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U.S, nuclear energy policy
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puclear explosive. Despite the facl that great progress hag
peen made in developing international institutions =~ both
for development and dissemination of the benefits of nuclear
epnergy in the IARA, and for controls over the dangerous
aspects of the fuel cycle in the Treaty on the Nonprolifera-
tion of Nuclear Weapons -- problems in controlling access to
plutonium remain. f ‘
\ .

Tt is worth recalling thét fundamental to the NPT ave,
firsl, that nations agree to foreswear nuclear explosives
and, second, that they submit to a technical protective
regime to back up these assurances. This latter requjyenmnt
is @ reflection of the practical reality that the widespread
use of nuclear energy is compatible with world security only
if these civilian developments$s are Subject to a strict,
commonly agreed-to discipline. It has been translated into
what is, in effect, an international alarm system operated
by the International Atomic Energy Agency, and based on
international inspections. If such a system is to be
effective in deterring possible wrong-doing it must provide
warning in time for the international community to act =--
that is, well before civilian materials can be transferred
to military uses, ‘ ‘

Where only reactors and their low~enrichment fuel are
concerned . this international inspection gystem works reasonably
well; it takes months or years to make illicit use of
diverted civilian fuel because the plutonium locked in spent
fuel is still many complex and time-consuming steps from use
as a nuclear explosive. i

The situation is radically different where separated
plutonium is involved. Once stockpiled, as the International
Atomic Energy Agency has recently acknowledged, plutonium is
vulnerable to seizure and translation into weapons within a
matter of days. And, let me stress what we are concerned
about here is not the exploitation of measurement inaccuracies
to conceal theft but the possible wholesale appropriation by
national governments so suddenly as Lo leave no opportunity
for warning and international reaction. No awount of technical
safequards demonstration will alter this Ffact. Nevertheless,
becavse it presents us with a 'dilemma, we struggle to escape
this conclusion.
: . |
It has been argued, for éxample, that there are effective
technological barriers because plutonium from civilian power
reactors is unsultable for military explosives. This is not
true, unfortunately. There is no way around the fact thalt a
country with a stock of separated plutonium is a country

|
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with a stock of nuclear explosive material, which differs
only in form, geometry, and associated gadgetry from actual
explosive devices. A

|

The alarm CVDLOSSGﬁ over thig past year in the United

States and the consequent desire to forestall national
stockpiling of plutonium, wmay have come too IaLe. But there

\

should be no mistaking the national will to make still
amobher attemplt to impose some international discipline on a
dangerously unstable situation.

The October decision to dolay r@proccsalnq in the U.S.
was one important move in that direction. It was intended,
without prejudice to the future of nuclear energy, to put a
hold on a premature commitment to piutonium -~ in other
words, to koop our technical option open. Let us congider
how this decigion affects the OPerdtJon of the pregent
qen@ratjon of reactors, pavticularly in relation to fuel

resources, and how much it altors our approach to waste
nmuagem@nt problewms.

LIGHT WATER REACTORS AND REPROCES ING IN THF UNTTED UTATES

Tt is often argued that reprocessing is “SQOHLWdl to
any genuinely economical use of light water reactor Luel,
since it permits further extraction of energy from the
plutonium and uranium in its spent fuel. For the first time
we are reexamining this proposition, along with its constant
companion =~-= the idea that the most efficient and safest way
to dispose of spent fuel is to reprocess it as quickly as
possible. ' ‘ 3

|

We are discovering that the economic usefulness of
Light water reactors is affected only marglndlty by the
recycling of the spent' fuel. And in any case, the plutonium
and uranium locked inside it can be mined wh@nwver it is
wanted. As for reprocessing as the best mea for disposing
of spent fuel, we are finding the answer, in fm"m" of safety,
CO%tJ, cgmparul1vo volumes of waste qunorated by plutonium

tilization, is 1095 obvious thqniWQ thought.
|

Much of our current hincjﬂg on this subject is being

stinmulated by a public proceeding before the NRC which was
Anitiated in 1974 to decide whether reprocessing and wide-
Scale recycle of plutonium in light water reactors should be
pPermitted, and 1f so under what rules. I should say paren-
thetically that this examination is still going forward
ipite the October 1976 decigion to defer reprocess an.
while the question of whetherito reprocess or nol is

»
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eventually be found acceptable, these plants ave most likely
to perform the first commercial-scale geparation in the U.S,
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11 has been shown that thoe spacing bebween PR assoemblios
in soent fuel pools can be safely voducod so as to double
Che nonber of asgscmblios that can be stored in a given apoa.
A throe-fold cupansion can boe achicved by using noubiron
pPOL “f;ot"an materials for racking PWR assemblics; such materials
ass tainless steal, and stainless steel or aluminum wilth
z\dcwd boron arce sultable. This Last noethod is used for
consbruction of replacemant umc,k S in BWRs, sincoe heroe the
original spacing was as Cclos as can be safely acceptod.

Intevestingly, the addition of racks and moce fusl
assenblios docs not signilficantly strain bthe ability of an
swlsting facility to meet the seilswic reyulrenents; the
major load which aflife che seiswmico capability ol a storace
pool is the weilght of tho water.

Replacing racks which hve Dued already otored dn thon
mres b bhe carrded onl underwaior, sioce the Luet must bhoe
shieldoed and umhd at. all times. ALL stored fuel ia moved
to racks on one side ()Jf Tthe pool. 'The vacatod
renovaed, and replaced ih the new racks. The iy moved
back to the new uu'ks. he underwater work is norml )y
acconplished using remote tools Ffor culbbting and handliog
although divers can be used 1f necessavy.

The overall adequacy of swent fuel storage over the
next ten ye: is currently under f';iw’t('lv by our stalf. 'This
spring wa will issue a dvalt envivonuental iwpoct statement
ont handling, shipping, and storing the ‘e::ut fuel oabput
expected between now and 1985, There ig no reason to think
that once currvent storage is expanded to wmaxinum safe capacilty,
it will not be entirely adequate.

M)

',(.‘1'1«5:1‘@ are sul Ewunl 1mpommr';’:bf],.o:s in tha fubare
reprocessing to suggast lngenay plans for cont
intorim stovage aftor 128% are in ordaern. Two thingsy
neceggsary if we are to be prepared for the possibilivy.
we nust have confidence that it i1s safe to lot spent
asgawblies remaln in storage for paciods beyvond the ten
vears or so for which we have had satlsfactory axpsvionco.
Ewpert opinion seenms to be in general agreement that storage
would be safe for longer per ;Loc'..u , but further study is
neaded, Sec cmd, it will be necessary tl mbm antial
increments to storage capacity lw made availe 1 dnterim
storage 1s to continue alter 1985, L)v which pansion
Of capacity of existing pools at reactor site hlave bhaen
pushed to the Limit.
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CONCLUSION

What does all this mean to the U.S. and Japan, both
among the largest producers of nuclear energy in the world?
1 am, of course, aware of Japan's own concern in this matter
and its relationship to the transfer of U.S.-supplied spent
fuel for reprocessing abroad. We recently received a visit
from some of your utility colleagues pleading the urgency
for a clarification,of U.S. policy because of the spent Tfuel
storage situation at Japanese power plants. And of course
beyond that, I know you are concerned that programs entailing
large investments over a porlod of vears, partxcularly for
reprocessing, may be placed in Jjeopardy.

There are many similarities in—our situations. There
are important differences as well, and these have to do with
our ralative dependence on this new energy source. But we
arc both dealing with the consolidation and improvement off
established technologies, and our immediate problems have to
do with how to make nuclear power safer, more reliable and
more economical, as well as with the problem of how to
" manage its radiocactive wastes.

Getting electricity out of light water reactors is in
itself useful and important; increasing dependence on this
resource offers many advantages. A headlong pursuit of
technologies which may if successful realize the dream of
energy independence should not lead us to discount the
energy security we enjoy right now. Nuclear power has
always suffered from this future orientation. Now, however,
the stakes are getting too high and the commitment goes too
deep to allow research and development enthusiasts, for whom
the present has little value or interest, and for whom
security questions are remote, to make the basic decisions
about the future applications of nuclear energy. In the
United States we see the decision to proceed with reprocessing
as critical, and suspect we are collectively not yet quite
ready to cope with the consequences. We have decided it is
wiser to keep our options open. We have concluded there is
no great penalty attached to deferring our own widescale
reprocessing and use of plutonium; we believe this is true
for other countries as well.

The American public sees the essential dilemma as one
of the highest philosophical significance, poised as it is
between fear of nuclear war on the one hand and the tantalizing
prospect of an almost unlimited enerqgy resource and self-
sufficiency on the other. Whatever choice is made in the
end will require an awesome weighing of advantages and
disadvantages.
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We are acutely aware of how much the Japanese economy
has riding on its investment in nuclear power. It is this
awareness, combined with the importance of Japan to world
stability, that provides a powerful incentive to our two
nations to take the lead in restraint. There is no reason
why we should not consider joining together in some scheme
aimed at developing a model for technological and political
solutions to the problems of nuclear proliferation and safe
utilization of nuclear power. Such a collaboration is
possible if we keep our options open; once the commitment to
widescale reprocessing is made any chance for serious
investigation of new ideas or alternate technologies,will
have been prejudiced, along with any realistic possibility
of foreclosing the nuclear weapons option among many of
our neighbors. -



Conference by M. TEILLAC
S -
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France's Nuclear Power Policy

R N SN I NI I IR T D R I I iT e

1 - France's energy requirements and the need to use nuclear energy

The main motivations behind France's nuclear power policy are its

energy repirements compared with itg resources.

Qur country, like Japan, is poor in fossil fuel resources. It has
little coal and, unlegs off-shore resources are found, practically
no petroleum. Its hydroelectric power has practically all been
harnessed. Its remarkable development during the past 20 years was
based on the use of imported petroleum. However, the 1973 crisis
emphasized dramatically the political and economic limits of these

imports.

On the other hand, France has substantial uranium reserves in its
soil. From the outset, it was quite aware of the adequation of
nuclear techniques to its general situation as a highly developed
intermediate power : advanced technologies resulting from its high
scientific and industrial level, existence of national uranium
resources, small tonnages involved for storage as well as for wastes,
and so forth. France thus initiated extensive research, development

and industrialization efforts which are now beginning' to bear fruit.

Figure | shows the trends in total French power consumption from
1956 to 1975, and the corresponding share between the primary ener—
gy sources. This shows an accelerated rise in petroleum imports
until 1973, reaching over 60 percent in 1973, with total imports

of approximately 70 percent., The slight improvement between 1973
and 1975 is due essentially to the reduction in consumption due

partly to the economic crisis and partly to energy savings.
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In 1976, consumption was 165M TOE and the French Plan authorities
set the 1985 forecasts at'232M TOE plus an economic variation
allowance of 30M TOE, representing a multiplication factor of the
order of 1,5 from 1976 to 1985. The forecast growth is less rapid
than during the preceding decades. It is nevertheless steady.
Without resorting to nuclear power, it would lead to a correspon-
ding increase in imports, with all their political and economic

implications.

Thus, as regards France, and unlike neighbouring countries such as
Germany and England which both have vast coal reserves (and off~
shore petrolem reserves in the case of England), the use of nuclear

power is an absolute necessity,

The projected breakdown between the various sources of energy is

given in figure 2.

