
136 STATUS OF FAST BREEDER REACTOR DEVELOPMENT
IN THE FEDERAL REPUBLIC OF GERMANY,
BELGIUM AND THE NETHERLANDS - February 1984

R. HÜPER
Fast Breeder Project,
Kernforschungszentrum Karlsruhe GmbH,
Karlsruhe, Federal Republic of Germany

Translated by R. Friese

The three German ins t i tu t ions mentioned above have been connected since 1977 in

the Entwicklungsgemeinschaft (EG) Schneller Brüter. KfK, INTFRATOM, and the

French Commissariat i 1'Energie Atomique entered into contract', in 1977 about

close cooperation in the fast breeder f i e l d , to which the Belgian and Dutch

partners acceded.

The results of ac t i v i t i es carried out by the DeBeNe partners in 1983 have been

compiled in this report. The report begins with a survey of the fast reactor

plants followed by an R+D summary. In an additional chapter, a survey is given

of international cooperation in 1983.

I . SUMMARY

Preface

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

the Kingdom of the Netherlands ("DeBeNe") agreed to develop breeder reactors in

a jo in t program. The following research organizations have taken part in th is

e f fo r t :

Kernforschungszentrum Karlsruhe (KfK)

INTERATOM, Bergisch Gladbach

ALKEM, Wolgang near Hanau

SCK/CEN, Mol

Belgonucleaire, Brussels

ECN, Petten

TNO, Apeldoorn

NERATOOM, The Hague.

1 . Operating Experience with KNK I I in Karlsruhe

KNK, the compact sodium cooled reactor, is an experimental nuclear power plant

of 20 megawatts e lect r ic power, whose core i s t cooled by l iqu id sodium of

approx. 500 °C. In i t s orginal version as KNK I , the plant had been equipped

and run with a thermal reactor core in the period between 1971 and 1974. From

1975 onwards, the plant was given a fas t , i .e . unmoderated, reactor core. I t

has two zones, the outer driver zone surrounding a central test zone. The fuel

elements of the test zone contain mixed oxide, i . e . , uranium oxide and plu-

tonium oxide. This arrangement very closely approximates the core structure of

the SfIR 300 under construction.

After the f i r s t fast core of KNK I I had attained a peak burnup of the test zone

of 100,000 Mwd/tHb| in 1982, new grid plate inserts were instal led in early 1983

and extensive in-service inspection checks carried out. The second core of

KNK I I equipped with thicker fuel rods became c r i t i c a l for the f i r s t time in

June 1933. Full power was reached only eight weeks la te r . Since that date the

plant has been run without major malfunctions in accordance with the schedule

set out in the KNK I I experimental program. Another point to be mentioned is

the excellent agreement between the nuclear parameters calculated in advance

and those measured. The operation of KNK I I with the f i r s t core had been im-

paired by the unforeseen effects of argon gas bubbles entrained in the sodium

coolant. After commissioning of the second core i t was seen that the cyclones
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installed together with the new grid plate inserts produced the intended

effect. No reactivity disturbances caused by gas bubbles were observed in any

operating condition of the plant or with the degasing line open again.

The basic design (fuel rod diameter, power distribution) of the third core of

KNK II corresponds to that of the second core. Some modifications of detail are

hoped to result in less expensive fabrication. The components of the third core

were ordered in late 1983; they are to be available two years later.

2. Construction of the Kalkar Nuclear Power Station (SNR 300),

Since 1973 the breeder prototype nuclear power plant, SNR 300, has been under

construction near Kalkar on the Lower Rhine River. The responsible manufacturer

is Internationale Natrium-Brutreaktor Bau GmbH (INB); the owner and builder is

Schnei 1-Brliter-Kernkraf twerksgesel 1 schaft mbH (SBK). Both firms are German-

Belgian-Netherlands enterprises.

Following the lifting by the German Federal Parliament in late 1982 of the po-

litical reservation existing since 1978 against commissioning the Kalkar Nucle-

ar Power Plant, the Federal Government decided on April 26, 1983 to continue

the project. A scheme for financing all of the increased costs of the project

has now been contractually agreed upon among the participating countries, the

German utilities and the manufacturer.

Work for the specific partial permits still missing has been continued. The

most important construction permits have already been granted. A permit for

storage of the fuel elements in the power plant coupled with an expert opinion

on the core is to be issued in October 1984, and the operating permit proper is

to be granted in February 1986.

On the construction site, the assembly opening in the biological shield has

been closed, construction of the cooling tower and of the well building has

been completed. The pumps, intermediate heat exchangers and steam generators

have been completed except for the helical coil systems, delivered, and in-

stalled in the power plant. Assembly of the heat transfer systems has advanced

so speedily that the pressure test of the main primary system including the re-

actor vessel was advanced to December 1983 and completed successfully, as was

the subsequent leak test. As a result of the extensive assembly work, the num-

ber of personnel on site has increased from 1000 in 1982 to more than 3000 at

present.

The timetable has not only stabilized, but it has in fact been possible to ad-

vance some of the key dates and to cut the whole planning time of the project

by three months, which means that the completion of construction of the plant

has been planned for August 1985, the beginning of fuel loading for April 1986,

and the delivery of the plant for April 1987. These deadlines apply subject to

a favorable outcome of the litigation still pending before -administrative

courts as a result of objections raised by certain plaintiffs.

3. Preplanning of an SNR 2

The German-French-Italian ESK electricity utility had commissioned KWU in 1982

to draft a preplanning study of a large breeder reactor to operate by the pool

concept. This study is about to be concluded by Interatom. Together with an ear-

lier study of a plant based on the loop type concept it is to constitute the ba-

sis of a decision between the two concepts to be taken by ESK in 1984. One ma-

jor aspect in this regard is the licensing capability in the Federal Republic

of Germany.

The Federal Ministry of the Interior in mid-1983 invited a "Discussion Group on

Fundamental Technical Safety Problems of Large Fast Breeder Reactors". Before

the beginning of detailed planning, that group will examine important safety re-

lated problems of the SNR 2, such as the Bethe-Tait accident complex, sodium

leakages, containment problems, in-service inspections, steam generator fail-

ures, materials for the main sodium systems, proof of integrity and the service

life of sodium, designing the top/top shield areas against failure events, etc.

On these subjects, Interatom has already submitted documents to the Federal Min-

istry of the Interior which at present are the subject of del iber.itions.

4. Research and Development Work

R+D work in the DeBeNe region was concentrated on fuel element and materials de-

velopment, safety, physics, component development, and the breeder fuel cycle.

Part III of this report contains the most important R+D results elaborated in

1983. They can be summarized as follows.



138 In parallel to the core element fabrication for the first load of the SNR 300,

efforts are being made to further optimize core materials for future applica-

tion. With a view to achieving still higher burnups, alternative materials for

canning and wrapper tubes are also under study, especially in regard to better

swelling behavior under irradiation. Another objective of core element R+D con-

cerns possible simplifications of subassembly design in order to reduce fabrica-

tion costs.

A large background of safety experience was accumulated from testing in-core

protection and plant monitoring instruments in KNK [I and other facilities.

Part of the safety R+D was still devoted to core disruptive accidents. In this

field, close international cooperation proved to be useful in code development,

joint coolant blockage experiments, transient experiments, failed-fuel studies,

and risk analyses. Aerosol and sodium fire experiments as well as core melt

studies serve to assess possible accident consequences.

The physics activities are concentrated on safety studies of large cores, empha-

sis being put on the reactivity effects of the relocation of core materials in

major accidents, void effects, and control rod worths. Heterogeneous cores are

being studied in the BIZET and RACINE projects.

Component testing for the SNR 300 was supplemented by development work aiming

at the simplification and improvement of component designs, especially to re-

duce the space requirements and further increase the life of future plants. As

before, research into structural materials for the reactor vessel, piping, and

other components is being performed to assure basic safety and plant reliabili-

ty and to facilitate future licensing procedures.

Fuel cycle activities mainly covered reprocessing tests and subsequent re-

fabrication of KNK II fuel.

5. International Cooperation

Belgium and the Netherlands cooperate closely with the Federal Republic of Ger-

many within the framework of the R+D Programs Group. The most important

research installations in the breeder field of those two countries are the BR 2

of Mol and the HFR of Petten.

The German-French breeder agreements of 1977 have resulted in close cooperation

in R+D with France, which is coordinated by a joint Steering Committee and its

Working Groups. This is demonstrated quantitatively also by the rising number

of projects tackled and the excellent progress made in the harmonization of

technical concepts. The activities in Italy are coupled to those in France. In

1983, negotiations were started with the United Kingdom about close cooperation

in t.he breeder field within the West F.uropean framework. In January 1984, a Mem-

orandum of Understanding was signed by the governments of West Germany, France,

Great Britain, Italy, and Belgium, with an option open to the Netherlands to

join the agreement. The DeBeNe group and France have trilateral relations each

with Japan and the USA, which in a number of topics of breeder research have

resulted in exchanges of know-how, the implementation of joint projects and the

delegation, inter alia, of German experts to foreign research teams.

Through the International Working Group on Fast Reactors of IAEA a limited ex-

change of know-how and experience is being organized with other countries. In-

ternational conferences back the breeder development worldwide.

