to diameter ratio (mm) 1.3

Maximum gas temperature ( C) 500

Maximum cladding surface temperature ( C)750

Maximum heat flux (W/cm2) 80

Thermocouples per rod

Standard

Maximum

Rod heating

Maximum radial power tilt

Axial power distribution

Bundle 3

31

1150

850

0.1

12

3.5

250

8.4

1.3

500

750

100

34

950

950

0.15

12

3.5

250

8.4

1.5

500

750

80

4 4 4

12 12 12

indirect dc indirect dc indirect dc

2/1 1.8/1 1.5/1

uniform uniform uniform

In the fourth step, the benchmark calculations with the

different computer codes which can handle the GCFR con-

ditions were started 19 77. The first two calculation tasks

dealing with 19- and 12-rod bundles were finished in 1977.



The third to fifth tasks, based on the results of the 37

rod hexagonal bundle were calculated in 19 78 and 1979. In

the sixth and last task different bundle geometries were

chosen for calculations and the results compared (1980). The

goal and schedule of these activities were to establish

generally acceptable and experimentally verified GCFR analysis

methods for turbulent flow (19 78),laminar flow and transition

flow conditions (1979 to 1980).

Based on the results of different studies and experimental

experiences, the recommendations for the roughness shape

and spacer design were made.

The annual expenditures for the GCFR core thermal-hydraulics

studies are illustrated in Fig. 2. Between 1967 and 1980

23.5 M SFr were expended for this program.
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Fig. i CROSS SECTIONS OF THE A6ATHE HEX BUNDLES
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1967 - 80 23,5 M SFR

1981 - 82 ~ 2 M SFR

FIG, 2

EIR EXPENDITURES FOR GCFR CORE HEAT TRANSFER AND FLUID FLOW STUDIES
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APPENDIX III

LMFBR Safety

(P. Wydler, Manager, Fast Breeder Project)

1. Background and Aims

At the beginning of 1980 EIR decided to start activities in

the field of LMFBR safety. This decision was in line with

general EIR plans to shift emphasis from the GCFR to the

LMFBR and to give increased priority to safety related work.

At the sane tine it enabled EIR to respond to a request of the

Federal Office of Energy for an evaluation of the safety

characteristics of fast reactors of the Superphenix type.

The Federal Office of Energy was interested in this infor-

mation because on several occasions it had to deal with

letters addressed to the Swiss Federal Council and with

parliamentary questions concerning aspects of breeder intro-

duction in general and possible consequences of operating

Superphenix for the population of Geneva in particular.



On a short and medium time scale the objective of the LMFBR

safety programme at EIR is to develop a capability for inde-

pendently assessing the safety aspects of fast reactors.

To contribute to this end state-of-the-art computational

methods will be implemented. On a longer time scale the

objective is to provide information relevant to the

licensability of fast reactors in Switzerland. In this con-

text complementary R+D activities are planned in a limited

number of areas, where useful contributions on the international

level can still be made. Possible areas have been identified

and will be discussed below.

2. Recent Activities

In 1980 work concentrated on the implementation of computa-

tional methods in the areas of hypothetical core disruptive

accident (CDA) analysis, radioactive aerosol transportation

through the atmosphere and determination of radiological

consequences. In parallel to these activities, possible

future research projects were evaluated.

In the field of CDA analysis a sensitivity study of prompt-

criticai power excursions in a 1200 MWe LMFBR was carried out

using the disassembly code VENUS-II. The geometry and compo-

sition of the reactor"corresponded to the model of a recent

NEACRP physics benchmark problem /I/. For the purpose of the

sensitivity study a rather simple simulation of the initiation

phase proved to be adequate. Presently a computer programme

is being developed which can handle the initiation phase more

realistically and, in particular, will predict the spatial

dependence of the temperature in the core more accurately.

A special feature of the programme is the limitation that for

the time interval between start of sodium boiling and start

of disassembly the variation of the power has to be specified

in the input of the programme.
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To compute the mechanical energy release a bubble expansion

model will be used initially. At a later stage detailed struc-

tural mechanics analyses are planned using state-of-the-art

structural analysis computer codes and the know-how which is

presently built up in the LWR safety area.