The main economic factors are the effect on the trade balance of
imports paid in foreign currency, and the cost of the kWh., It was
toward 1970 that the cost of the kWh of nuclear origin became
competitive with that of the kWh of conventional origin and, at
that time, short, medium and long-term prospects combined to support
the present nuclear programme. Following events in the Middle East,
‘the ratio of prices dropped until 1974, reaching practically 1/2,

It then rose again to about 2/3 in 1976, Figure 3 shows this evo-
lution. The reasons for this are the greater incidence of the eco~
nomic crisis on advanced techniques, the strengthened safety re~
quirements, and the taking into account of some marginal expendi-
tures hitherto neglected. These prices may be expected from now

on to follow roughly parallel tracks. The fact that uranium accounts
for only 15 percent of the cost of the nuclear kWh, while fossil
fuels account for 65 percent of the cost of the conventional kWh,
makes the former much less sensitive to variations in the cost of

raw matrials.
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I think it is necessary to emphasize this point : it is not only
because it is a solution for the future, nor because it allows a
currency saving, but because it is less costly, that nuclear power
is called for.And, incidentally, allowing for all local factors, I
believe that this should be an important consideration when con-

templating the use of nuclear power in developing countries.

IT = French nuclear reactor programme

The present quantitative programme is based upon pressurized light-
water reactors built by the company Framatome for the French Elec~-
tricity Board. Since 1974, all new steam generation investments
initiated by the Electricity Board have been for nuclear plants.
This principle is not affected by the few downward revision which
were made in 1975 and 1976 ~ with respect to 1974 forecasts;these
are only the result of downward trends (which may be reversed) in
the evaluation of power requirements for 1985 and, in no case,
involve the replacement of a nuclear power plant project by a con-

ventional one.

Figure 4 shows the achievements already made and the present pro=-

gramme.,

There was much discussion about the change—over, decided upon in
1970, from the natural~uranium, graphite-moderated, gas-cooled
technique initiated in the 1950s, to the enriched-uranium, light=-
water technique. In fact, the discussion is a mute one. France was
right to initiate the first technique. At that time, it could not
do otherwise. It was the source of France's military power and of
its capability in nuclear-power technology. Moreover, these plants
were quite successful from the technical viewpoint. However, France
was also right, even beyon! technical and economic motivatioms, to
switch to the second technique widely used today and with which it
was fully familiar as a result of the experience acquired by the
French Atomic Energy Commission in the field of naval propulsion

reactors using the same principlés.:.
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In the longer term, France is very sensitive to pressures which
will not fail to appear by the end of the century on the natural-
uranium market because of the limited world reserves. In fact,
comfortable
while its national reserves place it in a position rather/as com=
pared to its petroleum dependency, they nevertheless do not give
it self-sufficiency. It thus attaches great importance to the de-
velopment of fast-neutron breeder reactors which make it possible
to enhance by a factor of about 50 the energy potential of uranium,
and so to delay beyond reasonable human forecasts the threat of

uranium shortage. A very consistent policy has been conducted with

respect to the development of this type of reactor :

- The Rapsodie 25 MW experimental reactor, subsequently upgraded to
40 MW, reached criticality in 1967. It made it possible to test
the basic techniques., It is still in operation and constitutes a

precious test bench for fuels and materials,

- The Phenix 250 MWe demounstration reactor, connected to the power
network, reached criticality in 1973 and full power early in 1974,
Its average load factor during two years of operation was 69 per=-

cent, which is remarkable for an installation of this type.

It was shut down in October 1976 following a failure in its primary
" heat exchangers. This failure does not in any way call into ques=
tion the principles of the reactor. Quite the contrary, it allowed
to test the possibility of maintenance operations on equipment im=~
mersed in the reactor vessel. These operations went off very

smoothly. It is expected to go back to power soon.

- Finally, the SuperPhenix 1200 MWe industrial prototype was orde=-
red at the ‘end of 1976 by the company NERSA which will be opera-

ting it and which I shall speak of later on. Plant commissioning
is scheduled for 1982.

SuperPhenix will usher in a serie of industrial reactors which

should develop in the 1980°s,
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Toward the year 2000, breeder-based power could be of the order of
20 to 30 percent of the total installed electric power, itself
essentially of nuclear origin. This will entail much less definite
forecasts than those which guided our programmes until 1985. Figu-
re 5 shows a likely rate of breeder reactor introduction in France.
Figure 6 indicates, over a longer period, the annual and cumulated
consumption of natural uranium in the extreme hypothesis, very aca-
demical indeed, where thebreedrs' introduction rate is limited only
by plutonium production by thermal reactors and breeders themselves.
Cumulated consumption begins to saturate around the year 2020, The
operation of a slow-neutron plant involves the discharge from en-
richment plants of a sufficient amount of depleted uraniumevery year
to allow the operation of a breeder of the same power for over 50
years § the reserves accumulated in this form will then be encormous.
In fact, from the outset, breeder reactors are not affected by‘the

problem of natural uranium.

We are also interested in the use of nuclear power for applications

other than electricity, and also in other types of reactors.

The use of nuclear heat in industry or for residential heating can
represent a very important source of fossil fuel economy. This heat
can be produced by the electric power reactors themselves but also

by smaller, specialized reactors adapted to market conditions.

We are developing two reactors of this type, one derived from naval
propulsion reaétors and capable of furnishing heat within the range
from 200 to 300°C, the other derived from experimental reactors of

the swimming=-pool type capable of furnishing heat within the 100 to

120°C temperature range.

Naval propulsion is also one of our goals. We have developed a reac-
tor suitable for ship propulsion in general : the CAP (chaudiére
avancée prototype), derived from the reactor developed for nuclear
submarines. This reactor is the forerunner of the serie CAS {chau-
diére avancée de série). May T quote the licence agreewmentwith IHI

in that field.
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This reactor moreover has a universal application within the me~-
dium power range from 300 to 1000 MWth and it is the one I mentioned

earlier in speaking about heat generating reactors,

At last, France 1s also interested in high-temperature reactors
which are the only ones tapable of furnishing heat at the high tem-
peratures necessary for certain industrial applications. A few
years ago an agreement was signed for their design and development
between the CEA and General Atomic in the United States. In spite
of the problems encountered with this type of reactor ., $tudies are

being pursued.

All of this has called for the set~up of an industrial structure in

which the main guidelines are :

-~ Concentration of industrial rescurces on a small number of compa-
nies capable to stand on the national as well as the internatio-

nal level.

~ Coordination of the action of these companies within the national

nuclear policy by the CEA holding shares in their capital.
Figure 7 outlines this organization.

For the large enriched-uranium, light-water reactors, the builder

is the company Framatome which makes these reactors under Westing-
house (United States) license. It would have been incongruous that
French experience, acquired with this type of power plant through
the naval propulsion reactor, should not lead to national applica-
tions while a French industrial group built the same type of reac~
tor under license. The question was solved by CEA taking a share in
Framatome. Moreover, a quadripartite research and development agree=
ment was signed by EDF, Framatome, Westinghouse and CEA. Upon its
expiry in 1982, the license will be transformed into and association
agreement, as both partners will have reached an equivalent level in’"

knowledge and experience.
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In the breeder fie ld, in France we are quite familiar with the dif-
ficulty of the transition from technical successes such as Rapsodie
and Phenix to industrial and commercial operations within the
context of world competition. Thus, the development of Superphenix
was extented to the European level and the company ordering it,
NERSA,associates EDF with Italian and German electric power utility
firms. Its construction was entrusted to the company Novatome, the
counterpart of Framatome for advanced reactors, in which CEA holds

a.: substantial share.

As for the following reactors, a close cooperation has been set up
between France and Germany for research and development as well as
for industrialisation.As a matter of fact, it is a joint system so-

ciety which will deal with the other countries.

Research agreements on breeder reactors, in particular as concerns

their safety, have also been signed with the United States.
Novatome is moreover in charge of high-temperature reactors.

Finally, it is the company Technicatome, in which CEA has a 90-
percent interest and EDF a l0-percent interest, which is in charge
of the design of small- and medium-power reactors. Those will be

'built and commercialised by the Alsthom-Atlantique industrial group.

I1T = Fuel czcle

Present French policy regarding the fuel cycle has, for its part,

been dominated by three main criteria

- Being present at all stages of the fuel cycle and, to achieve

this, refusing anay de facto wmonopoly.

- Making the most of the efforts expended in the past both as re-
gards graphite-gas fuels as well as the set-up of the Pierrelatte

iw

enrichment plant,
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- Associate, within the fuel-cycle industry, some private interests,
national or foreign, willing to cooperate to the CEA group- pla-

ced under state control.

Considering the interactions between the different stages of the
fuel cycle, it was found necessary for them to be grouped within
one organization. To allow flexible adaptation to changes in the
international market, this organization should have a private-law
status. Accordingly, in 1976, the CEA created,with its own person-
nel resources and installations formerly assigned to the fuel cycle,
a private-law subsidiary, the Compagnie Générale des Matiéres Nu-

cléaires (COGEMA) in which it holds all the capital,

As regards natural uranium, our position is good. We are pursuing

our prospecting in France and in French=-speaking Africa but also in
Indonesia, Australia, Canada and even in the United States. In the
field of production, the goal is to increase the output from exis-
ting mines and to open new ones. Private industry is taking part in
this effort, to the extent of about 10 percent, and 1 would iike to
mention here the Japanese holding in the company Cominak which ope=-
rates the Akouta mines in Nigeria, and the joint venture in prospec=-

ting the Afasto West area.

In a fairly tight future world market, COGEMA has set the goal of
being able to cover by 1985 at least the strict requivements of the
national programme. The contribution of private producers should

thus keep us in an exporting position.

Uranium enrichment will be carried out in Europe by the Tricastin

plant whose production will begin in 1979. This plant is built by
Eurodif whose capital is shared between France, Italy, Belgium and

Spain, as well as Iran through the French-Iranian company Sofidif.

Its capacity of 10,7 millions SWU per year will allow it to supply
about 80 power plants of 1 000 MWe, Its production will be distyi-
buted mainly among the Eurodif share-holders, but a sizeable part

will be commercialized in other countries. In particular, Japanese
;gtélitiqs have signed contracts amounting to about 1 million of SWU

per year.
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Burodif capacity is now fully booked up to 1990. Long before
will Electricité de France requirements have outgrown the

French share of Burodif separative work, as shown on Figure 8e

We have then decided, together with the same partners grouped
inside a new company named Coredif, to launch a second plant

which should begin production around 1983

The capacities of this new plant are not yet fully covered by
contracts, but the rythm of orders makes one think that they

will be s0 rather soon.

Finally, reprocessing is the third essential element of the fuel
cycle. Although there is some discussion at the present time as to
this matter, we think it is necessary to reprocess, for economic an
safety reasons. It is obviously a necessity for breeder reactors
but, even outside of this indisputable case, we do not feel that it
is reasonable to consider storing wastey from the plants under such

a complex form as are irradiated fuel elements.

We are converting the La Hague plant, initially designed to process
fuels from graphite~gaz reactors, for the processing of water—- reac-

tor fuels.

