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Eighteenth regular session

ADVANCES IN THE APPLICATION CF NUCLEAR ENERGY
FOR PEACEFUL PURPOSES

Information transmitted by the Federal Republic of Germany

Note by the Director General

On 4 September the Director General received from the Federal Republic of
Germany material on the advances made in the year 1973~T4 in applying nuclear
energy for peaceful purposes, The material in guestion is reproduced below for

the information of the General Conference.

INTRODUCTION

1. In the Federal Republic of Germany, the application of nuclear power for the
future energy supply is guided by the "Energy Programme" outlining the Federal
Governmentts overall policy in this field. This programme, published in

September 1973, assigned a leading role to nuclear energy. With the exception of

a certain fraction to be met by coal-fired stations, nuclear energy is to carry

the main burden of electricity generation in the future., Whereas today nuclear
power stations with a total capacity of approximately 2500 MW(e) are operating in
the Federal Republic of Germany, the installed nuclear capacity will reach

20 000 MW(e) in 1980 and 40 000 to 50 000 MW(e) in 1985, thus meeting approximately
40 %o 45% of the overall electricity demand according to the above programme, These

nuclear power stations will use ligh—water reactors (LWR) almost exclusively.
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2 Research and technological development in the nuclear field proceed along the lines
set out in the Fourth Nuclear Programme (1$73~1976) of the Federal Republic of Germany.
Priority is given to the development of advinced reactor systems (high temperature
helium—cooled reactors and sodium—cooled fast breeder reactors) and to the development

of the entire nuclear fuel cycle.

3. With the end of the Third Nuclear Programme in 1972, a *otal of more than

DM 11 000 million from public funds has been spent on research and development with
regard to the peaceful wuwtilizalion of nuclear enerzy. In 1972, public funds allocated
to nuclear research and development by the Federal and State Governments (85% and 15%

of the total, respectively) amounted to more than IM 1500 million. About 40% of the N
total budget is allocated to the nuclear research centres, while another 10% is spent

on sclentific co—operation within international orgenizations,

4, The Fourth Nuclear Programme envisages a total expenditure of DM 6100 million from
public funds during the years 1973-1976. About two—~thirds of this budget are allocated
to the development of nuclear energy; including advanced reactors, the nuclear fuel
cycle, reactor safely as well as radiation protection, and controlled thermonuclear
fusion., The remaining third of the budget will be spent ou high--cnevgy physics, nuclear

physics; solid state vhysics and related disciplines.

5e At present, about 3% 000 persons, 15% of whom are university graduates, are working
in the nuclear field in the Federal Republic of Germany. Of these 25 :000.are  employéd

by nuclear industry and 11 000 are working in research establishments.

NUCLEAR POWER PLANTS

6o At present, some ten nuclear power stations are operating in the Federal Republic
of Germany, generating about 2300 Mi(e). This number includes the first two commercial
power plants at Wirgassen and Stade. Another ten nuclear power stations are under con-—
struction, including the first 1150 MW(e) power station at Biblis which has already
become critical and is to start operating soon. Also included in this numher are the
two prototype power plants with a high temperalure reactor (THTR 300) and. a sodium—
cooled fast breeder reactor {SNR 300), respectively. In order to reach the proposed
nuclear capacity of 20 000 Mi(e) in 1980 and 40 000 to 50 000 M¥(e) in 1985, con-

struction of some five large nuclear power stations has to start each year,
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Te Although the Federal Govermment lays great emphasis on the promotion of the
advanced reactor systems, the hucléar capacity mentioned above will have to rely
almost exclusively cn light water reactor tochnology. UWith Behcock~Brown-Boveri-
Reaktorbau (BBR) and Kraftwerk-Union (KWU) aa efficient nuclear power plant industry
has been established in the Federal Republic of Germany. The total capacity of these
two companies makes it possible to start construction of aboubt 12 to 14 turnkey plants
of identical design {eight to ten plants of 1300 Mi(e) category and three to four
smaller plants) each year., Hence about half of the comstructing capacity is available

for export orders.

8. Up to now, the reactor industry (KWU) has received export orders for four nuclear
power stations (Atucha7 Argentina; Borssele, Netherlands; Tullnerféld,  Austria;

and G8sgen, Switzerland),

REACTOR SAFETY

R At the end of 1972, responsibilities within the Federal Govermment with respect to
nuclear energy were reallocated. In order to secure and to demonstrate greater inde-
pendence, the responsibilities for research and dsvelopment on the one side and for
licensing, safety and radiation protection on the other,; have been assigned separately
to the Ministry for Research and Technology and the Ministry of the Interior; respec—

tively.