To study radioactive aerosol transportation and radiological

consequences approximate methods are available. In connection

with the above mentioned request by the Federal Office of

Energy the models were applied for estimating doses at Geneva

due to a given source term at Creys-Malville. The source term

taken as basis corresponded to the containment design basis

accident (LOF without scram) for Superphenix. The programme

FOG /2/, which was initially developed for predicting the

behaviour of plumes originating from cooling towers, was used

for simulating aerosol transportation. It could be shown that

even under the most pessimistic weather conditions doses are

distinctly below the yearly doses received by the population

of Geneva due to the natural background radiation. The results

were in good agreement with information provided to the Federal

Office of Energy by the French CEA.

3. Future Activities1

The basic work for building up the general know-how and an

appropriate computational capability in the areas of CDA ana-

lysis, structural mechanics, transportation of aerosols and



analysis of consequences will be continued. It is also planned

to build up a similar capability in the areas of post accident

heat removal and the behaviour of aerosols in the containment.

To complement these basic activities R+D orientated studies

are being considered in the following areas:

- Decay heat removal using natural convection cooling:

The idea is to study the establishment of natural convection

at the levels of (1) a single fuel element, (2) the reactor

core, (3) the primary cooling system and (4) the secondary

and the emergency cooling systems. There are proposals for

both theoretical and experimental work in relation to one or

several of these levels. The aim of the studies would be to

contribute to demonstrating the favourable decay heat re-

moval potential of sodium cooled fast reactors.

- Loss of shut-down systems with limited core damage:

A dynamic analysis is proposed to demonstrate the effective-

ness of inherent safety features of appropriately designed

LMFBR cores, i.e. that sodium boiling can be considerably de-

layed in the event of a loss of shut-down systems. The study

involves a careful analysis of the reactivity coefficients of

the core including control rod effects. It is clear that the

work would have to be performed in relation to a specific

reactor design.

- Earthquakes:

In Switzerland the relatively high seismic activity in some

regions of the country may be a limiting factor in siting con-

siderations for fast reactors. For core accidents with inter-

nal initiators evidence suggests that, by appropriate enginee-

ring, a high safety standard (less than 10 events per

reactor-year) can be achieved. Corresponding requirements

for the safe shut-down earthquake may be difficult to meet.

There is therefore an incentive for studying the effects of

beyond design basis earthquakes. Such earthquakes may lead

into core accidents such as total loss of heat sink and loss

of sodium on which rather little information Is available

today. The study will require an extensive analysis of the

structural mechanics response of a plant to earthquakes in

combination with an analysis of unusual types of core accidents.
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APPENDIX IV

Development of Fast Breeder 'Sphere-Pac' mixed Carbide

fuel pins

(R.W. Stratton, Project Manager, Fuel Development)

As a major contribution to the fast breeder fuel cycle and

providing the basis of an international contribution to fast



breeder development EIR is working on the development and

demonstration of particulate mixed carbide fuels for the

fast breeder reactor.

l.Work has been going on in Switzerland since ^ 1967 on the

development of sphere-pac fuel produced by a wet (gelation)

process. The work is carried out at the Swiss Federal In-

stitute for Reactor Research (Eidg. Institut fiir Reaktor-

forschung EIR) at Wiirenlingen on a laboratory scale. It

covers the fabrication of uranium-plutonium carbide fuels

at a maximum nominal capacity of ^ V2 kg per week, the

design and fabrication of test fuel pins and irradiation

test vehicles, the carrying out of irradiation tests in

the EIR SAPHIR reactor and in foreign reactors, the post

irradiation examination and evaluation of the performance

of the pins in the EIR hot cells. Initially the fuel Was

fabricated using the Oak Ridge Sol-gel process. Later de-

velopments led to the use of an internal gelation process

modified to include plutonium and carbon-containing feeds.

Some work has also been done on uranium oxide and mixed

uranium plutonium oxide fuels as well as production of pel-

lets using gel produced feed particles. An a-box line exists

for fuel fabrication, process developments and fuel charac-

terization. A considerable amount of analytical equipment

is installed for handling a-active (Pu) materials,carbon,

oxygen analysis, density, surface area, porosity, ceramo-

graphy, thermogravimetry. X-ray fluroscopy chemical and

isotopic analysis. Facilities for fabricatingwelding,

decontamination and Y""scanning (densitrometry) of Pu con-

taining test fuel pins are in place and being enlarged

to accept pins 2.5 meter long. Production of "V 2 - 3 pins per

month with full quality assurance is possible limited by the

available staff. Until recently expenditures of the order

of % sFr 3 m per year including salaries without overheads

have been made. In the last year and for 1981 this has fallen

by i> 25% with a corresponding reduction in staff from a peak

of *x» 45 man years / year to ^ 25 man years / year.