II. REACTOR PROJECTS

1. Operation of KNK II

1.1 Loading of the Second Core and Modification Work

After the first fast core of KNK II had attained a peak burnup of the test zone

of 100,000 MWd/tHH in 1982, new grid plate inserts were installed in early 1983

and extensive in-service inspections carried out. The second core of KNK II

went critical for the first time in June 1983. It attained full load as early

as in August.

The operation of KNK II with the first core had been impaired by the unforeseen

impacts of gas bubbles entrained in the sodium coolant. These difficulties have

been reported in detail earlier. They have now been removed for good. The sodi-

um flow has been changed in such a way by the replacement of all grid plate in-

serts that the gas is separated right upstream of the fuel elements and passed

by the reactor core. The grid plate inserts are the links between the reactor

vessel and the fuel elements. They also contain the orifices determining the



coolant flow. Some of the new grid plate inserts, namely those in the outer-

most core row equipped with reflector elements, are fitted with cyclones. These

systems concentrate the incoming gas in that part stream of sodium which cools

the reflector elements. In this way, the gas is moved past the fuel elements

without having any effect on reactivity. The sodium, which is free from gas,

flows towards the fuel elements. Also at that point new grid plate inserts had

to be installed which were adapted to the changed route of the coolant.

1.2 Commissioning the Second Core of KNK II

After the second core had been commissioned it was seen that the expectations

underlying the modifications were met in full. In no operating condition of the

plant, not even with the degasing line open again, were any reactivity distur-

bances due to gas bubbles observed.

The core of KNK II serves as a test bed for the fuel elements of the SNR 300.

For running these elements with equivalent powers per unit rod length, the re-

actor core has been subdivided into a test zone and a driver zone which differ

greatly with respect to fuel element power levels. In addition, only the fuel

elements in the test zone contain U-Pu oxide as the fuel.

In the first KNK II core, Mk.Ia type fuel elements had been tested of the type

currently fabricated for the first core of the SNR 300. These elements are char-

acterized by an outside diameter of the fuel rods of 6 mm and spark eroded

spacers, as far as the fabrication lots made by Alkem are concerned.

The fuel elements of the second KNK II core, however, correspond to the Hk.II

SNR 300 elements with outside fuel rod diameters of 7,6 mm and spark eroded

spacers attached to the fuel element sh'-oud with flow baffles. The fuel element

power is lower for the same linear rod power than it was in the first core. The

total reactor power being unchanged, this leads to considerably smaller differ-

ences between the elements of the test zone and those of the driver zone, both

in terms of fuel element power and of the degree of uranium enrichment used.

The second core of KNK II went critical for the first time on June 26, 1983

with the number of fuel elements calculated in advance. In the subsequent zero

power measurements (of the absorber effectiveness and reactivity coefficients,

among other factors) the measured results came up to expectations. In the subse-

quent power commissioning phase, the generator was reconnected to the power

grid at approx. 40% power on August 10, 1983. The commissioning period wss con-

tinued in several power steps. Full load was attained for the first time on

August 22, 1983.

During the entire commissioning period of the second core no plant malfunctions

occurred. The excellent agreement between the nuclear parameter-, calculated in

advance and those measured should be mentioned specifically. This good result

is felt to be due mainly to the optimization of computation methods by the

SNEAK-11 experiments and to the recalculation of the operating of the first

core loading.

1.3 In-pile Facilities

With the commtsioning of the second core the following in-pile irradiation fa-

cilities are now available (fig. 1):

- Fuel Elements:

The fuel elements of KNK II are used to test various methods of fuel fabrica-

tion and different materials for the cladding tubes and fuel element wrapper

tubes. Sample tubes instead of fuel rods can be put into a limited number of

test fuel elements. The sample tubes of the second core contain structural

materials and actinide specimens.

- Special Fuel Elements:

Fuel rod clusters mostly with 19 rods are planned for testing special fuel
rods, which wi l l be put into a core position of the test zone together with a
ring-shaped carrier fuel element. A f i rs t carrier fuel element for rods with
carbide fuel has been completed. Design work on fuel rods was started which
wil l ful ly exhaust all possibilities of extending the limits of fabrication
tolerances and in this way reduce the expenditures involved tn fuel fabrica-
t ion.
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140 - Materials Irradiation Plugs:

Two different materials test plugs are available, which will be loaded in

1984. One materials irradiation rig is used to study cladding tube specimens

under controlled temperatures and high pressure in the peak flux of KNK It.

This use required a ring shaped carrier fuel element to be designed and fabri-

cated. Another materials irradiation plug contains structural material speci-

mens to be irradiated to only low fluences at various temperatures. The plug

will be put into a reflector "position.

- Materials Test Elements:

A large number of materials specimens can be irradiated in two materials test

elements located in the reflector zone. Since these elements cannot be instru-

mented, special irradiation capsules with heat pipes for temperature control

are to be installed in 1984. One of the elements is to be transferred to a

fuel element position as soon as the third core starts operating; in this way

better irradiation conditions are to be achieved.

Test fuel element
with materials specimens

Carbide fuel
test bundle
in annular subassercibly

Fig. 1:

Positions of

irradiation rigs

in the KNK I I core

Materials
test element

Pveflector zone

iest zone

Driver zone

Structural materials
irradiation plug

Cladding materials
irradiation rig
in annular subassembly

1.4 Post-irradiation Examination and Reprocessing of Fuel

Two fuel elements of the first KNK II core were disassembled and subjected to

post-irradiation examinations in the Hot Cells of KfK in 1983. It should be

emphasized that the test element was disassembled in merely 40 hours of work as

a result both of the experience acquired in the meantime and of using a differ-

ent approach. This is all the more remarkable since the element had attained

the full burnup of the first core (100,000 MWd/teHM). Later on a new disassem-

bly unit will be installed in the Hot Cells which is at present being completed

at KfK. This will allow complete rows of fuel rods to be extracted instead of

only single rods. It is to reduce the disassembly time still further.

Some 40 fuel rods from a third test fuel element disassembled were brought to

the MILLI laboratory scale facility for reprocessing. Despite the high burnup

and a relatively short cooling time it was possible to carry out reprocessing

without any difficulties. The solubility of the KNK II/l mixed oxide fuel is

still being investigated in detailed studies not yet completed,

1.5 Plant Instrumentation

New experiments have been prepared in the field of reactor Instrumentation in

1983. One experimental plug has been completed for testing again the fuel ele-

ment flowmeters to be used in the SNR 300. A previous long-time test had demon-

strated the reliability of those flowmeters; this time the measuring accuracy

is to be verified under various reactor operating conditions.

The detailed design of an ultrasonic viewing unit to be used under sodium was

continued. Viewing under sodium is the technique to be applied in the in-ser-

vice inspections in the SNR 300 instead of volumetric assays.

Within the framework of in-service inspections it was possible to inspect the

inside of the reactor vessel of KNK II by means of a TV camera in the region of

the upper plenum. The images were recorded on a video tape. The sodium had been

lowered to the level of the fuel element outlets for this work. The pictures

transmitted showed the excellent condition of the reactor vr-ssel with extreme

clarity, especially in the region normally under sodium. Image resolution was

excellent; for instance, marking lines of the manufacturer could be recognized



clearly. The TV camera planned for use in the SNR 300 by Interatom will be

cooled hy argon. The field of view can be set by means of a movable mirror.

The behavior of the concentrations of hydrogen and tritium in the three systems

of a fast breeder is to be studied in cooperation with the CEA, France. Exten-

sive studies were carried out to investigate the possibility of installing,

both in the primary and the secondary systems of KNK II, continuously working

hydrogen and tritium meters. For a number of years hydrogen detectors have been

used in the secondary system for the detection of steam generator faults.

The fuel element control system intended for use to localize failed fuel ele-

ments by the wet-sipping technique has been delivered and tested in KNK II. One

experiment to be carried out when the next fuel element failure occurs is to

prove that the sensitivity of the wet-sipping technique is sufficient. The tech-

nique is to be employed in the SNR 300 to localize failed fuel elements.

1.7 Reactor Operation and the Continued Program

Since the power commissioning phase was completed, KNK II h.is been operated

without any major defects in accordance with the cn':eria set forth in the

KNK II test program. These criteria must now be coordinated with the in-service

inspections, which are associated with fixed dates. Formerly these inspections

had been linked with the lengths of operation of the reactor.

The design and fabrication documents for the third core of KNK II, the fundamen-

tal concept (fuel rod diameter, power distribution) of which corresponds to the

second core, were revised in 1983. The revision took into account especially

the experience accumulated in fabricating the second core. Modifications in

detail are to make the fabrication process less expensive. The components of

the third core were ordered in late 1983; they are to be available two years

after that date.

1.6 Technical Operation

Already in the spent fuel elements of the thermal KNK I core any adhering sodi-

um had been removed satisfactorily by the wet gas cleaning method prior to

their being shipped to the reprocessing plant. However, in those elements the

fuel rods had not been surrounded by a shroud preventing the access of cleaning

media, as in the fuel elements of fast breeders. A first test with a fast breed-

er fuel element taken from the first core of KNK II indicated, however, that

also these elements can be washed without any difficulties. The element was tak-

en from the washing unit into the hot cells and examined subsequently.