10, With regard to the proposed large-scale use of LWR nower plants, work on reactor
gsafety research and development is concentrating on this technology almost exclusively,
while safety questions concerning advanced reactor lines are still treated as part of
the overall development projects. The most important ovrojects under the reactor safety

programme ares
(a) The design of emergency core-cooling systems;
(b) Research on core melt—-dowvm phenomena and ~core-catcher:
(o) Development of engineering safeguards against pressure vessel rupture; and

(d) Study of the effectiveness of contaimment, including experiments using
prototype plants which are to be closed dowm in the near future, e.g., the

Grosswelzheim power plant,

Additional work is carried out in radiation prctection and the envirommental effects

of energy conversion,
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11, While the need for nuclear energy is more obvious than ever before, there is
growing public concern about the utilization of nuclear energy in the Federal Republic
of Germany. Therefore, auvthorities and industry assign great importance to all
initiatives toward increasing public understanding of the need for nuclear energy,

NUCLEAR SHIP PROPULSION

)
12, Since it was launched in October 1968, the prototyne merchant vessel "Otto Hahn®
has completed approximately 75 voyajes covering more than 250 000 nautical miles.
BEncouraged by her excellent performance, the continvation and extension of the nuclear
ship propulsion programme is nroposed in the Fourth Wuclear Programme. Using a second
advanced core, the ?0tto Hahn® »nresently onerating as an ore freighter, provides further
experience for the~development of lsvgesr pressurized water ship reactors for ship

propulsion,

13, 4As a further step along the path towsrds the commercial application of nuclear ship
propulsion, complcte specifications are beinT worked out for the design and construction
of a large nuclear container vessel wilh a capacity of 60 CCO shaft horse power. As a
consequence of the rise in oil prices, increasing importance is-attridbuted fto the

application of nuclear power for ship- provulsion.

REACTOR DEVELOPMINT

High temperature rcactors

14, The development of the hish temperature reactor system is one of the most important
projects in the nuclear energy programme of the Federal Republic of Germany., The use

of high temperature reactors in nuclear power stations is considered a substantial
advantage as far as ecological and economic aspects are concerned, since the high

temperature reactor promises to become an economic heat source for indusirial processes,

15. A prototype high temperature reactor power plant (THTR 300) of 280 Mi(e) is under
construction at Schmehavsen in the Ruhr district, This tyﬁe of reactor is based on
development work carried out at the Jilich Research Centre (KPA) and applies the
pebble-bed principle, It is being constructed by Hochiemperatur-~Reaktorbau Gmbi (HRB).L

a subsidiary of BBC and CGeneral Atomic,

16. At present, utilities are considering ordering a high temperaiure reactor nower
plant of about 1100 I¥(e) within the next feu years, This power station, as offered by
HRB; will employ prisma-type fuel elements, The increased interest in the further
application of high temperature reactors is demonstrated by the establishment of an

additional company, *the Gesellschaft fiir Hochtemweratur—Reaitortechnik (GHT), as a

subsidiary of KU,
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17, For the development of single circuit HIR power plants using helium turbines in
direct loops; a so-—called HHT project is being carried out jointly by BBC; HRB; the
KP4, the Swiss BidgenOssisches Institut flr Reaktorforschung, the Nukem company and

the utility of the city of Oberhauzen.

18, Another project is aimed at the develooment of further applications of high
temperature reactors in industrial processes., In narticular, the conversion of fossil
fuels into gaseous enerzy carriers promises to be a technique suitable for industrial
processes and for transnortation systems which have to rely on direct consumption of
thermal energy. There are also strong arguments in favour of uging nuclear process
heat in steel production. The »nroject is carried ouwt by the KFA in co-operation with

the nuclear industiry.