2. The fabrication of (UPu)C sphere-pac fuel has been demonstrated

on a lab-scale using^the EIR internal gelation method with aood

control over fuel characteristics. Approx 20 test fuel pins have

been fabricated all without major difficulty and tested in

Various reactors under thermal, epithermal and fast fluxes. The

irrodiation tests indicated that these fuels perform at least

as well as pellet fuels under the same conditions and in some

resDects - (fuel clad mechanical interaction) better. Signifi-

cant clad carburization was observed in pins having strongly

hyperstoichiometric fuels (40% M2C3). In some cases this led

tc oin failure. In total the evidence to date indicates that

no new performance problems with this type of -fuel are to be

exoected under fast reactor conditions. Interest in sphere-pac

carbide fuel from EIR's point of view would be based partly on

the good performance (perhaps even more positive under transients)

but also on the fabrication advantages. Particularly important

for carbide fuels,the pyrophoric dust problem is largely elimi-

nated, fabrication is simpler and cleaner and there is great

potential for remote fabrication increasing security and im-

proving operator safety with lower dose rates (particularly

for recycle-Pu containing fuels) .

3. Fuels up to^20 % Pu in U+Pu (also trials with higher

plutonium contents and with uranium enrichments from

depleted up to 93 % U235) have been fabricated and tested.

The current process is a modified internal gelation process

with feeds of plutonium nitrate and hexamethylenetetra-

rr.ine containing carbon black mixed, cooled and dropped



5.

into a column of hot silicon oil. Gravity feed under

pressure is used without vibrating nozzles. After washing

and drying stages the spheres are calcined in a reducing

atmosphere and then undergo reaction sintering at high

temperature (>1800°C) in argon. In this final heat treat-

ment stage the carbide is formed and the spheres reach

their final densfty of > 95% theoretical. Two size frac-

tions are currently produced. Fines 4 0 - 80 pm dia and

large fraction ^ 700 vim dia (see attachments) .

No fuel elements are manufactured at EIR. More than 20 test

fuel pins have been fabricated up to 1 m in length clad

in stainless steel and with outside diameters between

6.6 mm and 9 mm. Vibrofilling is carried oat using the

infiltration technique (Fill coarse, hold down fuel column,

vibrofill fines until max packing density is reached).

Smeared densities range between 77% and 80% of theoretical

depending on fuel density. Current work deals with the

fabrication of a batch of 20 test fuel pins for a fast

flux irradiation-comparison with pellets. Fabrication

has been carried out under QA requirements of Germany

British and Belgium experimenters. The latest campaign

will meet US standards.

Controls on pin fabrication cover: -

Materials supply and analysis (fuel, clad and components)

Pin filling procedures

Gas filling (Helium)

Cleanliness, handling procedures, control of foreign

materials

De-contamination procedures and contamination levels

Helium Leak testing

Dimensional, weight, bow, surface conditions, work-

manship

X-ray of pin internals

X-ray of weld

y-scan for density profile

Pin identification

Document control

Cleaning Storage, packing and shipment (or fabrication

into test vehicle)

Non conformance procedures

Archive materials

6. Irradiation test conditions. (Carbide FBR fuels) have covered:

thermal (18 pins) epithermal (2+1 pins) and

fast flux (1 pin)

irradiation times approach 300 days

clad temperatures up to 700°C nominal

burn-up up to 'v 74 heavy atoms

linear powers between 30 - 95 kW/m

7. After irradiation the sphere-pac pins are examined in

the EIR hot cells. The operations may include: -

axial Y-scanning (total activity and selected

isotopes)

equipment dismantling

measurement of flux monitors

pressure test, "gas analysis of sodium capsule (if any)

removal of fuel pin

dimensional checks and visual examination

leak testing

gas puncturing (pressure and mass spec analysis)
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sample cutting

metallographic examination of fuel and clad (polished

and etched up to 500 x)

o, Byautoradiography-

micro-drilling and chemical analysis

Nd-148 burn-up analysis

clad micro-hardness (carbon distribution)

radial ^-scanning (fission product radial distribution)

gross porosity re-distribution•(quantimet)

special examination using Scanning Ion Mass Spectrome-

ter (clad)

Other analyses carried out at other institutes have been

clad carbon profiles, microprobe analysis of fission pro-

ducts and Pu redistribution and pin profilometry.