While the reactor was converted for the installation of the second core of

KNK II, activity measurements of the pipes were again carried out in the prima-

ry cell. These measurements are to provide information about any rises in activ-

ity, e.g., due to depositions of activated corrosion products. The measurements

also serve for the development of a corresponding computer program. During main-

tenance work it is primarily the activity of the primary system which contrib-

utes to the radiation exposure of the plant personnel. A comparison confirmed

by measurements in the Rapsodie, Phenix and PFR reactors indicates that sodium

cooled reactors produce lower personnel doses than water-cooled plants.
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2. Construction of the Kalkar Nuclear Power Station (SNR 300)

2.1. Planning Activities and Licensing Procedures

On December 3, 1982 the German Federal Parliament in a majority decision had

lifted the political reservation against commissioning the Kalkar Nuclear Power

Station. This reservation had been in existence since 1978. This removed a

major obstacle in the way of greater financial participation of the German

electricity industry in meeting rising project costs.

In the light of the positive decision of April 26, 1983 by the Federal Govern-

ment to continue the project, the financial contracts have been agreed upon

among the participating utilities, the German Federal Ministry for Research and

Technology, and the utility SBK. The negotiations with the manufacturers about

their financial contributions and about adapting the delivery contracts have

been completed.

In a discussion among the responsible ministers of the Federal Republic of Ger-

many, Belgium and the Netherlands on October 25, 1983 also foreign participa-

tion was finalized. This means that, financing the total cost volume of DM 6,5

milliard has now been settled contractually.



142 A clear stabilization can be recognized in cost development. This has been

greatly helped by the technical clarifications now achieved in the licensing

and supervisory procedures and by the general agreements reached with a number

of subcontractors.

During 1983, the progress achieved in assembly of the primary systems has been

such that the pressure test of the primary system could be advanced from

January 1984 to December 1983. Additional planning modifications allowed the

project running times to be cut by three months, which means that the

completion of plant construction is now scheduled for August 1985, the be-

ginning of fuel loading for April 1986, and the delivery of the plant for April

1987.

The remaining steps in the licensing procedure have been agreed upon with the

authorities: one permit covering the storage of the fuel elements in the power

plant and coupled with an expert opinion to be expressed on the core is to be

granted in October 1984, and the actual operating permit is to come forth in

February 1986. All documents for the core element storage permit and the expert

opinion on the core were completed and filed on time in late June 1983.

A suggestion made by industry to streamline the supervisory process and reduce

the expenditure involved in preliminary testing and documentation has been ac-

cepted approximately 60% by the authorities and the expert consultants. Plan-

ning work on the units in various buildings has been completed with the excep-

tion of some residual work.

The preliminary test documents of the steel plate containment have been filed

completely for all walls including the edges of the walls and of the roof, the

pipe penetrations and for one roof.

Assembly clearance has been granted with the exception of the upper zones ad-

joining the roof edges. For those parts, clearance can be given only after the

permit for the "roof raising" modification has been issued. Approximately 65%

of the pipe penetrations have been cleared.

The strength analyses II to be carried out for the assembly clearances to be is-

sued have been continued in accordance with the assembly sequence. For the pipe

systems and the reactor vessel all strength analyses II have been completed.

They have been completed for 95% of the large components. Proof of the

stability of the large support structures required for the main sodium pipes in

the primary and secondary heat transfer systems has been produced roughly 80%.

The strength analyses III, which must be completed by the commissioning date,

are already 35% available for the reactor vessel.

2.2 Construction Site Activities (figs. 2,3,4,5)

Assembly work on the construction site has taken a major upswing. The personnel

employed for this work rose from approx. 1000 in October 1982 to some 3000 per-

sons in late 1983; in addition, some 200 persons worked for building construc-

tion.

Building Construction:

The assembly opening of the biological shield has been closed, construction of

Fig. 2: Assembly of a main primary sodium pipe
in the primary cell



Fig. 3: Piping assembly at the main feed-water
pumps
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Fig. 4: Mechanical working of a helical-tube
steam generator feeder

(Courtesy of SBK and INB)

Fig. 5: Lifting of a straight-tube steam
generator

the cooling tower and the well building has been completed. Assembly of the in-

ternals of the cooling tower began in October 1983.

Mechanical Systems:

Assembly work on the reactor vessel has been continued: in April the vessel was

ready for the primary pipes to be connected. All primary pipes were connected

to the reactor vessel by early August. A number of partial pressure tests of

the primary system within the primary cells were carried out, and so have been

pressure tests of the argon systems and other auxiliary loops. The pressure

test of the whole primary system subjected to 15.4 bar, including the reac-

tor vessel, was completed successfully on December 3-4, 1983, as was the subse-

quent leak test, which was finished on December 8.

All primary pump casings have been installed; the nine intermediate heat ex-

changers, all six straight-tube steam generator evaporators, and four out of



144 the six straight-tube steam generator superheaters have been assembled. The

inner and the outer tanks of the sodium cooled storage facility have been put

in place.

Despite some problems, assembly work on the new steel containment proceeded

speedily; more than 60% of the total area has been completed.

2.3 Workshop Activities

Core Element Fabrication (fig. 6 ) :

Some 9000 fuel rods were fabricated in 1983 by ALKEM and Belgonucleaire, which

means that about Z5000 items or 75% of the whole delivery lot have been fin-

ished. 16 additional Hark la fuel elements have been fabricated, which adds up

to a total of 17, and 11 other fuel elements in the fabrication process have

now reached various stages of assembly.

The fabrication of blanket elements was completed successfully in mid-July 1983

with the fabrication of the 108th blanket element.

All dummy elements (8 B4C and 17 Na dummy elements) have been fabricated. In-

spection of the documentation has been started. The casks for shipping and tem-

porary storage at Kalkar have been obtained.

Component group assembly has been completed for the control, shim and primary

shutoff elements. Component group assembly work for the secondary shutoff ele-

ments has been started.

Reactor Top Rotating Shield:

After repair of the damage substained in the bearing endurance test, a new test

was completed successfully. The top was dismantled and packed for sea transport

to Kalkar.

Sodium-Cooled Fuel Storage:

After completion of the welds of the inspection shafts, rails were fitted on

the vessel and the bottom for in-service inspections. The inner vessel was in-

stalled in August, the nozzles were welded in place. After successful comple-

tion of the leak test of the sodium-cooled fuel store rotating top, the unit

was shipped to Kalkar in August. Preparatory work for the assembly of the ro-

tating top has been started.

V.'! _.. / *

Fig. 6:

Core element fabricat ion by Belgonucleaire
The wrapper tube is mounted onto the fuel rod
bundle.



Test Rig and Maintenance Rig:

The f i r s t lo t (grab replacement s ta t ion, force measuring un i t , support frame)

has been delivered on s i te and most of i t has been assembled. Assembly of the

l i f t i n g platform has been completed.

Gas-Cooled Storage System:

The leak tests of the gas-cooled storage system were carried out succesfully.

Transport Car:

The transport car was delivered on s i te in mid-July and w i l l be kept in interim

storage t i l l the assembly date (early 1984). The inserts of the transfer sta-

tions were completed and put into interim storage at the manufacturer's t i l l

the date of del ivery.

Sodium Pumps, Steam Generators, Intermediate Heat Exchangers:

Preparations are under way for assembling the pump rotor systems (main sodium

pumps); at present, mechanical working of the pump l ids is going on.

Six straight—tube steam generator-evaporators and four super-heaters were com-

pleted and delivered by NERATOOM. Fabrication of the f inal two st ra ight- tube

steam generator superheaters was also completed to a l l practical intents and

purposes.

Fabrication of the helical—tube steam generators has been agreed upon contractu-

a l ly in such a way that delivery can be expected in the autumn of 1984; these

delivery dates have been taken into account in the new timetable. The sodium

in le t flow sections, outer shells and thermo-sleeve heater penetration nozzles

into the spherical caps are currently being manufactured. Assembly of the bun-

dle layers for the evaoorator has been star ted; the bundles for the three super-

heaters are being wound.

The nine intermediate heat exchangers were fabricated and delivered to Kalkar.

3. SNR 2 Preplanning

After the completion of most of the research and development work for the

SNR 300, problems of a large demonstration breeder have been studied increasing-

ly for the past few years. This new f a c i l i t y , which is called SNR 2, is to be

operated in a j o i s t Gerroan-French-Italian e f for t on the basis of an agreement

concluded in 1973. For th is purpose, the Europaische Schnei Ibruter-Kernkraft-

werksgesellschaft mbH (ESK) was founded in 1974 as a j o i n t subsidiary of RWE,

FdF, and ENEL.

Internationale Natrium-Brutreaktor Bau GmbH'.INB) as the German-Belgian-Nether-

lands manufacturing company has been concerned with preplanning studies of a

1300 HWe breeder power plant on behalf of ESK since 1976. KfK has been dealing

with problems of reactor physics and mechanical core design .ind the safety of

large breeders.