The first rum on light water fuel elements began on mid-1976. It
was normally carried out. Taking into account our lengthy previous
experience in reprocessing metallic fuels, while keeping very care-

ful during this first stage, we are confident for the future.

The plant capacity will be raised to 800 tonnes/year around 1980
and then increased as shown on figure 9. The expected growth in
capacity remains higher than national requirements, so that the

margin allows us to reprocess to order for foreign clients, among

which Japan would be in a good position.

We have also processed in an experimental form fast-neutron reactor
fuels irradiated to a level of 100,000 Mwj/t. The industrial pro=-

cessing installations are under study.



I think I should stress the controversial question of effluents

wastes.,

In fact, effluents are presently quite limited and this is becoming
increasingly recognized even by the opponents to nuclear energy.
This situation should not be allowed to deteriorate as a result of
the multiplication of nuclear power plants. Essentially, what will
be involved is stopping the gaseous products of average life, which
are presently discharged without danger to the environment. Solutbns

are being developped and will be ready fully in time.

Similarly, for the storage of radicactive waste, present means are
satisfactory in the short and medium term and may be scaled up as

required by new needs.

The long lived products storage has for long years been the sub-
ject of extensive studies, which take place within a very active

international collaboration. Actually we already master long term
conditioning techniques which we think good, for instance the vi-
trification process., It allows for the first time to implement on

industrial level the I A E A recommandation to solidify wastes.

We think necessary to let emerge, during the coming years, the

very long term solutions which will meet a general consensus.

The french policy is then, on a general ground :

- to store with present techniques but always in a reversible man-
ner so as to be able to reclaim the products when a final tech-

nique is adopted ;

- to pursue, in liaison with international organizations, the stu-

dies for defining these techniques.

IV ~ Research and development

All this industrial activity has to be backed by a research and de-
velopment policy ranging from the technical support of installations‘

to the preparation of future evolutions,
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These studies are part of the mission of the CEA. It carries them
out with its own means but also, to the extent possible, in asso-
ciation with industry or with forcign partners.

and
Figure 10 reckons the research/development activities of CEA in

1977 in the fields of reactors, fuel cycle and safety.
I shall mention but a few of these activities.

For light water reactors, I already indicated earlier the four-
party agreement we have signed. The studies are aimed at further
improving the reliability of components and, finally, the availa-
bility and profitabily of installations. They are carried out in
the area of fuel performance, stresses, vibrations, double=~phase

liquid flow, checking of vessels and primary circuits, etc...

For fast-neutron reactorg,similar studies are conducted on fuels,
materials and structures but also on the main characteristics of
these reactors, doubling time, plutonium cycle, which, in time, will

be decisive elements for the introduction of this type of reactor.

Considerable attention is given to safety and to environment studies.
Let me mention the work relative to the loss of coolant accident
.in light water reactors, and that on core melting accident in bree-
ders. A high standard of safety is indispensable for the develop-
ment of nuclear power., Any human activity calls for a certain level
of risk and there is no totally harmless source of energy. But
precisely, the development of nuclear techniques has been accompa-
nied by unprecedented efforts in the field of their safety. It is
necessary to continue these efforts which are already contributing

spinoffs in other technical areas.

As regards the future, I should not like to overlook the efforts we
are making in the field of controlled fusion. This is being done
within the framework of Euratom. The Fontenay~aux—Roses Centre has
a Tokomak of international class and France is participating in the
European project JET (Joint European Torus) which is presently under

discussion.

o L4

Based upon a high—quality technique, which is the outgrowth of

persevering work carried out for 30 years, French policy is thus
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aimed at making full use of the exceptional opportunitieé offered
by nuclear power, from the energy standpoint as well as the indus-
trial standpoint, by ensuring the development of this new form of

energy under the best conditions of safety and efficiency.

An objective mind cannot help but be astronished by the hargb“
criticism under which this technique with indispuﬁsable qualities
has fallen, precisely at a moment when needs appear that it is ca-
pable of satisfying. In fact, an analysis of this opposition ap-
pears to show that it exploits the diffuge concern of modern man

in the face of industrial development itself, which he feels can-
not be indefinitely pursued. We should bear this concern in mind
but must state clearly that the opposition is confusing its target
when it aims at a téchnique having one of the lowest detrimental
levels. In fact, if one takes a look at the difference between the
regulatory limits of doses and the first medical effects, or at the
probability of accidents with respect to their seriousness, nuclear
energy is one or two orders of magnitude safer than most other

techniques.

On the other hand, on the world level, this development raises the

problem of non-proliferation.

I should simply like to point out, in this area, the principles of
French policy as defined by the High Counsel on Foreign Nuclear

Policy (Conseil Supérieur de Politique Nucl@aire Extérieure).

I - For certain countries, nuclear energy represents a competitive
source of energy nccessary for their development. France is
thus ready to countribute to the implementation of its peaceful

applications,

2 - France intends to retain control of its nuclear export policy,

in compliance with its international commitments in this respect.

3 - France will not favour the proliferation of nuclear weapons.
In its nuclear export policy, it will strengthen the arrange-
ments and appropriate guarantees with regard to equipment,

materials and technologies.

4 - France will ensure the dependability of nuclear fuel supplies
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for power stations it furnishes and will comply with the legitimate
needs for the acquisition of technology. It will also provide the
fuel-cycle services requested of it. It is ready to examine, with
interested parties, any bilateral or multilateral agreements ca-

pable of guaranteeing these results.

5 =The French goverment considers it indispensable that all suppliers
of nuclear equipment, materials or technologies should avoid pro-
moting the proliferation of nuclear weapons by commercial compe-

tition

6 ~It is ready to discuss these problems, with supplying countries as
" well as swith non-supplying countries engaged in substantial nuclear

power programmes.
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FRENCH NUCLEAR POWER PLANTS (MWe)
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CEA'S R&D BUDGET FOR 1977

in millions french francs (MF)
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THE ITALIAN ENERGY SITUATION AND THE ROLE QOF NUCLEAR POWER

Giargio Speri

1. &lectricPower Generation-in ltaly, =

1. 1 Present state and prospective developments

Even though the rate of the electricity demand growth in Italy has--
slackened a little in these past years, the peak power demand, that is,
the "'maximum load'" has continued to go up, as can be seen in Fig:=i 21 T e diade

1( ) This trend is very important from the standpoint of planning new plants,

bgcause the power demand determines the gize of the gencratmg plant

oY wxncﬁp@g«mvabl&e that the exponential trend with a growth rate of about a

_Joubling every ten years will continue indefinitely.

T/"&"““’ In this connection, a distinction should bg made among the various
countries on the basis of the|per-capita electricity consumption; for
_instance, the consumption in Italy is low as compared to other }“‘umpean
countries. In fagp in 1974 the per- caplta consumption waswl 5&!3 kWh
in Germany,/ 4 205 'kWh in England, 3 856; 1>W1’1 in Belgium, (3 299 kah
in Franc‘“, and only 2, 375 kWh in Italy Lroken down as follows: 3 OSSf

in Northern Italy,( ﬁ 880 m Central Italy andgl 509.in Southern Italy.
The difference would be even greater when compared to countries out-
side the European Community,

From the standpoints of g‘rediwgfc,,mg the electricity requirements and

principle, any excess in generating capacity would be temporary and its
cost would be contained within reasonable limits, It is much more dif-
ficult to assess the cost of an inadequate supply of electricity. Further-
more, the power generation development programs fozﬂ__mtﬁb_g_,ng:ornir}g‘yeam’
are based essentially on nucliear plants, and by meeting the demand witn
the largest possible recourse to nuclear generation it would be possible

o alleviate the balance of payments, Ab px‘esém. the cost per kWh of



fuel oll is over 20 mills (18 lire) versus 5 mills (4.50 lire) of nuclear fuel,
which means that for every 1000«1\«I\,&/’;ﬁ"‘unit in the network today the disburse-
_ment of foreign currency would be reduced by some 100 million dollars
{nearly-80-biltiontire) a year, Even if the cost of nuclear fuel should inw

crease, there is ample margin for nuclear power to be at an advantage

over thermal power,
I shail nuw illustrate the Sources currently used in Italy fox power

generation and the _ggggggg\ifﬂp"mspects of development based on the trends.

Sll&" of these past years (I-?‘ig.x\‘;z).
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The. most abundant energy source in [taly in the past was the water
resource, Up to_»_“ty\ﬁex}py:f‘,iy.ek‘,,,y,e.a,xis,«Aaggwxi,erarly all the country's energy
requirements were covered py this source, Today, it hardly meets 30%
of the demand, and new sites that are acceptable from the technical,
economic and environmental standpoints are practically nil. Rugardless
of economic considerations, the residual "natural" produyction potential

is on_the order of 10 billion kWh a year. This is but a small percentage

of the energy requirement, which reached 160 billion kWh in 1976, but
it corresponds to over 2.3 million tons of fuel oil or about 200 million
Us dollars a year at the present. prices (1), and this is not a negligible
amount 1from the standpoint of the balance of payments,

The activities in our country in the area of hydro plant construction
are directed mainly towards pumped«sﬁorag@: stations. Because of its .
size and characteristics, thistype of station has played and will continue
to play an iz;creasingiy important role for the so-called “modulation
of the load diagram". |

To cover the peaks in the load diagram, recourse is also had to gas
turbine units, which [ shall speak of later on.

The purpoge of pumped-storage stationsisto transfer surplus supplies
of thermal, and especially nuclear, energyrom low-load periods. (nights
and holidays) to peak-load periods. This function is clearly illustrated

in the diagram in Fig. 3, which relates to the winter peak in 1975.

of 1200 mxlllon dollars e



Table 1 gives the total capacity of ENEL's hydro plants in operation:

or planned,

TaBLE 1 ( Shidk 4)

ENFL'S HYDROELECTRIC POWER STATIONS R
Capabilit (1) Average yearly
STATIONS (k“I; X 10% producibility
" ‘ ‘ (kWh x 106)
In operation in 1975 11,803 34, 684
{ . .
; (pumped-storage) ~{ 3,000) .
i Under construction or A
 planned at end-1975 5,537 / . 1,467 . 1
: ¢ . o . ;:‘
g'(pumped-storag.e) . { 5,200) ' ’
1 . ! X
. Not built because of
' difficulties in permit , P
} issuance - | 932 o 1,148 -
5 With promising eco- o o
nomic prospects 15,157 . 3,200
v {(pumped-storage) (13, 400) |
| Mainly for potable |
| water and land irriga-. ,
i‘ tion uses : 559 , 1,144
z ® N !
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It is worth while pointing out the pre-eminence of the exigting or
gscheduled Italian pumped-storage stations in the European Community

and in the world. Of these, I shall mention the Roncovalgrande station

with a capacity of nearly one million kilowatts @FEEg=j, the Upper Gesso -

station (Fig=5) for which use was made of a tunnelling machine with a

3.m-dia. cutter {(EEZH5), and the Brasimone station (Eig=t) which uses

150- MW mronostagé reversible units. (
\

Ov aim,a'& AGoon
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Another national source of primary enéx*gy, to which ENEL has

always given special attention, is the geothérmal resource, Our Country
is in the vgnguard as regards prospection and utilization of hot steam
wellgs it will suffice to say that ENEL's geothermal output, though only
2.3% of the .total output, is over one third of the world's geother-
mal output,

| Following the development of more advanced exploration techniques,
ENEL extended their research to areas that had no surface manifestation
and an additional producibility of about 250 million kWh a year has been
developed, In the Larderello area, thanks to the new exploratory cam-
paigns, to the increased depth of the drilling (down to 2900 meters), to
the technological improvement and enlargement of the stations, it has
been possible to make up for the natural decline in productivity. I_Eimgcfa

arrd~9: show the Larderello - 3 geothermal power station,

When the oil crisis broke out and urged several countries to under-

take geothermal prospections, [taly was already heavily engaged in this

sector. The research for new ressurces is concentrated in the belt along

the foot of the Apennines from Tuscany fo Campania, This belt, where

the Travale-Radicondoli area in which it is very recent news that a new well



has been found at a depth of 950 m. To exploit the flowrate of this

well, which is 150 tond/h, two 15-MW unitg are being manufactured by the
[talian industry and will be ready m a relatively short time. The total
capacity installed in this area will thus rise to 50 MW with a yearly output

of some 400 milion kWh,

Because of ENEL's experience and expertise in the prospection and

§ u‘tilization of geothermal energy, their services have been sought by other

i - countries (Iran, Venezuela and Greece) with whom ENEL renders assistance
. and consulting services. A cooperation agreement has also been entered
into with the Energy Research and Development Administration of the

s United States,

No less challenging will be the efforts in the future. The nature of

the geothermal source, which oi*igi..nates from the heat emanated by the
magmaﬁic basing deep in the earth, does not, however, allow reliable
predictions to be made on the possible contributions from this source,
even though . some areas appear to be particularly promising.