8. Low level studies have started on a concept for a larger

scale (pilot) plan but with no plans for its realization.

Recently interest has increased in the commercial possibi-

lities of oxide LWR fuel production by this method. No

commercial fuel fabrication facilities exist in Switzerland.

EIR has several formal and informal collaborations with

fuel developers in other countries. Currently the main

objective is to contribute to advanced fuel development,

to maintain contact with the newest fuel cycle and fabri-

cation technologies and fast reactor programmes. An important

feature of EIR's facility is the ability to handle Pu con-

taining fuels.

9. No detailed economic studies of this fuel type have been

made. Safety aspects are considered only as they affect

the performance of the particular experiment or the im-

plication of the experimental results (reasons for and

mode of pin failure).

10. Excellent potential exists for remote fabrication due to

the simple plant requirements, lack of machinery requiring

hands-on maintenance and ease of process control, decon-

tamination etc. (see attachments). Remote fabrication

developments have not been attempted at EIR. The use of

wet route fabrication methods in a remote facility should

increase the safeguardability of the fuel fabrication plant

less access, improved containment, possibly easier accounta-

bility. Since it uses liquid nitrate feeds the fabrication

of U-Pu (coprocessed) fuels for direct pin loading could

be incorporated directly in the reprocessing plant making

shorter out of reactor times and a more compact (therefore

secure) fuel cycle center.

11. The current EIR programme and resources can support at

the maximum small scale bundle tests (^20-40 pins)

in a fast demonstration plant. For acceptance of this

fuel type (either LWR oxide or FBR) full scale fuel

element demonstration leading to licensing will be

needed in operating power plants. The next EIR tests

will be a 20 pin test in a fast test facility (agree-

ment being negotiated).

12. For EIR the current plans are to continue with carbide

process development and fabrication of fuel for irradiation

testing at the prese'ht level for the next 1 - 2 years. To

continue with the examination and evaluation of experiments.

To continue with a certain level of carbide fuels develop-

ment after that date dependent on the available resources,

degree of transfer to oxide fuels development and degree
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of external industrial support. A continuing irradiation

programme would include a mixture of detailed parameter

studies and larger scale bundle tests provided partners

for the latter can be found. Development of a sphere-pac

pin behavioural model will be continued.

13. Another special feature of the work at EIR is the

development of a sphere-pac carbide code to modell the

behaviour of particulate.FBR fuel pins. This code (SPECKLE)

is being developed jointly with Oregon State University

USA under contract to EIR (ref.)
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APPENDIX V

Cooperation with Atomics International (AI) in the field

of LMFBRs

(G. Sarlos and W. Seifritz)

The Swiss Federal Institute for Reactor Research(EIR) has

cooperated with Atomics International (AI) during a period

of about 3 years in the first half of the 70s. On the

basis of this agreement between EIR and AI about 10 man-

years/year, i.e. a total of about 30 manyears from EIR,

were involved in this activity.

EIR accomplished the following tasks:

1. A "Bubble Detector" has been built in order to detect

gas bubbles in the primary sodium circuit of a LMFBR. The

sodium has been simulated by water and the principle of

detection was based on a pressure-difference measurement.



2. Assessment Studies of LMFBR Power Plants were made by

EIR. Hereby, special emphasis was given to various modes

of cooling (river cooling, atmospheric cooling with wet

and dry cooling towers possessing natural and forced cir-

culation etc.) and its influence on the thermal efficiency

of the power plant.

3. The transient behaviour of Na-H2O steam generators has

been investigated. The idea was to establish a model for

a comparison to an experiment performed at AI using a special

steam generator modul. The aim of these steam generator

dynamics studies was the determination of the time constants

relevant in these systems.

4. A study of the zero power experiment ZPR-III-48 during

the years 1974-75 dealt with the problem of central

reactivity worths.