3.1 Loop-vs.-Pool Analysis

A preplanning study drafted by INB up until 1981 was based on the loop type con-

cept of the primary system, making use of the experience accumulated in plan-

ning, licensing and building the SNR 300. That work was limited to some main

components of the nuclear steam supply system: the reactor, the vessel and top

shield, the primary system, the decay heat removal system, handling and contain-

ment, including demonstration by calculation. Other systems, such as the second-

ary system, the water-steam circuit supporting facilities, buildings P t c , were

studied only as far as necessary to arrive at a sel fcontainecl concept. The ob-

jective of the work was the representation of a plant concept technically feasi-

ble and capable of being licensed.

An analysis of the pool type dtsign carried out by INB jointly with Novatome in

1978-81 represented the project definition phase of a preplanning study based

on the pool concept. The analysis mainly dealt with the conditions under which

a pool type facility based on the Superphenix concept would be licensable under

German rules and regulations.
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146 A subsequent SNR-2 pool type preplanning effort conducted from 1982 on-

ward on the basis of the French Superphenix 1 facility plus the result of the

loop type study is to lead to a decision on the SNR 2 concept in 1984. This con-

cept will be the basis of the main planning phase and the licensing procedure.

Work on the pool design analysis has been continued mainly for the following ma-

jor items: pool roof and its cooling, fuel handling, eid storage circuit analy-

sis, plant protection systems, strength assessment, pool thennohydrauiICS, de-

cay heat removal by natural circulation, containment, steam generators etc.,

and has been supplemented by design work. The studies are based on the SEKLNA

license and the exchange of information with CEA and Novatome.

3.2 Safety Problems

Preplanning the SNR 2 and the analyses of Superphenix have shown that not all

safety-related problems, can be solved unequivocally on the basis of experi-

ence accumulated in the SNR 300 licensing procedure. Consequently, a number of

major prblems are being examined by a consultant body to the German Federal Gov-

ernment up until the planning phase.

The German Federal Ministry of the Interior (BMI) for this purpose psr.ihl ished

a "Discussion Group on Fundamental Technical Safety Problems of La rip breeder

Reactors" (formerly the "BMI Consultant Body") in mid-1983. Befnrp r'u- onset nf

detailed planning, that Group will investigate important safety rpMted prob-

lems with regard to the SNR 2, such as the Bethe-Tait accident complex, sodium

leakages, the containment, in-service inspections, steam generator accidents,

the materials concept for the main sodium systems, proof of the integrity and

service life of the sodium systems, design of the roof/top shield regions to

withstand failure events etc. On these subjects, Interatom has already submit-

ted documents to 8MI which are at present under discussion.

Already in May 1983, an International Workshop on Safety Criteria and Options

of Large Breeder Facilities was organized in Paris. At meetings preparatory to

that Workshop, the German position had been discussed among KfK, Interatom, and

RWE-ESK. The partners suggest that the Bethe-Tait accident not be regarded as a

design bas^is accident in the SNR 2 design and that this position be argued

jointly vis-a-vis the licensing authority. However, as a "flanking measure",

continuation of the core meltdown projects already started (CABRI etc.) is felt

to be necessary. This is particularly true of the management of the licensing

procedure and any activities preceding it, such as consultant bodies to be set

up.

3.3 Nuclear Core Design; Homogeneous and Heterogeneous Concepts

The boundary conditions for core design have changed drastically since 1976

with the concequence that the orginal concept for the (homogeneous) reactor

core has since been replaced by a new homogeneous core design. While formerly

the breeding ratio and the doubling time were the most important aspects empha-

sized_ it is now cost aspects which have gained more significance. In order to

reduce the costs of fuel element fabrication and reprocessing, a further in-

crease in the fuel rod diameter and in burnup is being considered. Moreover,

the number of absorbers and the thickness of the breeding blanket have been re-

duced, to mention but a few items. Cost intensive measures of accident control

are to be decreased to the necessary level and replaced by inherent safety char-

acteristics, respectively, emphasis being put on the preventive aspect . Some

details ana outlines of this thinking can be found in KfK report 3543, "Schnell-

brijterphysik und nukleare Kernauslegung" (Fast Breeder Physics and Nuclear Core

Design). A major role in this instance is also played by the harmonization with

the Superphenix concepts.

Besides the concepts of homogeneous cores also heterogeneous reactor cores(insu-

lar and ring shaped breeding zones), have been studied in terms of

physics and safety properties. In critical assemblies in Britain and France,

e.g., power distributions and control rod configurations have been measured. In-

cidentally, it has been found that the results of the studies of heterogeneous

ring shaped cores can also be applied to a great extent to large homogeneous

cores which cannot be simulated for lack of material, for the neutronic

decoupling of various regions already in smaller heterogeneous cores corre-

sponds to that of larger homogeneous cores.

Differences in the developments of uncontrolled loss-of-flow accidents in large

breeder reactors with homogeneous and heterogeneous core arrangements have been

calculated with the American SAS 30 code. One important point investigated in

this respect was the potential for mechanical energy releases whicli can occur



as a consequence of neutronic excursions. In the light of the conservative meth-

od used for the SNR 300 in limiting the energy released by the primary excur-

sion in an uncontrolled loss-of-coolant accident, the homogeneous core on the

whole exhibits a less favorable picture than the heterogeneous core. If full

credit were given to the effects of expansion and early dispersion, however,

relatively mild boiling-induced power excursions would result also in a larger

homogeneous core.

3.4 Materials Problems

For the componeits of an SNR 2 exposed to hot media, 316 LSPH type steel has

been recommended as a reference material. This is an unstabilized austenite

with approx. 17% chromium, 13% nickel, and 2.5% molybdenum. Compared with the

1.4948 type steel used in the SNR 300, which is comparable to AISI 304, the 316

variety is characterized particularly by its higher strength, which contributes

greatly to reducing the scope of inelastic strength analyses to be performed.

The choice of material has been determined largely by the aspect of harmoniza-

tion with the French concept. Moreover, the properties of 316 LSPH, unlike

1.4919, seem to indicate greater resistance to intergranular corrosion.

For use in fuel element wrapper tubes, 1.4914 type steel is being developed as

an alternative material. A large batch of this martensitic 12% Cr steel with a

reduced nitrogen content was used to determine the tensile strength and stress-

rupture properties, taking into account the hardening, tempering and test tem-

peratures, to study the notch bar impact strength and the influence of the posi-

tion of the specimen, its shape and the heat treatment. The fabrication of fuel

element wrapper tubes out of this material was demonstrated by a pilot tube

both for the seamless and the welded/cold worked versions. The deformation be-

havior and the thermal behavior of the material (air hardening) present unex-

pectedly few problems. The radiation induced creep behavior of the martensite

was measured in Mol. It is a linear function of the dose and a non-linear func-

tion of the stress; it is activated thermally.

III. Progress in Research and Development Work

1. Core Elements

Four new fuel rod clusters have been inserted into the Phenix reactor for irra-

diation tests. Two of them are SNR Mk.II fuel elements. The two others are ele-

ments with rods made by the Phenix concept. Irradiation for the tests began in

late November 1983.

The POUSSIX in-pile experiment is being prepared. It serves to clarify the load

cycling behavior of long fuel rods with varied fuel smear densities and is to

be carried out as a DE8ENE project in the Phenix reactor. For this experiment,

12 fuel elements are manufactured with different smear densities. Agreement has

been achieved with France about the technical design documents. Fabrication at

ALKEM has begun.

The IDEFIX experiment in Phenix is to provide -for the irradiation of complete

fuel rod clusters with cladding tubes made of dispersion-strengthened ferritic

steel grades. The corresponding agreements have been concluded among Belgium,

the French CEA, and the SERENA Systems Company. The first IDEFIX fuel element

is to be loaded into Phenix in November 1985.

The RIPCEX II irradiation produced positive results on ferritic steels, when

the RAPSODIE experimental breeder reactor was shut down, a fluence of up to

8.7xlO22 n/cm2 had been attained. According to post-irradiation examinations

conducted at Cadarache, ferritic steel varieties show h-irdly any swelling;

linear swelling did not exceed 0.23%. The radiation induced creep of dispersion

strengthened ferritic steels is much less pronounced than the creep of other

ferritic steel grades.
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This survey is a summary of the most important research and development pro-

jects and results of activities of the DeBeNe partners for the fast breeder

project in 1983.
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Fig. 7: Materials test element for KNK II.
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The MTE 2 materials test element for KNK II is ready (fig. 7 ) . It has been load-

ed with samples in the KNK II handling hall and is to be irradiated in a reflec-

tor position. MTE 2 can be reloaded and consists essentially of the sample in-

sert and the adapter for fitting it into the core structurr;.

The cladding tube damage found in fuel elements of KNK II as a result of

triboiogical stresses does not correspond to earlier known predictions. Out-of-

pile experiments in sodium are being prepared to clarify the friction events

causing such damage.

Evaluation of the RS-5 Siloe experiment carried out to study the behavior of

failed fuel rods in continued plant operation has been largely completed (dam-

age: cladding tube perforation of 0,3 mm diameter in the upper fuel region).

Although the test rod was operated with the cladding defect for another 55 days

in RAPSOOIE after 2.8% of initial burnup, no failure propagation was found. The

fission product gas signals and DND monitoring clearly indicated the time of

failure. The magnitude of the failure and the DND signal are at the lower limit

of detection.