- #s to the pos'sibility of extracting heat from dry rocks, experiments

are under way in Italy to fracture rock at a depth of about 3000 meters.

The tests are going to be extended to 5000 meters in the near future,
Before going on to discuss fossil-fired and nuclear power stations,
I shall only briefly mention the so-called "new' energy sources, because

the output of electric energy from these sources is practically negligible .

Tides are ﬁractically non-existent in Italy . The ac-
tivities under way in Italy--particularly by ENEL-- are devoted to the
more interesting prospects offered by solar energy as an alternate source
to fossil fuel. Enel is participating in a European Community study for

a 1000-MWe solar station to be built in Italy, In the area of direct exploita-

tion of the s/un for heating purposes, EMEL is working on a heating system
. (l f.*ﬁ.’éw v "
for the dwellings'of the ENEL perdonnel that work at the Rossano Calabro

Steam power station n southern Italy,
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As shown in Fig., 2 thex‘mal power peneration from fossil fuels has

’

been the prevailing source of electricity in {taly since 1963, year in
which it overtook hydroelectric generation. Therefore, since the sixties

ENEL has been devoting its utmost attention to this type of energy, in all

its aspects related to planning, design, construction and operation,with
the object of obtaining more economical, more reliablé and more efficient
power generating stations, .

One particular feature of the It;alian steam power generation system
is the standardization of the stations. In fact, ENIEL has pursued the
advantages resulting from the definition of standard characteristics ever
since most of the generating capability was taken over after naiionalization.

The standardization concerns the unit rating, the thermal-dynamic
characteristics (steam conditions, regenera'tive cycle, etc.), the general
layout of the plant, the distribution of components and systems in the
main buildings, the flow diagrams, wiring diagrams, automation logic
diagrams, and the component characteristics,

The standardization was accomplished by steps at three capacity levels: .
first, the 160-MW unit (steam conditions: 140 atm gage, 538°C, 538°C),
then the 320-MW unit (steam conditions: 170 atm gage, 538°C, 538°C); and
finally the 660-MW unit (steam conditions; 245 atm gage, 538°C, 538°C).
Our plurennial experience with the f{irst two ratings has been quite
positive, and quite satisfactory results have been obtained so far from the
third rat'mg as well,

These odide)

}\\%\\ }\o\\l\l\,\l\}’. show some of the latest 330 MW thermal stations.

Table 2 gives the total capacity of ENEL's fossil-fired thermal stations

. .
in operation or planned. As one can see, this type of plant is hound to con-

tribute substantially to the coverage of the demand still for several years,

program is implemented,



TABLE 2 (%/{cf( (3)

ENEL Fossil-Fuelled Thermal Power Stations

Stations

Gross continuous capability (kWx10")

3

Steam power stations

Turbine-gas stations

In operation

Under construction
or planned as of
31.12.1976 with
commissioning
within 1983

Additional planned
stations

19, 200

11,040

6, 440

430

1790




As concerns the fuels employed, it should be borne in mind that Italy
has practicaily no resources of this kind, except for a small supply of lig-
nite and natural gas; the latt—er, however, is far too little to cover the
ﬁatior\al requirements for domestic and industrial uses, As a result,
most of the fuel ﬁsed in the steam power stations is imported,

The stations are designed to fire the widest range of fossil fuels
foreseeable for each site, so as to allow the maximum differentiation of
the sources of supply. All the stations are equipped to run on petroleum
products, which are still the most abundant primary energy source in the
Mediterranean basin. Some of the latest plants have been designed to run |
on crude oil, as well as on fuel oil, to :-ichieve freedom from the oil refin-
ing cycle. Provisions have also been made in all the latest stations for
the use of natural gas in order to have a different source of supply,

With regard to coal, even in the years preceding the 1973 oil crisis,
ENEL had considered going to coal firing at all the stations where there

Poor
were reasonable prospects that the necessary infra?f ures to receive this
/
fuel and transfer it to the station would be built, Wherever these infra-
structures were already available, the stations were designed to fire both
coal and fuel oil.

Unfortunately, the scarcity of adequately equipped harbours and the
impracticality of transporting coal inland owing to the characteristics
of the Italian railroads made it impossible to consider coal firing in more
than about one fourth of the total thermal stations. Consequently, the
percentage of cval versus fuel oil burnt is still small (about 6% in ealories,
including lignite), but a vast ‘program is under way to increase the coal
consumption for power generation in Italy,

In this survey, it is worth while to spend a few words on gas turbine
units, The installation of this type of plant in Italy was justified to meet
afew particular network conditions, tor instance in the islands, but
¢specially to tide us over the delayed issuance of construction permits

for the steam power stations.
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Alter a first series of stations with 16«)M W and 25-MW unijty (e.g. the

Camernatn Picena plant with rour 2520\ units shown in I»'-’--)Zig&w—ial, we have

now gone on to a unit rating of 90 MW with 4 standardized design, The
first units of this rating aré in construction,

When the emergency mentioned above is over, the gas turbines will be
used for peak duty and as g reserve. To thig burpose, these stationg nave

been located at strategic points in the national networl,
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2, Development of Nuclear Enerpy in Italy

5 ;,/ Q) A A€ ridh ' '
- nexlb slide (17)

As one can see from the diagram in kige—d,; huclear energy made its

first appearance in Italy as a primary source for power production in

1963-64 with the stations of Latina (gas-graphite), Garigliano (boiling
water) and Trino Vercellese (pressurized water) totalling about 600 MW,
The output of these stations to date is over 42 billion kWh,

After that, the 850-MW Caorso boiling water reactor station was

built, and at the time of this writing the pre-operational tests were under
b asliim ‘
way. Figures 14 through 17 show some of the more significant phases

and aspects of this station. ’

In 1973-74, orders were placed for four units rating about 1000 MW

each (ENEL-V, -VI, -VII, and -VIII). A decision on the site for two

of these units was finally reached at the end of last year (Upper Latium),
As to the future, we are awaiting our Parliament's deliberation on the
National Energy Plan which provides for the commissioning of a fairly
large number (--origipally the PEN pgpvedgﬂij fogtwegfy uhits; today, it
seems that may be twelve~-) ,

Apart from the programs, it may be appropriate to recall the major

difficulties that have conditioned the growth of nuclear energy in our

country, just-as-in-other-countries., They can be summarized as follows:

(a) ungrounded, and at times exasperated, concern about the safety of
nuclear stations; K

(b) financial problems due to the fact Jhat a nuclear station costs about
twice as much as a conventional thermal station, even thdugh the
generated electricity costs less, In US dollars and at the 1976 prices,

excluding interest during construction and price escalation, the cost

cf a 1000-MWe nuclear station ig estimated to be on the order
of 848+ 550 dollars/kW. .

With regard to the first point, that is, nuclear plant safety, our

experience with the first-generation stations (which were not ot

the same deygree of perfection as those of the current generation) has
been absolutely positive. No injury has been sutfered nor any trouble

worth speaking of to the environment.  Nevervtheless, there is some Op-
.’ :
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position by a few sectox‘é of the population to the construction of new nuclear
stations which they link with the atoin bomb. The interesting thing to note
in this respect is thal no such opposition is encountered in the communes
where the nuclear stations in operation are located.

/ ENEL conducted a sample investigation around the Latina gtation to assess
.v”vthe impact of coastal power stations on the touristic and recreational activ-
ities-. It appears that it has neither created any negative psychological
effects nor hampered the developmﬁer‘\}‘ of touristic and recreational facilities
in the area, Interviews with 600 p&;ﬁ;é?r:g“chosen at random on the Latina
beach, indicated that the attitude of the local residents was even more
positive in respect of the nuclear station than that of the vacationers from
other areas. This is quite a meaningful result, because the opinion of the
iy}“’local residents is certainly based on a good knowledge of the facts of a
nuclear plant,

Information Centers were born to make nuclear plants known

to the public without breaking the safety mles, and especially to those who

can in any way influence the decision on the siting of future stations. At

the ENEL stations an apposite two-starey building will be provided for this

4

‘purpose {Fig-~18) and located so as to allow a panoramic view of the sta-

tion during construction and operation. Appropriate audio-visual aids will

complete the view of the station,

foxie Apart from the unjustified concern, there is another factor of importance
to nuclear plant acceptance that cannot be ignored, and that is the solution of
the social-economic problems that the construction of a nuclear station
entails, Nuclear stations are generally built in rural areas whose balance
could be upset by the thousands of workers settling in for the implementation
of the project unless proper action is taken. To contribute towards the expen-
ditures incurred by the communes involved to upgrade their infrastructures

35, ENTL provides for a subsidy that is propoy-
tional to the plant rating; for instance-for a nuclear station with two IOL)();.\{‘.‘.'

units, the subsidy amounts to about five million US dollars,

However, the location of sites for new stations is a problem in [taly,

1regardlcss of the above-mentioned  actions, In fact, in view of the land

configuration in our country, when we t'ake out the Alpine and Apenmne

i
‘.
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areas, there remains the Po valley and a few coastal areas, but these are
already dense with inhabited areas, factories, roads, raillroads, etc. As
a result,where the amount of water available is enough for cooling purposes,

we find that nuclear plant siting is obstructed by the land configuration or

by the utilization of the land. ¥igr=+9 illustrates this problem .for one of

the flat stretches of coast available in Italy, namely, the coast of Emilia-
Romagna.

As a consequence of the situation, notwithstanding the commitments
taken with the manufacturers in 1973-74 for four units, 'ENEL has been

able to get a site authorization for only one station (Upper L.atium)

°
N

In the other Regions, investigations and meetings with the local
Authorities have been going on and on, but we have not even been able to
start writing the preliminary site reports yet.