APPENDIX VI

The Sodium Loop of the Institut fur Reaktortechnik

..(B. Sigg, ETH-ziirich)

This test loop, which is situated at the EIR-Wiirenlingen,

was built in 1966 for the purpose of gaining experience in

sodium handling and doing thermohydraulic experiments.

1. The main Features Relevant to Experimental Work

Testsection: vertical tube, diameter 3 cm, hydrodynamic entry

length 180 cm, upward flow, length of heated section 143 cm

(subdivided into 9 axial segments with possibly different
2

heating), max. wall^heat flux 6 W/cm , max flow rate 1.7 1/s

corresponding to U=2.4 m/s or Re=240'000 in test section,

max. temperature 300°C.

Instrumentation: flow meters, thermocouples. Two sensors near

upper end of test section may be moved separately in a plane

vertical to tube axis. The sensors contain thermoelements

and now also probes for velocity measurement.

Data Sampling: 2 channels for amplification and filtering

of microvolt signals caused by turbulent fluctuations. Camac

control unit for a-d-conversion and data storage on tape

(max. sampling rate=1000 s ).

2. Past and Present Work

After a period devoted to the development of experimental

installations and methods as well as gathering technical

experience, a number of thermohydraulic experiments have been

performed during the past ten years. These are:

Measurements of time-averaged temperature profiles in fully

developed turbulent flow for the calculation of Nusselt

numbers and eddy diffusivities for heat. Investigation of

turbulent temperature fluctuations for determining mean

flow velocity, temperature transfer functions, decay of

fluctuations after heated section, spectral power density,

spatial distribution and balance of fluctuation energy,

macro- and iricroscales, skewness and kurtosis of probabi-

lity distributions. In cooperation with the EIR a fast-

responding open-ended thermocouple, the hot junction of

which is formed by the flowing sodium itself, has been

developed and compared with insulated thermocouples.
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At present several forms of probes for the simultaneous

measurement of local velocity and temperature fluctuations

are tested.

3. Possibilities For Future Work Involving Modifications of

the Test Section

Thermohydraulics of electrically heated rod bundles, detection

of flow obstacles and other disturbances, transfer functions

for heat current fluctuations.
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Commission of the European Communities
Rue de la Loi, Brussels, Belgium

1. Introduction
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H. Fuchs, S. Fasch: Measurement of Eddy Conductivity in

Sodium.International Seminar "Heat Transfer in

Liquid Metals", Trogir YU, 1971, Paper No. 47

H. Fuchs: Warmeiibergang an stromendes Natrium , ETH-Disserta-

tion und EIR-Bericht Nr. 241 (1973)

H. Bunschi, W. Seifri tz: A Fast Response Thermocouple for

Temperature Fluctuation Measurements in Sodium Coolants

Annals of Nucl. Energy 2, 415 (1975)

Nuclear Technology 27, 523 (1975)

The Commission continued i t s fast reactor act iv i t ies essentially in the
frame of the Fast Reactor Coordinating Committee (FRCC) and by the execu-
t ion of a Reactor Safety Programme at i t s Joint Research Center (JRC).

2. Act iv i t ies performed in the frame of the FRCC

The study performed jo in t l y by the Commission and UNIPEDE C) on the penetra-
tion of fast reactors in the European Community which I have already men-
tioned at the previous meetings is being concluded. An extract from the
f inal report w i l l be presented at the BNES International Conference on Fast
Reactor Fuel Cycles (9-12 November 1981 in London).

J. Bunschi: Turbulente Temperaturschwankungen in fliissigem

Natrium.

ETH-Dis. No. 5890

Inst . fur Reaktortechnik ETHZ-AF-NST-13 (1977)

J. Bunschi: Transfer Function of Temperature fluctuations

for liquid metal slug flow

Atomkernenergie 31, 23 (19 78)

The Safety Working Group continued the elaboration of preliminary safety
cr i ter ia and guidelines for typical fast reactor accidents. Three of f ive
accident categories are now terminated, namely primary react iv i ty accidents,
general cooling accidents and local cooling accidents. Two accident cate-
gories have s t i l l to be considered, these are accidents outside the core arrf
accidents external to the station.

C") UNIPEDE = Union, in ternat ional des Producteurs et Distributeurs
d'Energie Electrique
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