The behavior of fuel rods under operational transients is being studied 1n

various in-pile experiments. In the framework of this program, numerous short

fuel rods from different fabrication processes have been tested e.g. under

rapid start-up ramps in the HFR Petten. Additional power and temperature tran-

sient experiments are being performed in the BR 2 VIC loop.

A kinetic model has been developed to describe the oxygen transport in breeder

fuel rods. The model allows calculations to be performed for transient condi-

tions taking into account the axial transport component. The model for the

first time combines the oxygen transport due to thermal diffusion in a solid,

that caused by the migration of oxygen carrier gases, and the interaction be-

tween both mechanisms. The quantities required to describe gas transport were

measured by means of a gas penetration method in uranium dioxide of different

densities. The model was used finally to calculate the 0/H distribution in the

r- and z-directions as a function of time in fresh mixed oxide fuel of the com-

position of (U0.81 Pu0.2) 0^#95. The calculations allow quantitative informa-

tion to be generated independent of time about the contributions of the com-

peting mechanisms of oxygen transport.
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150 The COGEPEL program is a method of fuel fabrication based on co-precipitated

(U,Pu)02 particles (conversion, gelation, pelletizing). The purpose of the tech-

nique is the fabrication of spherules free from dust which can be processed

into homogeneous pellets of high density. Laboratory scale experiments on

(U,Pu)02 and semi-industrial scale tests on UO2 demonstrated the feasibility of

the technique. However, because of industrial interests, the COGEPEL activities

of SCK/CEN and Belgonucleaire will be stopped for the time being.

In the reprocessing field, a modified approach in disassembling a fuel element

from the test zone of KNK II has helped to reduce to some 40 hours of work the

time previously required (fig. 8 ) , This has become possible although the fuel

element showed a peak burnup of 100,000 MUd/te^M, had undergone a relatively

short cooling time of only eight months, and had fuel rod cladding tubes of the

materials No. 1.4981 and 1.4988, which tend to swell strongly at higher flu-

ences. Forty fuel rods from the disassembled fuel element were brought to the

MILLI facility for reprocessing. This process step was successful, although the

fuel had an extremely high content of fissile material aggra<ating the chemical

separation of the different categories of substances- It was possible to limit

to less than 0.1% the plutonium losses in the liquid high level waste, which is

a major precondition of the economic utilization of nuclear fuel in fast breed-

ers.

2. Measuring Techniques for Plant Monitoring

Within the framework of in-service inspections it was possible to inspect the

inside of the reactor vessel of KNK II by means of a TV camera in the region of

the upper plenum. The pictures were recorded on a video tape. The sodium had

been lowered to the level of the fuel element outlets. The pictures transmitted

very clearly showed the excellent condition of the reactor vessel especially in

the region normally under sodium.

Results are available on the deposition of radionucl ides in the KNK II primary

system. The distribution of Na-22, Mn-54, Co-60, Zn-65 and Cs-137 was measured

in cold traps. The largest contribution to the radioactivity in this case *as

made by Mn-54. Nickel was selected as a promising material in radionuclide

traps as a result of parameter tests indicating the surface adsorption of Zn-65

and Mn-54. Apparently Zn-65 and Cs-137 get into the pump cover gas as a result

of the Zn and Cs metals evaporating from the hot sodium surface and condensing

on the slightly cooler walls of the cover gas plenum. Co-60, the most important

radionuclide as far as systems contamination in water cooled nuclear reactors

is concerned, plays but a secondary role in KNK. The impact on the activity con-

centrations of fission product gas nuclides in the KNK cover g.is caused by in-

tentionally failed fuel rod cladding was also determined. The concentration

chiefly of Xe-135 rose overproportionally with the reactor power.

Gamma-spectra of fission products in the sodium system were studied in a joint

Japanese-German effort in the new FPL 2 fission product loop of Toshiba. One im-

portant result elaborated was the temperature dependence of the deposition of

emitters of delayed neutrons on the surface of the delay section of the test fa-

cility. For the first time it was possible in a sodium system to measure, in

the form of the F-20 nuclide, a halogen element other than the bromine and io-

dine fission products. F-20 is produced from Na-23 in an (n, ot )-reaction. The

deposition of fluorine is very weak even at low temperatures. Under all experi-

mental conditions, strontium is found to be deposited very strongly in the FPL-

2. Also strontium had never before been measured in a sodium syotan. If this de-

position is irreversible, it would have to be expected that the hot leg systems

in the reactors might be severely contaminated with Sr-90.

In Phenix, a method of sensitive fuel element temperature monitoring initially

tested in KNK II is being tried out. In this compensation technique, all fuel

elements are simulated by a simple model. The analytical method makes use of

the natural fluctuations of the neutron flux and fuel element outlet tempera-

ture signals. It is based on a comparison of the measured fui;I element outlet

temperatures with reference temperatures calculated on-line by means of the

fuel element model. Adapting the model to the fuel elements furnishes such indi-

vidual fuel element parameters as power, heat transfer coefficient and coolant

flow as well as the response times of the thermocouples used en .ne-is.ire nur.lgt

temperatures.

Ultrasonic flowmeters for sodium were tested. They are being dr.v»lnn>"i 1. ilrur-

natives to the oermanent magnetic units used so far. Esn<"".ian> " "; witn

large inner diameters they would result in major weight advant n>-.. • .'"r^snn-

IC flowmeter for sodiuii of a nominal width of 100 was tested n i -mi, ^t tdF

at Les Renardieres in France. The tests, were run at tempcMtiir« of 300 and

400 °C. The reading of the unit was linear compared with the reference, -ind no



temperature dependence was found. The values determined deviated only 2.5% from

the calibration calculated theoretically. The tests were conducted in France be-

cause of the pronounced French interests in this development.

Experiments on the acoustic detection of leaks in steam generators are going on

at Interatom. As the concept seems to be promising, a calibration device for

the detectors has now been designed. The unit contains a very small aperture

(simulated leak) through which gas at a high pressure is forced into a liquid.

The device is acoustically coupled to a steam generator by clamping or welding.

The noise generated as the gas passes through the small leak is very similar to

the noise generated in real leakage case.

3.

The Hol 7C/4 coolant blockage experiment in the BR 2 has been conducted on pre-

irradiated fuel rods (48,000 MWd/te). Preliminary evaluation of the measured

signals recorded during the transient showed clear differences in the develop-

ment of the fault as a function of time compared with the previous three Mol 7C

experiments conducted on unirradiated fuel <-c>iis. In particular, there were addi-

tional major material relocations three minutes after the initiation of the

transient. No fast failure propagation to the entire cluster cross section was

observed. Cooling of the whole cluster was not impaired at any point in time.

Roughly four minutes after the initiation of the failure there were no longer

any decisive changes in the signal. The damage encountered was indicated

clearly and reliably by the system detecting delayed neutrons.

Another five transient experiments were conducted in the CABRI reactor after De-

cember 1982. In some of them fuel-sodium interactions produced pressure pulses

of approx. 70 bar and gave rise to significant fuel relocation. The energy re-

lease had been up to 2 kj/g. One of the experiments showed that changes of the

grid spacers have but a low effect on the fuel relocation. Figs. 9 and 10 give

a survey of the test matrix.
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Seven experiments have been conducted within the PFT-TREAT programm since Novem-

ber 1982. KfK participates in them through the CAPT agreement concluded by KfK

and CEA with UKAEA in February 1980. Three single rods in NaK capsules were sub-

jected to fast power ramps in the American TREAT reactor; the rods had burnups

of 0%, 4% and 9% (after preliminary irradiation in the PFR). Next, two experi-

ments were conducted on pre-irradiated single rods in a sodium flow, where slow

ramps simulated an inadvertent extraction of control rods. The TRAFIC computer

program represented the results well. In addition, TOP experiments were con-

ducted on 7-rod clusters in a sodium flow.

The feasibility of the planned transient experiments in the Petten HFR has been

proven. It can now be concluded from the measured irradiation data of the TOP

03 experiment that this transient experiment lasted for 6.38 s and the rod

power rose from 480 to 900 W/cm at half the height of the specimen. This is in

good agreement with the planned test parameters and promises a successful out-

come of the actual transient experiments.

The FD2/4 fuel disruption test series covering fuel failure in the ACRR reactor

of Sandia National Laboratories (SNL) was completed. A consistant simulation

for the entire FD series was carried out by means of the SANDPIN code of SNL

and the Karlsruhe LAKU code. The strong increase in volume ("foaming" or "swell-

ing") observed after melting at the slower transients (such as FD2/6) is pre-

dicted by both codes for a point in time slightly too early. A simple improve-

ment in the melting model results in the model matching experimental conditions

more accurately. The violent eruption prior to the onset of melting observed

with faster transients (such as FD4/3) is predicted surprisingly well by the

disruption criterion in SANDPIN. However, this code quite considerably underes-

timates the transient gas release. LAKU, on the other hand, contains no fuel

disruption criterion.