Past breeder reactors

19. The focal point of the fast breeder reactor programme is the construction of a

300 M(e) prototype sodium—cooled FBR (SNR 300), The project is jointly financed by
Belgium; the Netherlands and the Federal Renublic of Germany —~ with a ratio of 15:15:70,
The SNR 300 is the larzest project under t@e Fourth Nuclear Programme, The total costs
will be approximately DIT 1700 million, not including additional developments in nuclear
research centrés, The nower station will be built by the Internationale Watrivm—
Brutreaktor-Baugesellschaft mbl which hag been fownded by Belgonucléaire, Interatom and
Neratoom., The owner and operator will be the Schnell-Briter-Kernkraftwerks—
gesellschaft mbH, the shares of which are held by three national utilities (RWE, SEP

md Synatom), Consiruction at Kalkar on thc Lower Rhine startsd in spring 1973.

20. TFurther development of the ligquid-metal fast breeder reactor concept; such as the
design of a 1000 to 2000 Mﬂ(e) FBR power plant, will rely on the experience gained by
constructing and operating the TR 300, It will be hased on extended European co-—
operation,; especially with France, Italy and the United Kingdom. A% present; the
utilities of these countries are plammning to order two fast breeder reactors of 1200 Mi(e)
each, Alternative solutions for the fast breeder are being sought in close co—operation
between industry and the research centres concerning other coolant systems such as steam

and gas, but only on a very moderate scale,
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TUEL CYCLE

21, The large—-scale wse of wnuclear pover in the Federal Renublic of Germany calls for
the development of all phases of the nuclear fuel coycle in accordance with economic and
ecological requirements, In this resnect, the “second nart® of the fuel cycle (re~
processing of irradiated Tuel and waste management) is zaining an importance comparable

to the supply of nuclear fuel,

Natvral vranivm gupnly

22, In order 1o secure a sufficient suponly of natural uranium at low and stable prices
for the near future, twe industrial companies in the Federal Republic of Germany pursue
activities in the field of wranium prosnection and exploration in various parts of the

world with govermmental supvort.

Uranium enrichment

23, The largest project urder the Tuel cycle programme is the development of the gas
wtra~cenirifuge process for uranium enrichment. This nrogramme is carried out jointly
by the United Kingdom, the Wetherlands and the Federal Republic of Germany; according
to the Treaty of Almelo, The international firms CENTEC and UREICO are responsible
for the further development of the technology and for the construction and operation of
future plants. Two prototype plants are uwder construction at Almelo and Capenhurst,

The first cascades have started operation.

f

24, According to the plang of URINCO, the capacity will be incrceased to 2000 tUSW/a in
1980 and to 10 000 tUSU/a in 1685 in order tc be eble to cover a major part of the demand
in Burope., Recently, the Federal Gecvermment has decided to secure; in co-operation with
industry the financing of the proposed capacity until 1602, Uith this decision, the

centrifuge technigue has now entered the stage of indusirial anplication,

25, ©On a relatively small basis, research on the separation nozzle technigue is being

carried out by the GIiK at Karlsruhe in co-operation with Steas,

Reprocessing

26, The interests of the major Buropean partners (HFL, United Kingdomj CEA, France; zmd
KEWA, Pederal Republic of Germany) are concentrated in a single company, United
Reprocessors (URG) Gmbll, URG wili male use of the existing plants as long as their
capacities are sufficient 1o serve the market, Within URG, KEUA has the option to build
the next large plant, vhich vill then become part of the pool, This plant, with an

annual capacity of 1500 t of svent UO? fuel, is expecied ¢ Dbe operatinz in 1904. Research
and development activities in the Federal Republic of Germany arc concentrated on the

improvement of eristing technologies, maling use of the prototype plant WAK at Karlsruhe.
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Radiocactive waste management

27. Finding a solution to the problems involved in the safe storage of radioactive
waste oroduced by nuclear reactors is one oi the prereguisites of the large-—scale
utilization of nuclear enersy. In the Federal Republic of Germany, the nuclear research
centres GSF, GIK and IFA are vorling on the most promising solubion to the problem.
Special attention is given to nrecesses Ffor the treatment of hishly radiocactive taste.
Prototyne plants for the calcination and vitrilication o1 hishly active waste solutions
are under construction at Karlsrvie. In addition, intensgive research is wder way to
study the ultimate storage of this maeterial, esvecially in sali mines., The salt mine
Asse II already serves as an experimental facility Tor the storage ol wastes of low

and intermediate activity. DTxperimental storage ol highly active waste is scheduled

for 1977. The exverience gained so far is highly promising.