The other factor that conditions the implementation of nuclear pro-
grams ig the high investment required to build those plants. This in any-.
thing but a matter of small consequence, especially in view of the ecunvmic
cerisis in our country today. The solution to this problem is beyond EN'EL'S
decisional powers, but the answer here shouldlie in an impraved tariff .Sy;:-
tem and an allocation of funds. | ot

I shall now revert to other basic problems of major impsrt, whicl{,

however, may be overccme by suitable engineering efforts,

2.2 StpdardizatiopdndCade Changes |

For the implementation of a program comprising seversl nuclear sta-

tions it ig of primary importance to develop a reference giandard design,
Of course, the validity of such an effort ig greater as greater is the number
of stations to be built and as shorter is the time interval in'which they are
to be built, l.ike other utilities and engi’neering companies in oiher coun-
tries, ENEL is developing a reference standard design for ite tutve nu-
clear stations. The standardizatiorz was initially based on 1000-MW units,
but it can be extended up to the highzst zfatings offered today. Wiwg...20-21

show the general lavout and a model of the. N[, standard twin-unit sta-

tion,
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The advantages of a standard design are well known, so I.shall merely
mention the main on.es: a reduction in plant construction times, less en-
cumbered procedure for permit issuance, higher plant reliability, easier
operation and maintenance, and, last but not least, greater safety.

An obstacle to--or rather a restrictrion on--standardization, at least
with regard to the civil works (foundations, intakes and tailraces), lies in
the dependence of the final design on the site characteristics, mainly the
availability of water for cooling purposes and the seismic characteristics.
The seismic characteristics, in particular, which vax;y considerably from
one area to another, are a special problems to nuclear plant siting in our
country.

Another restrictiod on nuclear plant standardization arises from the

fact that the reference design must allow for incorporation both of the ex-

perience accrued with nuclear plant operation and of the technological im-
provements achieved during plant congtruction. It is thus necessary to
pian for development based on the foreseeable evolution of Standards and Cod«
which, in turn, follow the broadening of knowledge in the various areas,
and the results of the operating experience.

A considerable effort has been made in the matter of odes in coun-
tries where the various reactor concepts were developed. For instance,
in the United States, the guidelines issued for light water reactor are
quite broad and deep in scope, and thus represent a useful and precise
M point of reference also for other countries. In Italy, several groups of
| experts of all the Organizations S (ANCC, CNEN, ENEL, indus-
tries) have been working on these Codes and Guides to adapt them to, or to
develop specific rules for the:systems and components more closely related
to our particular situation,
O/S//MIJ’@ fications Adripd i?/)l,/cwrrt/ Conspriiction

Some flexibility should be allowed to modify the original design in

order to accommodate new intervening requirements, especially when

the new requirements are a further improvement in safety. Oun the other
hand, it is not always easy to modify or improve a plant, once copsiruc-
tion is under way. Without going into the details of our experience wiih ihie

Caorso station in this regard, I will merely mention the pressure suppress



system which had to be modified alinost at the end of the construction stage.
The problein of design c{mnges has even been encountered with the stations

recently ordered by ENEL. The modifications to the original designs as

tendered, requested for ENEL -V, -VI and -VIII, come roughly under two

categories :

(1) modifications to further improve safety;

(2) modifications to incorpoﬂrate technical developments.

2.3.1 Modifications to further improve safety |

One of the first areas in which modifications were requested was the
radioactivity release to the environment. To minimize this release, pro-
visions have been made for a secondary containment, an intermediate
closed~cycle cooling system for the nuclear-section components, and special
conditioning and ventilatiﬁng systems in the buildings where there is a poten-
tial hazard of eq&ipment contamination. The purpose of these provisions is

also to reduce the exclusion area around the nuclear station, as this is of para-

mount importance in a densely populated country like Italy."

Another area was the exposure of the station personnel to radiation .
To minimize personnel exposure, we r;ey,iseycji the layout of the equipment
and we segregated any areas that are contaminated or likely to become so,
For instance all the waste treatment systems {fig.20) are in one building
away from the main station buildings, and all the power centers are installed
in a single building where also the control room is located. Combined with
,independent ventilation systems for each building and the subdi’vigion of the
station into areas with diffe;é‘r;{contamination levels, this shoula considerably
reduce the average contamination level of the station and personnel exposure,
Of course, these criteria have had a considerable imporb”b;;“the general
la’yout and on the volume of the station, For instance, the total volume of
each BWR unit for the Upper Latium station increased from about 368, 000

cubic meters to about 435, 000 cubic meters.,

2.3.2 Modifications to incorporate technical developments

Of the main modifications originated from the standardization process and

from new technological improvements I shall recall the control room layout, the
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station electrical system the station accesses and routes.

As to the control room (Big.-22); we have tried to standardize, as far

as possible, a control room layout for both the BWR and the PWR, and we
have adopted solid-state systems for control and sigf’g'ﬁlling, just as we do
at our thermal stations. The use of solld—qtate controle:) and an appropriate
distribution of the instruments between the consoles and panels in the
control room avoid the situation where an operator would have to supervise
more than four or five meters of console during normal operation,a value

which experience indicates as a practical limit, : —~

Ah\?\ox‘t‘mt mnovatlonf\in\the eloctmc bystem is the\'}(\i\optlon of a cou-~

" pleur on t c\generator busbars whlch confers considerable hﬁklblllty to e

.

station operauot\For fire- protuctlon, all cables are of the fl:l.r.‘s,-chokmg

type and fire barrkxks are installed both\og\homzontal and\ er'tlc cable

~— i \
routes, ‘ /\

el :

LN . . 4// N 1]
Operatioh and maintenance require-¢ase of p&ssage\from one area to.
/"‘//V \ :
lo

&iervance of th& maximum separation of cﬁean areas from
o

ccmtammated axy 1is is the basic criterion underlying the location of

the accesa:eb/to and the routes inside, the station. Other requl\ements ar

protecﬁon against intrusion from outside and a check on the movements of
/" \ \

/ ~“persons inside the station; tO\meet the former requirement we are consider

ing only one access to the bullc:lmgs of the two units, and to meet the 1at‘te\r

we are Con81d€‘r1nn (*nmnnlcmrv routes,

2.4 Project Implementation Time

A factor that has a determining influence on the inclusion of nuclear
stations in the energy development program is the project implementation
time. This includes the times required for site selection, 'permit issuanc:
and construction proper,

Site selection takes several months to establish the actual character-
istics of the site and environment, but even a longer time is required to
obtain the authorization to use that sire, In Italy, a law (No. 393) was

emanated in 1975 to specify the procedures to be followed for plant sitinu,
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by adding the times required for the various procedural steps, it takes
twenty-seven months from the decision to build the station and the authoriza-
tion to use the site selecte’d for it, v
Then, we must bear in mind the time between the authorization of a
gite and the bréaking of the ground. Expropriation of an area for public
K utility,» as contemplated in Law 393, may give rise to local reactions and
\ further delays. The preparation of a map of possible plant sites in Italy
\.,‘{ by CNEN is under way, and it should be ready in 1978. ‘This map will
certainly help contain the length of the initial stag
As to construction proper, today it takes ‘ﬁnicafovxy'\beven years from the
preparation of the constructian area to the commissioning of a nuclear power
station.

When we add all the times mentioned above, we see looking at Fig,23

that it takes,from the decision to build a twin-unit station up to the time when

the first unit can be placed on line, a long period and it still takes a lot of

PR |

of effort to meet the schedule, Thig brings us back to the

need for legislation on piant siting ( such as, the plant site map), engineer-
ing means ( guch as, ~ vlant standardization), and means to facilitate the *

public's acceptance of nuclear stations (such as the information centers),

e

: SR
2.5 PrM assoclated wit\h\\he use ;»f/nuclear eM
Pe) )
e

respite, bhurat is fyreseeable that around the middle eigiNies the situation
>

will he€ome critical wnd uritenable, and\t will not be possille to defer the

congtruction of reg’ixg,cx;ée;sing plants anyv loyeer
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3, CONCILUSIONS

. before main
It is to be hoped that / the end of the seventies the /difficulties men-

tioned above can be overcome and that the recourse to nuclear energy to
meet the growing power requirements can be resumed. In this connection,
we should not overlook the advent of commercial breeder reactdrs, anticipated
for the eighties. These reactors will increase the utilization of the energy
potential of natural uranium over fifty times more than the proved type reac-
tors. The gradual penetra‘tion of breeder x*e#ctors will rgznder the uranium
resources practically inexhaustible and, at the same time, they will decrease
the need for enrichment services. Besjides, it will also be possible to recycle
the depleted uranium discharged from the present reactors in the breeder reac-
tors. |

In the field of breeder reactors, Europe holds a first-rank position. An
enterprise has been set up by France, Germany and Italy for the development
of these reactors in the very near future. ENEL participates by one third,
and also our manufacturing industry is included in this share. The viability
of this program is ascertained by the fact that a few gtations rated up to 250 MW
that are already beyond the experimental stage have been in operation for some

~
time But“these prospects w1ll be dxscussed by other ﬁpeaker.‘a}*so - shallmju«st

xa - o N

/ conclude-by thanl\mg“the‘andlen“ﬁ”e for thmr kind attention.
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THE ITALIAN ENERGY SITUATION AND THE ROLIS OF NUCLEAR POWER

Giorgio Speri
m . (j k A WW\%:M LM@"’" &M 6 3% by g«m‘ Q?&;WWMWWM

1. Electric Power Generation in Italy,

]. 1. resent state and prospective developments

Even though the rate of the electricity demand growth in Italy has-,

slackened a little in these past years, the peak power demand, that is,

et

the "maximum load' has continued to go up, as can be seen in Figu= |
This trend is very important {rom the standpoint of planning new plants,

becauge the power demand determines the size of the generating plant

- [INRT

T “A,,L..LM ) . . . ) , o
‘“f.’“““"pvwand of the transmission, transformation and distribution facilities-.
=
Ay

SM(‘A‘(L

. : . ) " o
W smincrease in electricity consumption will tend to an asymptote, as it is

g dur , , , :
v inconceivable that the exponential trend with a growth rate of about a

and thus the investment required, However, in the very long term, the

doubling every ten years will continue indefinitely,

; /’W“’ In this connection, a distinction should be made among the various
countries on the basis of the per-capita electricity consumption; for
instance, the consumption in Iltaly is low as compared to other Eurapean
countries. In fact, in 1974 the per-capita c:cm&:umption was 4, 560 kWh
in Germany, 4,206 kWh in England, 3, 856 kWh in Belgium, 3,799 kWh
in France, and only 2,375 kWh in Italy broken down as follows: 3,056

in Northern Italy, ,‘1\’,, 8980 in Central Italy and 1,508 in Southern Ialy.