Differences in the development of uncontrolled loss-of-flow accidents in large

breeder reactors with homogeneous and heterogeneous core assemblies, as com-

pared to the SNR 300, were studied by means of the SAS3D code. One important

question in this respect was the potential for mechanical energy releases which

can occur as a consequence of neutronic excursions. As a result of the conserva-

tive method used for the SNR 300 to limit the energy release of the primary ex-

cursion in an uncontrolled loss-of-flow accident, the homogeneous core in the
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whole exhibits a less favorable picture than the heterogeneous core. If the re-

percussion of expansion and early dispersion effects were taken into account

fully, however, relatively mild boiling-inducea power excursions would result

also in a large homogeneous core.

For extrapolating the vapor pressure of UO2 up to the critical point, the sig-

nificant structures theory was expanded so as to take into account also the

chemical composition of the gas phase (UOj, UO, UO3, 0 ) . Now a model is avail-

able which describes the state parameters of UO2 also in the non-stoichiometric

range.

The SIMMER II program used to calculate energetic core disruptive accidents is

being verified experimentally. At the Los Alamos National Laboratory, where

this code was developed, KfK participates in upper structure dynamics (USD) ex-

periments. These have shown so far that the expansion times of core disruption

up to loading of the vessel top shield are enhanced by the restriction of the

flow in the narrow channels in such a way that much of the energy contained in

the fluid can be delivered as heat to the cold structures. This considerably re-

duces the load acting on the vessel top shield. The USD experiment confirms sim-

ilar information produced by the SIMMER computer program. SIMMER II simulations

result in only 10% of the isentropic work potential even if large volumes of so-

dium vapor are generated.

In the compact sodium boiling test loop of KfK a new 37-rod test section simula-

ting reactor conditions even more accurately than previously was used in a sec-

ond test series on the removal of decay heat under natural convection condi-

tions in sodium. The test series proved that, in the presence of a heat sink,

rod powers reaching the level of decay heat can be safely removed from a multi-

rod cluster by natural convection even under aggravated conditions (such as par-

tial blockage of the coolant inlet cross section). Any boiling that occurs will

support natural convection.

Sodium fire experiments in the Karlsruhe FAUNA facility indicate that the aero-

sol behavior encountered in pool fires cannot easily be extrapolated to spray

fires. Shortly after the end of spraying the bulk sodium aerosol concentration

was in excess of 100 q/nß. After only 20 minutes it had dropped by two orders

of magnitude. The high initial bulk concentration is associated with major ag-

glomeration and, hence, the formation of large particles. The aerodynamic diame-

ter as a function of mass was 5.8 u.m at 7.5 minutes after the onset of

spraying. The aerosols of spray fires are plated out mainly on horizontal sur-

faces, while the vessel wall rsmains almost entirely free from aerosols.

However, studies of sodium pool fires show that up to 40% of the aerosol is

plated out on the walls.

4. Physics (cf. figs. 11, 12, 13, 14)

Experiments in the SNEAK 12 B assembly were devoted to material relocations of

the type which can occur as a result of bending or melting. For this purpose,

the reactivity worths of vertical and axial relocations of mixed oxide fuel in

the rod lattice (compactions or dilutions) were determined. Evaluations so far

have shown that the S4 eigenvalue transport calculation normally describes the

experimental findings quite well, while the S4 perturbation calculation is not

sufficient for this purpose. S4 transport calculations in general also describe

the reaction rate distributions for the fissions of Pu-238 and U-238 with suffi-

cient accuracy.

Within the framework of the BIZET project, among other items also the measure-

ments conducted on absorbers of enriched boron and europium oxide in the BZD

assembly were evaluated. According to the findings, B-10 enrichment of B4C-ab-

sorbers results in a smaller increase in their reactivity worth than expected

from the calculations. It was also found that the increase in absorber efficien-

cy was 20* less when enriched boron was used in a heterogeneous core than in a

homogeneous one (BZB). Presumably this is due to the influence of the harder

spectrum in the heterogeneous core. For EuO2 this difference between the uses

in a heterogeneous and a homogeneous core, respectively, was not found. The

worth of the EuO2 absorber is underestimated by the calculation by some 12% in

both cores.

In the RACINE program, among other subjects, evaluation of th<> measurements con-

ducted in the RACINE ID assembly was begun, which has an abiorber or a control

rod follower in the center. Criticality for cases with and without an absorber

was overestimated in the calculation, as had already been the case in RACINE

1A. The C/E value is between 6 and 9 °/oo above unity. Sodium void values were

determined by exact perturbation-diffusion calculations; the calculated values

were found to be lower than the experimental ones. In the central rod follower

the deviation was around 13%, which is within the customary range. In the case



154 of the absorber, however, the deviation was found to be so large that the calcu-

lation is to be repeated with transport methods. The radial fission rate tra-
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156 verses calculated for U-235 and Pu-239 in general have a flatter shape than the

measured ones. Transport calculations mostly result in better agreement than do

diffusion calculations, although this is not the case in the inner absorber.

In the D3D and D3E three-dimensional diffusion programs the treatment of the

inhomogeneous source problem is vastly improved. The new method is now rou-

tinely employed in control rod experiments in critical assemblies when calculat-

ing correction factors of the detector counting rates.

In cooperation with ENEA, Bologna, ECN Petten has reviewed the fission product

cross-sections of 60 nuclides, in order to make a final recommendation for inte-

grating these data into the European-Japanese "Joint Evaluated File" JEF. A

large part of these data have been checked by comparison with integral measure-

ments. New data of 1-129 have been determined from recent experimental results.

5. Components and Structural Materials

Two prototypes were tested in the development of electromagnetic pumps resis-

tant to temperature, radiation and aerosols. This allows a pump to be designed

which is resistant to aerosols as a result of the compact and self-contained de-

sign of the magnet system. This compact pump owes its existence mainly to the

use of new types of winding materials.

A double visco shaft seal for the SNR primary sodium pump was tested on a full

scale for some 6000 hours. These visco seals are used for all SNR 300 sodium

pumps instead of mechanical seals because, inter alia, visco seals are not sub-

ject to wear and the supporting systems are simpler and more reliable than in

the labyrinth seals formerly used.

The sodium flow rate in a circuit is limited by induced vibrations of its inter-

nals. This was borne out by experiments with a SNR 300 prototype pump. In those

experiments, a relatively undisturbed straight pipe section and a bend as the

point of disturbance were investigated.- When extrapolating the hydraulic data

of the SNR 300 to a 1300 HW nuclear power plant with four systems, pipe diame-

ters for the main coolant pipes would range up to approximately 1000 mm. For

economic reasons smaller pipe diameters are aimed at. For this purpose, the

flow rate of sodium must be increased by a sizable margin. No maximum or opti-

mum sodium flow rates, can be indicated in general terms from the above-

mentioned experiments. Rates may differ in individual cases, depending on the

configuration of the respective system.

For the tube-tube welds in the helical-tube steam generator of the SNR 3U0 a

new automatic welding technique, the auto-TIG method has been developed by

NERATOOM. In this technique, the pipes are welded without any filler metal and

penetrations are made only in an ascending direction so that any gases will be

expelled upstream of the solidification front and thus escape. In this way,

welds free from pores and incomplete penetration were produced which may have

satisfactory mechanical and technical properties.

Water injection tests into artificial holes of more or less round cross sec-

tions and on cracks in steam generator tubes (mat. No. 1.6770) especially

served to study the reopening behavior after plugging. It was found that also

very small cracks may suddenly reopen after a period of plugging, i.e., up to a

size of 8 x 3 mm^. In the light of these findings it is deemed to be very un-

likely that a small leak can be detected before it has suddenly become bigger.

The hydrogen detectors in these experiments indicated a completely flat signal

up to the point of enlargement of the holes. In the SNR 300, a depressunzation

system ensures that the consequences of a major sodium-water interaction can be

controlled. Consequently, the findings reported in this case will have no nega-

tive impact on safety.

The steam generators of KNK II consist of double tube coils connected parallel

(material No. 1.6770). One of them had been dismantled in early 1981 and re-

placed by a new coil with a sampling point installed at the water-steam transi-

tion point. Subsequent metallographic investigations confirmed that the tubes

of the coil dismantled are in a good condition throughout.

Hold-time experiments helped to clarify the influences of damage due to fatigue

and of stress relaxation. The low-cycle fatigue tests run so far with hold-

times were interpreted by means of the "life fraction rule", especially with a

view to determining the dependence of the number of load cycles to rupture on

the hold-time and on temperature. It was found that the damage caused by fa-

tigue determines the life at low temperatures while, at higher temperatures,

stress relaxation during the time to rupture and the creep Induced faults accu-

mulated in the process determine the behavior.



The growth of fatigue-induced cracks of a fatigue fracture in the critical bend-

ing stress zone of a full-size SNR pipe bend was the object of a component test

carried out in 1983. After 280,000 load cycles, sodium of 550 °C escaped from a

small, stable leak at the expected point. The test result is a valuable contri-

bution to the verification of the extrapolability of materials data to real com-

ponent conditions.

For the SNR 2 components exposed to hot media, 316 LSPH type steel was recom-

mended as a reference material. This is a non-stabilized austenite with approx.

17% chromium, 13 % nickel and 2.5% molybdenum. Compared with the 1.4948 type

steel used in the SNR 300, which is comparable to AISI 304, the 316 variety is

characterized particularly by its higher strength, which greatly contributes to

reducing the extent of the required inelastic strengh analyses. The choice of

material was determined mainly by the harmonization with the French concept.