Plutonium handling and recycling

20, As iarge amounts of nlutoniun will be nroduced in the future, research and
development are conducted in order to ensure sare handling of this material and o

allow a higher amount of vnlutonium 10 be used as Tuel in light water reactors.

Floy control of fissile maferial

29, ¥or the flov control of fissile material in 2ll sections of the fuel cycle,
effective and practicable systems are being {urther developed and tested in order to

Eal
-

meet the regquirements of the international safeguards systems, This work is focusod in

a special project at the GIX,

CONTROLLED THERMONUCLEAR FU

wm

T0M

30, With the growins size of the exnerimental devices reguired for abtempis to achieve
fusion conditions, nlasma physics research is concentrated in the Institut fiir Plasma-
physik at Mwmrich and IFA Jilich, Althovgh wost plasma fesearch 8till helongs to
fundamental science, work will also commence on technological problems of the fusion
reactor, As a basis for these investirabtions; & memorandum has been worked oul jointly

by several German nlasma nhysics research institutions.

31. A large part of plasma nhysics research is porformed in the relevant LURATQII

association, At present, a Joint Turonean Tokamak Fxperiment is vnder consideration,
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NUCLEAR RESEARCH ESTABLISHIENTS

32, At present; about 11 000 persons are ermloyed in the seven nuclear research
establishments in the Federal Republic of Germany. This number has remained almost

constant during the past few years,

33, Uith the main burden of the further development of nuclear technology shifting to
industry, the fields of activity of the research centres are varying and widening,
Efforts designed to maintain their scientilic capacity and to diversify the activities

carried out have yielded the Tirst results.

34, The GfX at Karlsruhe, which wias formerly engaged mainly in the development of the
fast breeder, is now focusing on the problems of reprocessinz techniques and radio-—
active waste management, as well as safeguvarding and the physical protection of fissile

material,

35. The KI'A at JWlich has used its linls with coal technology; developed during the
work on the high-temperature reactor; to further engagze in research and development work
on fossil sources of enrergy, ranging from coal gasification to oil exploration

techniques.

36. The Gesellschaft fir Kernenergieveruertung in Schiffbau wnd Schiiffahrt at
Geesthacht, while concentrating on nuclear ship propulsion, also works on different

marine technologies.

37« In the other research establishments, this process of diversification, however,
has not yet started; either because of the fact that possible applications are far ahead

€.8. in plasma physics, or because they are working in the field of pure research,

PURE RESEARCH

38, As already indicated, a considerable amount of the budget for nuclear research and
development is still being spent on pure research. This scientific work is mainly
conducted in connection with large experimental facilities which are, in general; owned

and operated by the nuclear research establishments,

39, At present, there are no nlans for the construction of new facilities, such as
accelerators., By means of the reorganization of scientific co-operation, the Federal
Government has ensured that best use be made of the existing facilities for all sectors

of scientific work,
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Higheenergy ohysics

40, At the German EBlectron Synchrotron DESY at Hamburg, construction on the electron-—
positron storage rirgzs YDORIS! has been completed, This facility allows collision
between electrons and nositrons of 3 CGeV each, Other high ener:y electron accelerators

are operating at the universities of Bonn (2,3 GeV) and llainz (500 HeV)°

41, A number of high-energy physics research teams is making use of the facilities of

CERN in order to nrepare experiments at the large CERN II accelerator,

Heavy ion and nuclear physics

42, Construction of the UNILAC heavy ion accelerator of the Gesellschaft fiir
Schwerionenforschung at Darmstadt is progressing satisfactorily. The machine is

expected to start operation at the beginmming of 1975,

A3. At the Hahn-lieitner-Institut in Berlin, construction of a heavy ion accelerating
cyclotron,; of mediuvm size, combined with an existing Van de Graaff accelerator; is

under way.

Solid state physics

44, The two large laboratories devoted to solid state vhysics at Jllich and Stuttgart

are operating at their full capacity.

INTERNATIONAL CO-OPERATION

45, As already pointed out in the vwrecedins paragraphs, an important part of the
nuclear activities is pursued in close international co-—operation, This holds true
in particular for the large projects; e.s. the fast breeder prototype, the centrifuge

enrichment technology and high-energy physics research.

A6, The current energy problems have led to fresh initiatives to intensify international
co-operation in existing programmes and also to extend this co-—operation to new national
programmes on ehergy research and development., The Federal Republic of Germany is

articipating actively in these efforis.
P 1Y