The difference would be even greater when compared to countries out-
side the Furopean Community,

From the standpoints of predicting the eleciricity requirements and
of planning new stations, since ENEL applies the "annudly sliding plan’
Principle, any excess in generating capacity would be temporary and its
cost would be contained within reasonable limits, It is much more dif-
ficult to assess the cost of an inadequate supply of electricity, Further-
more, the power generauon development programs for the coming _\’Q&Z“&S
are based egsentially on nuciear plants, and by meeting the demand with
the largest possiole recourse to nuclear generation it would be possible

W alleviate the balance of payments, At present, the cost per kWh of

‘
L‘% €$?;A,¢;%



fuel ol is over 20 mills (18 lire) versus 5 mills (4,50 lire) of nuclear fuel,
which means that for every 1000~ MWy unit in the network today the disburse-
ment of foreign C\.ll‘&‘({;{X(ty would be reduced by some 100 million dollars
{nearly-80 billiontire) a year., Even if the cost of nuclear fuel should in-
crease, there is ample margin for nuclear power to be at an advantage
over thermal power,

I shall now illustrate the sources currenuy used in Italy {or power
generation and the related prospects of development based on the trends

of these past years (I'ig, 2),

AR
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The most abundant energy, source in [taly in the past was the water
resource, Up to twenty-five years ago nearly all the country's energy
requirem‘ems were.covered by this source, Today, it hardly meets 30%
nf the demand, and new sites that are acceptable from the technical,
economic and environmental standpoints are practically nil, If{egardlefs&a

of economic considerations, the residual ' xmtural produ( tion potontm]

; -
is on the order of 1() Z)Ull(‘)n k\Vh a year’ \'1 ‘his 15 but a “‘mall ‘"p&;rt entage

of the ermrgy r*cquu emunt, wmch p:

Ched 160 bulm\ ) Wh in l‘}{(ﬂ

2 O 0 million,.

1it cmmapﬁnds to. over 2 3 m' on ton g)i‘ uc‘l oil” or abo

U T

5 not a m?yllgmm

e of paymonm

rl hc activities in our count,ry in tlw area of hydro plam construction
are directed mainly towards pumped-storage stations, Because of its
size and characteristics, thistype of station has played and will continue
to play an increasingly important role for the so-called "modulation
of the load diagram"

To cover the peaks in the load diagram, recourse is also had to gas
turbine units, which I shall speak of later on,

The purpose of pumped-storage stations’is to transfer surplus supplies
of thermal, and especially nuclear, energy from low-load periods (nights
and holidays) to peak-load periods, This function is clearly illustrated

in the diagram in Fig. 3, which relates to the winter peak in 19795,

fa R S——

{1) The 1976 disbursement for fuel oil |16. 7 million tons) was on the order
of 1200 million dollars



Table 1 gives the total capacity of ENEL's hydro plants in operation

or planned,

TABLE 1

Sy c_,(x 4 5

ENTL'S HY DROELECTRIC POWER STATIONS

STATIONS

e (1)
Capability

(kW x% 103)

Averaye yearly
producibility
(kWh x 109)

! In operation in 1975
!

 {puroped-storaye)

; Under construction or |

0 planned at end-1975
i
"(pumped storage)

- Not built because of
. difficulties in perrnit
‘iﬁauance

g With promising eco-
; nomic progpects
: (pumped-storage)

Mainly for potable

i water and land irriga-.

. Hon uses

11,803
( 3,000)

5,537
( 5,200)

932

15, 157
(13, 400)

559

34,684

1, 467

1, 148

3, 200

1. 144
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It is worth while pointing out the pre-eminence of the existing or
scheduled [talian pumpe»(i storage. stations in the Kuropean Community

and in the world. Of these, I shall mention the Roncovalgrande station

with a capacity of nearly one million kilowatts #&Eg==), the Upper Gesso -

station (FiF=%) for which use was made of a tunnelling machine with a )

/

3.m-dia. cutter (i

S

4
J

'
I

|
\

0\
0 s ol AGoor

Another national source of primary energy, to which ENEL has
always given special attention, is the geothermal resource., Our Country
is in the v;%rxguard as regards prospection and utilization of hot steam
wells; it will suffice to say that ENEL's geothermal output, though only
2.5% of the total output, is over one third of the world's geother-
mal output,

| Following the development of more advanced exploration techniques,
ENEIL. extended their research to areas that had no surface manifestation
and an additional producibility of about 250 million kWh a year has been
developed. In the Larderello area, thanks to the new exploratory cam-
paigns, to the increased depth of the drilling (down to 2900 meters), to
the technological improvement and enlargement of the stations, it has

,\\2 been possible to make up for the natural decline in productivity, Figs 8

mt’d 9 show the Larderello ~ X geothermal power station.

0> Whon the oil crisis broke out and urged several countries to under-

ak@ geotlmx m'xl px‘()capectlons,u[taly was already heavily engaged in this

E R ‘
sector, X 'I,ho rocemr h for new resuurces is concentrated in tllc belt alor‘m \\
e st % i

| the foot of tho »\po nnites [rom Tuscanyto Cam pmn;‘a \
i

{

Y

i

Pl‘efmen dl sites totalling abeut 600 C'q l{m“have bc’éx'x lc)c,ated

the T# n wmch it is ver*y recent news that a few well

avale-Radicondoli are:
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[ has been todnd at a depri ()I 950 m, W{Jfo cf*xp'u“;it the iﬁ‘lowr"xte of this

vo 1\)~1/IW

well, w_hix{;h is | 30 Lo 1‘-/1\ J,te; are wmgr mdml{‘acturcd by th e

Ital,.i.z,lh md}x-g) ry and w1LL be xmldy m d x*vl.;twel; :.kmm time, The total

Ca;"ﬁ(‘ity Lr“i‘st,alled iy th area wxll thu.s rise 1o 50 MW with a yoarly umput

¢

i

of some 4()() mulmn kWh, ,

Hemm e ofwl NEL's expm ience and expertise in the prospection and
utitization of geothermal energy, their services have been sought by other
countries (Iran, Venezuela and Greece) with whom ENEL renders assistance
and consulting services, A cooperation agreement has also been entered
into with the Energy Research and Development Administration of the
Unit@ d btate' .

/ No lesc:./h(xllc'n;/m g will be the efforts in the future, The nature of
the geomemmal wux'vo which o}*igmatm&; from Uié heat em‘miyéted by the |
magma; .;u:‘ basxrm deep in’ the earth, does not, however,. ’aii.low veliable
pr-@dm#tmns to be made on the possible contributions ffom this source, ;

even thougjh some areas appear o bv partmul

Ly p o/mlmnﬂ‘

Ab to th po nlny of extracting hoat from dry rocks, xpommeum

are under way in [taly to fracture rock at a depth of about 3000 meters,

The tests are going to be extended to 5000 metérﬁ in the near future.
Before going on to discuss fossil-fired and nuclear power stations,

I shall only briefly mention the so-called "new'' energy sources, because

the output of electric energy from these sources is practically negligible

abb-ove pthew Gt
Tides are practically non-existent in Italy . The ac
tivities under way in Italy--particularly by ENEL-- are devoted to the
more interesting prospects offered by solar enerpgy as an alternate source
to fossil fuel, Enel is participating in a European Community study for
a 1000-MWe solar station to be built in Jtaly, In the area of direct exploita-
tionﬁ of the sun for heating purposes, LEMEL is working on a heating system
k/\/»«{/(‘" AR )

for the dwellings of the ENEL personnel that work at the Rossano Calabro

steam power station mn douthern Jtaly,
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A shown in
peen the prevalling source of electricity in italy s
Therefore,

has

th(:rnﬁml power peneration from fossil fuels

since 1963, year in
hich it overtook hydroelectric generation, “since the sixties

ENEIL, has been devoting its utmost attention to this type of energy, in all

related to planning, design, construction and operation,with

and more efficient

its aspects
more reliable :

'

he object of obtalning more economical,

power generating stations,
One particular feature of the Italian ation system
In fact, ENEL has pursued the

sleam power gener

is the standardization of the stations,

advantages resulting from the definition of standard characteristics ever

since most of the generating capability was taken over after nationalization
The standardization concerns the unit rating, the thermal-dynamic

characteristics (steam conditions, reptgenex'a'tive«: cycle, etc,), the general
layout of the plant, the distribution of components and systems in the
the {low diagrams, wiring diagrams, automation logic

main buildings,
and the c*mmmrwnt characteristics,

dmg;r' ams,
/ lhe 8 tandardmatwu Wi au*omplm md by s,tc’pc; at thx‘eo cdpdmty levels

tho 160- ‘\IW unit (&;tpam conchtum‘s;: 140 atm tg/age, 538°C,. 5380C);
: 538°C, 538°C); and

5380¢, 538°C).

170 atm gage,

g first,
§ then _phe 320»”\/]\‘/ unit (S}t‘éam conditions:
fm(a’ily the 66() - NW u’,mjjt (steam c;ohditicmg: 245 atm gage, .
(j)’iix‘ }f)lLlrfz’f“l‘rliéil, expuﬁi*wrwe with the first two ratings has
atisfactory results have been obtained

been  quite
s0 far from’the

pr) itive, and quite ¢

Lo » ,
! tmrd rating as welL /

Tkemvo@uim
}\}\Q\K\\ }\G\\\l\l\\‘k\i bixow some of the latest 320-MW thermal stations,

As one can see, this type of plant is hound to con-

4n operation or planned.

tribute substantially to the coverage of the demand still for several years
the nuc.enr

but percentagewise 1ls contribution will pgradually decrease as

program is implemented,
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FNEL Fossil-Fuelled Thermal Power Stations

Stations

Gross continuous c:apability(ka103) i

Steam power stations

Turbine-gas stations

{

8

In operation

Under construction
or planned as of
31.12.1976 with
commissioning
within 1983

Additional planned
stations

19, 200

11, 040

6, 440

430

1790
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As concerns the Tuels employed, it should be borne in mind that italy

has practicaily no resources of this kind, except for a small supply of lig-

o

nite and natural gas,; the latter, however, is far too little to cover the

national requirements for domestic and industrial uses., As a result,
moast of the fuel used in the steam power stations is imported,

The stations are designed to fire the widest range of fossil fuels
foreseeable for each site, so as to allow the maximum differentiation of
the sources of supply. All the stations are equipped to run on petroleum

products, which are still the most abundmut pmmar‘y energy source in ‘the

Mediterranean basin \ Some »of the ldto‘st pl,zms have be-en demgned to xun

Jon crude-oil;ag well as on fuel oil, /to achieve freedom from th 18 0il r«efm»{'

I’L ovmlorw th@ dl%o bu‘n made in all the lqtez;t "Latlck\s»; for

ing cycle,
of auwply \\
973 611 (*m\

/ /‘{u \

wer@ x*mxsundbl@ pmc 70“' ts that the nece ,G,azy illff’cl uri%v to receive this

uo and x:\:ancsfor it t<

Q

rmwtum wc«’»rv alx‘oady wmlablo the ts 3!

e

coal and iuel oil, SR

‘\‘ 1

MM

Unfoxtunatol), the 5¢ r‘uty of &dvquaml,;y equipp\::d har boum» :md the

irn;tmactlcza..lty ‘of transportm c,c)alf’i inland owi g'to the (‘*harac‘ eristics

i

of the Italian ra i‘«lro;ui«'“ made N.

fmpossible to ums,l,dm conl fu ing in more

than about one touxth of the toml th rmal ‘taMOH&L C_,,Qr},«se(;;uently, the

percentage of coal vm”su Iuvl oil burnt is still small (:M:)out 6% in ealories,;
|
including lignite), but a vast proyran is \mdor‘ wa to m@mac,@ the u):a,l,
g g b e

/

5(‘()r1,“,umpuon for puwor goner‘amon in LLaly

In this sur »oy, it is womh whxle to spend a few words on gas turbine

“ uUnits, The installation of this type of plant ti ltaly was justified to meet
a4 few particular network conditions, for itstance In the islands, but
vspecially to ude us over the delayed igsuance ol construction permits

for the steam power stations,
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Aftey a first sevies of stations with 16« MW and 25-MW units (e, o, the

Camerata Picena plant with four 25-2W units shown in Big—43), ae have

now gone on to a unit rating of 90 MW with a standardized design, The

first units of this rating are in construction,

When the emergency mentioned above is over, the gas turbines will be
used for peak duty and as a reserve. To this purpose, these stations nave

been located at strategic points in the national networlk,
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2, Development of Nuclear Energy in Italy

!’)é.x“‘ S»(io'/( (//y)

As one can see from the diagram in Kigs—ids; nuclear energy made its

first appearance in Italy as a primary source for power production in
1963-64 with the stations of Latina (gas-graphite), Garigliano (boiling
water) and Trino Vercellese (pressurized water) totalling about 600 MW.
The output of these stations to date is over 42 billion kWh,

After that, the 850-MW Caorso boiling water reactor station was

built, and at the time oﬁg}his writing the pre-operational tests were under

way. Figures 14 thﬁo“’ugfl%l? show some of the more signi.fic:ant phases

and aspects of this station. .
In 1973-74, orders were placed for four units rating about 1000 MW

each (ENEL-V, -VI, =VII, and ~VIII), A decision on the site for two

of these units was finally reached at the end of last year (Upper Latium),.