Moreover, the properties of 316 LSPH, unlike 1.4919, seem to indicate a higher

resistance to intergranular corrosion.

IV. IMPLEMENTATION OF INTERNATIONAL AGREEMENTS

1. German-French Cooperation

Cooperation with France on the basis of the agreements concluded in 1977 has

proved to work well and has been further intensified. Within the framework of

numerous technical discussions, so far a total of about 3000 CEA and DeBeNe

documents have been exchanged.

The Steering Committee agreed upon further common actions in 1983:

- localization of failed fuel elements by flux tilting
- oxygenometer.

Starting December 1982, five other transient experiments were conducted in the

CABRI reactor. In several of these, pressure pulses of approx. 70 bar and sig-

nificant fuel movements were observed as a result of fuel-sodium interactions

(rf. figs. 9 and 10).
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The RACINE project is being carried out in the French MASURCA zero power assem-

bly of Cadarache as a joint experiment of DeBeNe and CEA/CNF.N. It has been de-

signed for studies of heterogeneous ring shaped cores; howe/er, the results of

the control rod experiments conducted in the period under review are of inter-

est also for homogeneous cores.

After completion of the first part of the extensive RACINE control rod experi-

ments, the assembly used to study commissioning configurations of the Super

Phenix Reactor (SPX 1) was set up after June 1983. These are mainly control

rod, reactivity and neutron flux measurements for various loading steps. In-

teratom, Belgonucleaire and KfK plan to participate in the SPX-1 commissioning

program by recalculation and by the delegation of personnel. In 1983, DeBeNe

was directly involved in the RACINE program with three or four delegates.

Starting in January 1984, a heterogeneous RACINE configuration with a thicker

blanket ring {18 cm instead of 10 cm) is being studied. Subsequently, the inter-

rupted control rod experiments will be continued. The completion of the previ-

ous RACINE program has been scheduled for August 1984.

Dlans for 1985 provide for SPX-2 related RACINE experiments which, for in-
stance, deal with the omission of the axial breeding blanket and the internal
fuel element store. For this purpose, DeBeHe inter alia envisage an extension
of the lease of fissile material of KfK.

Safety calculations of a reactor core typical of the Super Phenix design were

carried out at KfK by means of the SAS3D program system. Moreover, KfK ex-

panded the BACCHUS code orginally adopted from Grenoble into a three-dimension-

al single-phase transient version; in the near future a 3D two-phase version

will be available. BACCHUS serves for calculations of the thermodynamics and

fluid dynamics in cluster geometries.

The TP 7 experiment in the French SILENE test reactor was recalculated by means

of the Karlsruhe LAKU program. TP 7 was used to study the kinetics of fission

product gas release as a result of high heating rates. The computed results in-

dicate that the generation of microcracks as a result of high internal bubble

pressures should be modeled in LAKU, for it decisively influences fuel failure

and gas releases at high heating rates.



158 The German-French Working Group on Breeder Safety plans a concerted program on

code developments regarding sodium fires and aerosols. The PARDISEKO aerosols

code is to be improved with respect to convection. Within the framework of a

sensivity study (conducted as a common action of the DeBeNe/CEA partners)

NABRAND was used to carry out some first parameter calculations of spray fires;

the corresponding calculations with the French PULSAR spray fire code are to

follow.

Work is being carried out in the Phenix reactor and in Cadarache to test and

further advance a method formerly developed at KfK and tested in KNK II for pre-

cise control of the coolant flows through individual fuel elemtents. The method

is based on comparing measured fuel element outlet temperatures with dynamic

reference temperatures calculated on line by means of a simple fuel element mod-

el.

Within the framework of the Charlemagne cluster irradiation experiment, the

properties of cladding tubes of various modifications of DIN 1.4970 and AISI

316 types of steel with and without the addition of Ti were compared.

The RS 5 failed fuel experiment conducted in the Siloe reactor on a fuel rod of

the Super Phenix type with a pre-irradiation burnup of 2.2 at.% and a rather

minor fabrication fault was subjected to post irradiation examinations. There

had been a limited reaction between sodium and the fuel. No release of fuel or

increase in diameter was found. The PS-0 experiment (blanket rod from Phenix,

568 full load days) was carried out in 1983. The PS-1 experiment Super Phenix

(fuel rod pre-irradiated 11% in Phenix, 1.4970 type cladding material) was pre-

pared', irradiation will begin in early 1984. Another experiment, KS-1, with a

full scale KNK 1 I/I fuel rod with 4.8% burnup has been prepared for startup in

the autumn of 1984.

The SNR Mk.II experiment in the Phenix reactor has been started. The fuel rods

fabricated by ALKEM and Belgonucleaire (50% each) had been assembled by RBU at

ALKEM. These two Mk.11 fuel elements and the helical wire fuel rods also manu-

factured by ALKEM for the Saphir experiment were shipped to Belgonucleaire. Af-

ter addition of the Saphir fuel rods fabricated by Belgonucleaire, the two

Saphir clusters

were assembled in France. The Saphir experiment concerns rods made by the

Phenix concept. Irradiation for the two tests began in late November 1983.

The POUSSIX in-pile experiment, which is also under preparation, serves to

elucidate the load cycling behavior of long fuel rods with varied fuel smear

densities and is to be carried out in the Phenix reactor as a common action.

Agreements have been signed on the planned IDEFIX experiment. In this experi-

ment, which is also to be carried out in Phenix, complete fuel rod clusters

with cladding tubes made of dispersion strengthened ferritic steel grades are

to be irradiated. The corresponding agreements were concluded by SCK/CEN Mol,

the Centre de Recherches Hetallurgiques of Liege, Usines Emile Henricot, the

Belgian Ministry of Economics, the French CEA, and SERENA. The first IUEFIX

fuel element is to be loaded in Phenix in November 1985.

An ultrasonic sodium flowmeter of the nominal width 100 developed by Interatom

was tested in a loop of EdF at Les Renardieres at temperatures of 300 and

400 °C. The reading of the unit was linear compared to the reference, and no

temperature dependence was found. The tests were carried out in France because

of the strong French interest also existing in this development. Ultrasonic

flowmeters are being developed as an alternative design to the permanent

magnetic units used so far. Major weight advantages would result especially in

pipes of large nominal widths.

The concluding RAPSODIE experiments were attended by delegates of Interatom who

also carried out calculations on the transient dynamic behivior of the reactor

core. The experiments demonstrated the inherent safety of the plant and were

conducted in April 1933 prior to the final decommissioning of RAPSODIE.

The RIPCEX II irradiation in RAPSODIE produced favorable findings on the disper-

sion strengthened ferritic steel varieties developed in Belgium. As was con-

firmed in post-irradiation examinations conducted at Cadarache, ferritic steel

shows hardly any swelling.

At the "Ecole Sodium" of Cadarache a training course for future shift personnel

of the Kalkar Nuclear Power Station was organized by request of SBK.



The International Study Group for Fast Breeder Reactors proposed by the French

CEA was constituted under the name of Argo in Paris on August 31, 1983. The fol-

lowing organizations and firms are members: CEA and Novatoine from France; KfK

and Interatom from Germany, Belgonucleaire and Neratoom, and the ENEA state or-

ganization and the NIRA company from Italy. The group is to advance the devel-

opment of the breeder line. It is open to other partners and is available to

the utilities for exchanges of information.

already irradiated. For this purpose, another rod with two new specimen cap-

sules will be loaded. One of the 84C capsules will be provided with a so-

dium bonding.

The materials irradiation tests going on in the PFR unfortunately suffered de-

lays as a result of operational problems (only partial load operation being

possible because of steam gpnerator failures).
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2. Cooperation with the United Kingdom

On September 5, 1983 the British Secretary of Energy announced that the British

Government had decided in favor of opening formal negotiations with the objec-

tive of reaching an agreement on joint breeder development with France, Germa-

ny, Italy, Belgium and the Netherlands. Corresponding Memoranda of Understand-

ing were signed by the governments of the Fed. Rep. of Germany, France, the

United Kingdom, Italy and Belgium on 10 Jan. 1984, with an option to the Nether-

lands government to join the agreement.

DeBeNe has been cooperating with the British UKAEA in a number of specific

fields for many years already. In the past those had been, among others, experi-

ments in the Dounreay Fast Reactor and the Variable Energy Cyclotron, experimen-

tal studies of structural materials for code validation, chemical (thermite)

tests at Foulness to simulate a fuel-sodium interaction in a model of the reac-

tor core of the SNR 300, and nuclear measurements in zero power as-

semblies of large homogeneous and heterogeneous breeder cores within the frame-

work of the BIZET program.

The joint projects of 1983 mainly comprised the following activities:

An irradiation experiment is going on in the PFR reactor with the absorber mate-

rial planned for use in the SNR 300. After half the target burnup had been

reached (118 of 240 planned full load days), one of the three rods was removed.

The rod consists of two capsules with EuB6 and B4C, respectively. UKAEA con-

ducted an interim inspection with visual observations, capsule measurements and

weight determinations. Additional post-irradiation examinations are to be

carried out in the Hot Cells of KfK. The second phase of irradiation in the PFR

began in late 1983, which is to result in the full target burnup for the rods

Seven experiments have so far been carried out within the framework of the PFR-

TREAT program. KfK participates in them under the CAPT agreement concluded by

KfK and CEA with UKAEA in February 1980. Three single rods in NaK capsules were

subjected to fast power ramps in the American TREAT re<ictor; the rods had

burnups of 0%, 4% and 9% (after pre-irradiation in the PPR). Two experiments

with pre-irradiated single rods were conducted next in a sodium flow, with slow

ramps simulating the inadvertent withdrawal of control rods. The TRAVIC comput-

er program reflected the results quite well.

In the evaluation of the BIZET program, extensive studies were conducted of con-

trol rod reactivity worths and the different neutron physics properties of

plate and rod loadings. Evaluation of the BIZET experiments was largely com-

pleted with the recalculation of the sodium void measurements in the heteroge-

neous assembl1 es.

A CEA/KfK/IA discussion about acoustic boiling noise detection together with

UKAEA was held in Paris on January 28, 1983. Both CEA and UtCAEA envisage the in-

stallation of an acoustic monitoring system in the SPX 1, SPX 2 and CDFR, re-

spectively. The Tiain reason cited is the insufficient monitoring of fuel ele-

ments and, in addition, the diagnostic aid provided in unforeseen cases of fail-

ure. Although the fault tree analyses show extremely low occurrence probabili-

ties for sodium boiling, its occurrence is nevertheless postulated.

Consequently, the development work at CEA and UKAEA is directed specifically at

the implementation of systems ready for use and advanced methods of evalua-

tion. The results achieved in this respect and any questions still open, respec-

tively, were exchanged. UKAEA ncs presentda draft agreement on exchange/cooper-

ation to be further processed by CEA and KfK for presentation to the Steering

Committee.



160 British explosion tests for "Code Validation" concerning the behavior of struc-

tural materials under strong mechanical loads have been evaluated in coopera-

tion with KfK. At the same time, KfK reported results of KNS sodium boiling ex-

periments to the UKAEA.

3. Cooperation with the USA

On March 15 - 18, 1983 a DOE/CEA/DeBeNe Local Fault Exchange Meeting was held

at ANL. The meeting served to discuss, among other subjects, the Mot 7C experi-

ments carried out to date and to present a first report about the P4 experiment

conducted in the Experimental Test Reactor of Idaho. In P4, extreme conditions

had been created with three blockages in the expectation of demonstrating that

even under extremely unrealistic conditions there could be no failure propaga-

tion and the American safety concept could thus be corroborated.

The different results obtained in P4 (there was propagation) as against the pre-

vious findings in Mol 7C (no propagation) must be evaluated in connection with

the very different boundary conditions in the two types of experiments. Only a

limited comparison of the results is possible. In P4, both cylindrical block-

ages led to the formation and instantaneous release of liquid fuel (a few cubic

centimeters). No events of this type were observed in the Mol 7C experiments.

A follow-on meeting to be held in Europe in mid-1984 was envisaged at which the

complete evaluation of P4 and some first results of Mol 7C/4 and 7C/5 would be

discussed.

At the Sandia National Laboratories (SNL) test series on fuel corruption are

being carried out with the participation of delegates from KfK. These experi-

ments conducted in the Annular Core Research Reactor (ACRR) of Albuquerque, New

Mexico, are intended to contribute to the clarification of fuel rod behavior un-

der conditions of a hypothetical loss-of-flow accident without scram. The FD2/4

test series was completed. A consistent simulation of the whole FD series was

conducted with the SANDPIN code of SNL and the Karlsruhe LAKU code. The strong

increase in volume after melting observed with the slower transients (such as

FD2/6) is predicted for a slightly earlier point in time by both codes. Simple

improvement of the melting model results in improved approximation to the exper-

iment. The violent rupture prior to the onset of melting observed at the faster

transients (such as FD4/3) is predicted surprisingly well by the disruption cri-

terion in SANOPIN. However, this code quite considerably underestimates the

transient gas release. On the other hand, LAKU contains no criterion for the

fuel disruption.

ACRR also furnished experimental reference data on the problem of fuel vapor

pressure in major accidents. For extrapolation of the vapor pressure of UO2 up

to the critical point the Significant Structures Theory has been expanded at

KfK so as to take into account also the chemical compos!tion of the gas phase

(UO2, UO, UO3, 0 ) . Some preliminary test calculations resi/lt in a vapor pres-

sure of roughly 60 bar at 5000 K and a critical temper-jture slightly below

3000 K More recent vapor pressure measurements conducted in the ACRR, however,

seem to indicate that this vapor pressure is too high. As soon as all test re-

sults are available the theoretical model will be fitted to more rucent data.

The SIMMER II program for the calculation of energetic core disruptive acci-

dents is verified experimentally. At the Los Alamos National Laboratory, where

this code was developed, KfK participates in Upper Structure Dynamics (USD) ex-

periments. In the theoretical model underlying the program it is assumed that

in these accidents there will first be disintegration of the reactor core

causing neutron multiplication to stop. This process is described by the SAS3D

computer program developed at ANL. It furnishes the input data for the SIMMER

calculation of the subsequent core disassembly phase, which is driven by high

pressures and temperatures in the core.

The USD experiment has shown so far that the expansion times of core disassem-

bly up to tl-e load acting on the vessel top shield are increased by the restric-

tion of the flow in its narrow chanels to such an extent that a large portion

of the energy content of the fluid can be delivered as he.it to the cold struc-

tures. This considerably reduces the load acting on the vessel top shield, [n

this way, the USD experiment confirms the findings of the SIMMER computer pro-

gram.

Differences in the development of uncontrolled loss-of-flow accidents in the

transition from the SNR 300 to large breeder reactors with homogeneous and het-

erogeneous core arrangements were studied with the American SAS3D code. One im-

portant question to be investigated was the potential for mechanical energy re-

leases likely to occur as a result of neutronic excursions. As a consequence of



the conservative method of l im i t ing energy releases in the primary excursion in

uncontrolled loss-of- f low accidents for the SNR 300, the homogeneous core on

the whole shows a s l i gh t l y more adverse picture than the heterogeneous one. I f

the expansion effect and early dispersion were taken into account f u l l y , rela-

t ive ly mild boiling-induced power excursions would result also in large homoge-

neous cores.

4. Cooperation with Oapan

In the FPL 2 fission product loop of Toshiba installed in the TTR reactor of

Kawasaki numerous experiments have been going on since September 1982 with the

objective of monitoring fuel rod cladding failures. In the 21 experiments con-

ducted till the end of 1983, 1150 gamma-spectra were recorded. The spectra are

evaluated at KfK. Among the important results elaborated to date, the first

proof of the existence of fluorine and strontium nuclides in a sodium primary

system must be mentioned in particular. Already in the period 1973 to 197Ü, the

behavior of fission product elements in a stainless steel-sodium system had

been studied in a joint German/Japanese venture in the FPL-1 loop. However,

since many important nuclides could not be measured in the FPL-1 system, the

new FPL-2 loop was designed and built. The experience accumulated in running

the first loop was taken into account in the new design.

The test program conducted with FPL-2 will be completed in the spring of 1984.

In the remaining experiments, temperature gradients will be generated in the

loop and, as an additional parameter, the oxygen concentration in the sodium

will be varied. Evaluating the very large data volume will take quite some time

still.

A .Japanese-German-French meeting on exchanging experience m operating fast re-

actors was organized at 0-arai in the period October 24 - 27, 1983. Some of the

subjects dealt with included the successful commissioning of the JOYO reactor

with a thermal power increased to 100 MW, the startup of the second core of

KNK II, and a survey of ten years of operation of Phenix. Also introduced were

the results of post-irradiation examinations of fuel elements and the end-of-

1ife tests conducted in the RAPSODIE reactor (cf. Section 1, German-French Coop-

eration).

A seminar organized with PNC in Tokyo on November 14 - 18, 1983 was devoted to

risk analyses, especially those for the SNR 300. KfK and Interatom reported

about the risk-oriented study carried out by Science Applications Inc. under a

German contract and with German participation. The corresponding analysis by

the Gesellschaft für Reaktorsicherheit was also discussed. On March 29, 1983 an

agreement had been concluded between KfK/Interatom and PNC about the exchange

of R+D results in the field of breeder safety.

On November 18 - 29, 1983, a DeBeNe-CEA-PNC group, among other topics, dis-

cussed safety calculations of core disruptive accidents, licensing procedures,

fuel element failures, transient and loss-of-flow experiments. Future special-

ists" meetings agreed upon will deal with thermohydraulics, radiological conse-

quences of accidents, sodium boiling, and local fuel element, faults.
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A three-day Specialists' Meeting on LMFBR Aseismic Design and subsequent tours

of experimental facilities in November 1982 showed the great efforts spent in

Japan on experimental investigations of earthquakes. The results can be used to

verify the theoretical setups corresponding to seismic conditions in the Feder-

al Republic of Germany or to improve t'se information to be derived from model

experiments. From the result of a conceptual design study for a 1000 MWe demon-

stration breeder reactor it can be inferred that, from a seismic point of view,

softer soils are more favorable than the hard-rock sites previously preferred

but now gradually becoming scarce.