As to the future, we are awaiting our Parliament's deliberation on the

National Energy Plan which provides for the commissioning of a fairly

large number (--onjginally the PEN pgpvedgﬂ fog:"twegfy uhitg; today, it

seems that may be twelve--) ,

Apart from the programs, it may be appropriate to recall the major
difficulties that have conditioned the growth of nuclear energy in our
country, just-ag-in-other-countries, They can be summarized as follows:
(a) ungrounded, and at timee exasperzted, concern about the safety of

nuclear stations;

(b) financial problems due to the fact .hat a nuclear station costs about
twice as much as a conventional thermal station, even though the
generated eléctricity costs less, In US dollars and at the 1976 prices,
excluding interest during construction and price egcalation, the cost
cf a 1000-MWe nuclear station is estimated to be on the order
of 84+ 550 dollars/kW.

With regard to the first point, that is, nuclear plant safety, vur
experience  with the first-generation stations (which were not of
the same degree of perfection as Lh&s«: ol the current generation) has
been absolutely positive,  No ingury has been sutfered nor any trouble

worth speaking of to the caoviromment, Noevertheless, there 18 soie Ob-
voo4
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position by a few sectors of the population to the construction of new nuclear
stations which they link with the atom bomb. The interesting thing to note
in this respect is that no guch opposition is encountered in the communes
where the nuclear stations in operationvare located,

} ENi L,‘com lucted a samj 51(\ mvesm;;;lfbwn around tlm L tma mmon to dS:v‘%(“f%h

the 1mpaut of coastal )owor\%

ities . It appecﬂw{ that it hag I\(\ilth(ﬂ' created :mg( nwgatlv

effect nor hampe é{% thu do velop:

tations cm the tuums,tlc and recré&txonal cliv-

/

‘ pbyc, holo gucal\

o

ent of toumstm cmd re x*cmlonalffacLhu

/i
¥
j

1]
3 b”/x\ Eonky i A ; /
in th\t\, area, lntervw § with 6 ()O bathers gho sen at random on the Latum
\ hY

bedch \{ndmatod that L Qx@ttltud@' of the\.local reside nt<; wab even more

£ b,

p()‘»ltl\/t m recspeot Of the nuc)ear stdtlon than th at of the Var*atxone*r‘s from

other amas Tms is quxte a meanmgful r@ault because the opxmon of the

local res 1dem<3 is certmnly based on a good k:nowledgﬂ of the facts of a

nuclear plant. §
| Informatxén Centers were born to make nuclear plants known
to the public without breaking the safety rules, and especially to those who
can in any way influence the decision on the siting of future stations. At
the ENEL stations an apposite two-storey building will be provided for 'thi&;

‘purpose {Fig—18} and located so as to allow a panoramic view of the sta-

tion during construction and operation, Appropriate audio-visual aids will
complete the view of the station,
Apart from the unjustified c:on(:ern,‘there is another factor of importance
to nuclear plant acceptance that cannot be ignored, and that is the solution of
the social-economic problems that the construction of a nuclear station
entails, Nuclear stations are generally built in rural areas whose halance
could be upset by the thousands of workers settling in for the implementation
of the project unless proper action is taken, To contribute towards the expen-
ditures incurred by the communes involved to upgrade their infrastructures
5, ENZL provides for a subsidy that is propoy

tional to the plant rating; for instance for a nuclear station with two 1000~
units, the subsidy amounts to about five million US dollars,

However, the iocation of sites for new stations is a problem in [taly,

regardless of the above-mentioned astions, In fact, in view of the laad

configuration in our country, when we ?(,,Mw out the Alpine and Apennine
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areas, there remains the Po valley and a few coastal areas, but these are
already dense with inhabited areas, factories, roads, railroads, etc. As
a result,where the amount of water available is enough for cooling purposes,
we find that nuclear plant siting is obstructed by the land configuration or

by the utilization of the land, g9 illustrates this problem for one of

the flat stretches of coast available in Italy, namely, the coast of Emilia-

Romagna,

As a consequence of the situation, notwithstanding the commitments
taken with the manufacturers in 1973-74 for four units, "ENEL has been
able to get a site authorization for only one station (Upper Latium) .

In the other Regions, investigations and meetings with the local
Authorities have been going on and on, but we have no‘t even been able to
start writing the preliminary site reports yet. 5

The other factor that conditions the implementation of nuclear pro-

grams is the high investment required to build those plants. This in any--

thing but a matter of small consequence, especially in view of the ecunvmic
crisis in our country today, The solution to this problem is beyond EN'E;II..,‘&:
decisional powers, but the answer here shouldlie in an impraved tariff‘gﬁw
tem and an allocation of funds,

I shall now revert to other basic problems of major impert, which,

however, maybe overccme by suitable engineering efforts,

2. 2 stapdapdizatfon-ind-Caode Changes |

For the implementation of a program comprising several nuclear sta-

tions it ig of primary importance to develop a reference pwundard design,

Of coursge, the validity of such an effort is greater as greater is the nurober
of stations to be built and as shorter is the time interval in'which they are
to be built. L.ike other utilities and engiheering companies -in other coun-
tries, ENEL is developing a reference standard design for itm fuareme ny-
clear stations. The standardization was inftially based on 1000- MW units,
but it can be extended up to the highast ratings offered today. Wivs,  .20-21

show the general lavout and a model of the. NI, standard twin-nnit sta-

tion.
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The advantages of a standard design are well known, so l.shall merely

mention the main ones: a reduction in plant construction times, less en-

cumbered procedure for"permit issuance, higher plant reliability, easier

operation and maintenance, and, last but not least, greater safety.

An obstacle to--or rather a restrictrion on--gtandardization, at least

with regard to the civil works (foundations, intakes and tailraces), lies in

the dependence of the final design on the site characteristics, mainly the

availability of water [or cooling purposes and the seismic characteristics.

The seismic characteristics, in particular, which vary considerably from

one area to another, are a special problems to nuclear plant siting in our

v

country.

Another rgstmctlon on nuclear plant standardization arises from the

fact that the reference design must allow for incorporation both of the ex-

perience accrued with nuclear plant operation and of the technological im-

provements achieved during plant construction. It is thus necessary to

plan for development based on the foreseeable evolution of Standards and Cod
which, in turn, follow the broadening of knowledge in the various areas

and the resultb of the operatmg e)\pemence

: / A cy651derable effort has bee,n made in the matte

@

r‘\of odas in coun-

4

tries where the vaxs’iaus reactor g aneptc, were dévelopeﬁ

gsf‘ instance,

;
i
§

in the United States, thé‘aguldy

ines 1§sued for"hght wat@r e:actor are

qr{iite broad : e, and thus r present a usefu] and premse /

,"“"’j'pmnt of refer encp alsu @r other countries. In Italy, ‘aeveral gr“oupﬂ; o/i'/
¢ AN

!

conc rned %
experm of all the @r sanizations®, o3 (ANCQ, C;’NI.’N ENEL, ,mdus~ {
trm ) have been wox‘ ing on thes;e ‘Codes and Guldes to adapt thom to, or mg

develop 3pec1fu~ ruln,@ fm* the. &:ystemb and components more closely re mod{

H
to our particular situation. § - : i —

?M’W’fflflfauy(s Liuerl ’Lcyrrt Cohsgpriiction

bome flexibili ty should be allowed to modify the original design in
order to accommodate new intervening requirements, especially when
the new requirements are a further improvement in safety. O the otlher
hand, it is not always easy to modify or improve a plant, once consiruc-
tion is under way. Without going into the details of our experience with "he

Caorso station in this regard, I will merely mention the pressure suppres:
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system which had to bé modified almost at the end of the construction stage.
The problem of design changes has even been encountered with the stations

recently ordered by ENEL. The modifications to the original designs as

tendered, requesied for ENEL -V, -VI and -VIII, come roughly under two

categories :

(1) modifications to further improve safety;

Y
(2) modifications to incorporate technical developments.

2.3.1 Modifications to further improve safety

One of the first areas in which modifications were requested was the
radioactivity release to the environment., To minimize this release, pro-
visions have been made for a secondary containment, an int’ermediate
closed-cycle cooling system for the nuclear-section components, and special
conditioning and ventilati‘ng systems in the buildings where there is a poten-
tial hazard of equipment contamination. The purpose of these provisions is

also to reduce the exclusion area around the nuclear station, as this is of para;

mount importance in a densely populated cour'ry like Italy."

Another area was the exposure of the station personnel to radiation .

To minimize personnel exposure, we revised the layout of the equipment
and we segregated any areas that are contaminated or likely to become so,
For instance all the waste treatment systems (fig, 20) are in one building
away from the main statior buildings, and all the power centers are installed
in a single building where also the control room is located. Combined with
independent ventilation systems for each building and the subdivision of the
station into areas with different contamination levels, this should considerably
reduce the average contamination level of the station and personnel exposure,

Of course, these criteria have had a considerable imporb*"‘o;'i;”the general
layout and on the volume of the station, For instance, the total volume of
each BWR unit for the Upper Latium station increased from about 368, 000

cubie meters to about 435, 000 cubic meters,

2.3.2 Modifications to incorporate technical developments

Of the: main modifications originated from the standardization process and

from new technological improvements I shall recall the control room layout, the
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station electrical system the station accegses and routes,

As to the control room (> Lg =22}, we have tried to standardize, as far

as possible, a control room layout for both the BWR and the PWR, and we

have adopted solid-state systems for control and sig('g':’xlling, just as we do

at our thermal stations. The use of solid-state contr&es and an appropriate
distribution of the instruments between the consoles and panels in the
control room avoid the situation where an operator would have to supervise
more than four or five meters of console during normal operation,a value

which experience indicates as a practical limif : .

PSS —

””””” Ah%;:n tant innovation ln\ the electric system is the\qdoptmm of a cou-

\
pleur on t e\generator busbars whmh confers considerable h xibility to e

station operatmn\. For fxreqtmotect\zb\nk all cables are of the flax%(m c*hokmg

type, and fire barriers are installed both~on horizontal and “Verticalcable
1\\ 1 i

///
routes, P N
e ‘\
/
Operatmr\and maintenance require-tase of passage from one area to

’_l/»-"“
- another in full observango of,t}'re maximum separation of clf’an areas from
N, e

contaminated areag}w/ﬂxis is the basic criterion underlying the location of
o s
the accessg&»té’,/and t}‘xe\ routes inside, the station. MOther requir;\emerxts ar
p”?lﬁcﬁ&x against intrus\i\ca‘g: from outside and a check on the move\hmnts of
,/'"/ “ . »
—~"persons inside the station; té‘~-meet the former requirement we are c\c:qusid(ax

“ .

ing only one access to the buildings of the two units, and to meet the latter

we ar e considering compulsory roules,

o o et e AR B A

2.% Project Implementation Time

A factor that has a determining influence on the inclusion of nuclear

stations in the energy development program is the project implementation

time. This includes the times required for site selection, permit issuanc
and construction proper,

Site selection takes several months to establish the actual character-
istics of the site and environment, but even a longer time is required to
obtain the authorization to use that sire. In Itdly, a law (No. 393) was

emanated in 1975 to specify the procedures to be followed for plant sitir:
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by adding the limes required for the various procedural steps, it takes
twenty-seven months from the decision to build the station and the authoriza-

tion to use tho sxte belected for 1t

J'ﬂwn we muﬁut bear in m ‘n‘d the time between t;h@ authormatmn of a

1
81t0 and the bre kmw of the gwom\d prropmanon of-ah.area for \@ublmg

by CNEN 15, under

g way ~and m 1ould be zead i'n 197&3 Tb_irs"”'ifwap”*~«will

(}.m@w\
As to construction pmper today it takes gix-orseven years from the

preparation of the constiructian area to the commissioning of a nuclea,r power
station,
hen we add all the times mentioned above, we see looking at Fig, 23

that it takes from the decision to build a twin-unit station up to the time when

the first unit can be placed on line, a long period and it still takes a lot of

-

of effort to meet the schedule, This brings us back to the

need for legislation on piant siting ( such as, the plant site map), engineer
ing means ( such as, - plant standardization), and means to facilitate the

public's acceptance of nuclear stations (such as the information centers),

' p e
2.5 Probl¢ms associated withXhe use )f//\uC'lear enoray

/

/:Qroblem when the ¥

itieg, 7 .
/’,/ L

respite, y/ft/m H

will become critical wnd untenable,

andNt will not be possibhle to defer ‘he

construction ot rep;p"c:e.'s;ing plants anyv loy.
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3. CONCL.USIONS

before main
It is to be hoped that / the end of the seventies the [difficulties men-

tioned above can be overcodne and that tﬁe recourse to nuclear energy to
meetl the pyrowing power requirements can be resumed. In this connection,
we should not overlook the advent of commercial breeder reactors, anticipated
for the eighties. These reactors will increase the utilization of the energy
potential of natural uranium over {ifty times more than the proved type reac-
tors. The gradual penetx'a‘tion of breeder reactors will render the uranium
resources practically inexhaustible and, at the same time, they will decrease
the need for enrichment services. Besides, it will also be possgible to recycle
the depleted uranium discharged from the present reactors in the breeder reac-
tors, | M

In the field of breeder reactors, Europe holds a first-rank position. An
enterprise has been set up by France, Germany and Italy for the development
of these reactors in the very near future. ENEL participates by one third,
and also our manufacturing industry is included in this share. The viability
of this program is ascertained by the [act that a few stations rated up to 250 MW

that are already beyond the experimental stage have been in operation for some

-
tirne, But“these prospects will berdiscussed by other speakem} "s0-I-shall just
v ;»: . -t e e ’ “ N e 3
7 conclude-by thanking-the-audierte for their kind attention,
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ENEL's Hydroelectric Power Stations

TABLIE 1

‘ s Averayge yearly
. L 2
STATIONS 8{?53;1%?35’) producibility
' (kWh x 109)
In operation in 1975 11,803 34,684
(pumped-storage) ( 3,000) |
Under construction or
planned at end-1975 5,537 1, 467
(pumped-storage) (. 5,200)
Not built because of
difficulties in permit
issuance 932 1, 148
With promising eco-
norhic prospects 15,1567 3,200
(pumped-storage) (13, 400)
Mainly for potable
water and land irriga-
tion uses 559 1, 144
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TABLIE 2

ENEIL Fossil-Fuelled Thermal Power Stations

Stations

Gross continuous capability (MW)

Steam power stations

Turbine-gas stations

In operation

Under construction
or planned as of
31.12,1976 with
commissioning
within 1983

Additional planned
stations

19, 200

11, 040

6, 440

430

1790
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MAIN UNIT BUXLDINGS ' MAIN BUILDINGS COMMON TO THE TWO UNITS

1. Reactor building , 6. Radwaste storage and treatment building
2. Turbine building ~ 12,Controlled area service building
3. Reactor auxiliaries building
4. Contwol room building

5. Normal switchgear building _

7. Fresh and spent fuel building - ‘ ‘ i
8. Emergency diesel generator ‘ ’ .

10. Cordensate treatment building
11, Heater bay building
14, Emergency cooling tower building
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FIG, 20 - General plant laydut for PWR reactors !
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The United States has just weathered the most severe winter
in recent history, at a time when domestic energy resources were
insufficient. A new cry has gone up--"What's the real story on
natural gas and why weren't we told before?"...a similar cry
to those heard during the long gas lines of a few years ago.
gven coal, our one plentiful domestic resource, was suffering--
mines were frozen, transportation routes were uncertain, and
there were instances when the train coal-hopper cars were frozen
and could not be unlcocaded. At one time, at least two million
additional people were out of work, states of emergency were
declared in many areas~--for a week or more--schools were closed,
and heat was turned off in non-essential businesses using gas as

a fuel.

Had the approximately 20 million kilowatt-hours of electricity
estimated to have been produced by nuclear power plants in January
not been available, these consequences would have resulted:

*  More than 257,000 jobs lost in this month.

Nearly $230 million lost in monthly wages.

A reduction of some $3.8 billion in the month

for various goods, products, and services that

make up the gross national product.

*  Additionally, the 10 million homes, 1 million
stores, office building and schools; and
60,000 factories, industries and manufacturing.
plants that could have been served by this
nuclear generation would have needed their

energy requirements met by other means.



* Filling these demands for eiectricity by other
sources would have required:
~=-32 million barrels of o0il, nearly 13 per
cent of current monthly domestic production, or
--=182 billion cubic feet of natural gas, more
than 10 per cent of current monthly production, or
---9.,6 million tons of coal, about 17 per cent of

current monthly production.

Much is heard in the United States today about the need for
an“energy policy. However, and with bowed head, I must admit that
indeed we do have an energy policy that is just as real as one in
writing. We have a "de facto" policy of non-policy, which shapes
our thinking and actions with as much impact. The need to plan,
rather than exist in a staccato fashion, is unquestioned...but

undone.

However, in our society both public understanding and
confidence in the real gravity of the situation is a necessity--~
and that we do not have. Although politicians have mouthed the
words now and again, it was with mixed pleasure to hear the words
loud and clear from President Carter, at his first fireside chat

last month, that there is no short range solution to the energy

crisis. As a nation, to make things right, we always have sought
either a panacea or else faith in Divine Providence. I believe
the constant reminders that the United States will undergo over
the next several years will bring home to all but the most

skeptical, the reality of our nation's energy distress. It has



peen estimated that the energy needs of the United States in
the next 15 years will require 450,000 new oil and gas wells,
31 new refineries, 200 large coal mines, 2,700 unit trains,

30 uranium mining and milling complexes and 17 synthetic

fuel plants. The capital requirements for these new facilities
alone, even without allowing for inflation, may amount to
roughly $30 billion a year over the next 10 years--more than
double the energy industry's annual investment rate of the past

10 years.

Conservation:

The first panacea we grasp for is conservation. At this
juncture in our society, it is accepted that we have been waste-

ful of our resources.

We recognize we must trim our rate of energy growth, but
we must also be mindful of the great disparities that exist
among existihg households for we have our energy rich and our
energy poor. Those who advocate zero growth and spartanization
of our energy economy--so, to speak a return to Walden Pond--should be
required to take a hard look at the economic consequences oOf

such a proposal.

There are 70 million households today and up to 30 million
new households will be formed before the year 2000. A zero
growth policy will deny existing households energy for‘satisfy~
ing their basic requirements of many energy poor millions of
people. The advocates of zero growth must ponder where our house-

holds in formation will get their energy.



We cannot ratchet backward in time to the days of Walden
pond. Perhaps we should recall Thoreau's advice: "It is a

characteristic of wisdom not to do desperate things."

We do expect, however, that efforts to conserve energy
will prove beneficial over the next 25 years, with the possibility
of a 25% savings. It is not generally understood by the
American public, however, that energy requirements will demand
increased generation capacity regardless of the effectiveness
of our conservation program. It is expected that much greater
emphasis will be placed on conservation as a national policy.
Legislation with special tax incentives has been proposed both

nationally and in several of the states.

Nuclear Power Plant Status:

Of course, I came here to talk about a recently much maligned
program~-nuclear. As an introduction, it might be worth noting

the status of the United States nuclear program as of January 1,

1977:

1976 1975 1974
Operating Licenses Issued 6 3 9
Construction Permits Issued 9 9 14
New Orders 3 5
Deferrals 7
Cancellations 2
Reactors Operating 64
Reactors Under Construction 90

Reactors Commited 228



It should be pointed out that the 90 units under construction
represent a backlog of over $60 billion and that the 228 nuclear
units thus far commited have a capacity about three times that
of the country's entire electric power grid 25 years ago, when
man first produced electricity from nuclear energy. By 1980,
it i1s guite likely that nuciear power will displace petroleum and

will be second only to coal as a source of electric power.

Ten of our 50 states get more than a quarter of the electricity
from nuclear power. Connecticut draws 50% of its electricity
from the atom, followed by Nebraska, 47%; Vermont, 44%;, Maine,
40%; South Carolina, 36%; Minnesota, 31%; Illinois, 30%; North
Carolina, 30%; Wisconsin, 29%; and Arkansas, 25%. During the
recent cold wave, Chicago derived 48% of its power from 6 of its
7 nuclear plants and the New England area as a whole, over 30%.
As a recent press release noted, "with only slight exaggeration,
nuclear power bailed the country out of an emergency on the morn-

ing of January 17."

Nuclear Performance:

There has been a lively discussion in the United States re-~
garding the performance of nuclear versus fossil. I believe it
is generally accepted that there is little difference between the
two. A recent report notes that a comparison of the cumulative
unit availability for all fossil fired plaﬁts of 390 Mw or more
with comparable units fired only with coal and with préssurized

water reactors gives values of 77.9%, 75.8%, and 74.7%. An
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objective of 80% availability for mature nuclear power plants

is sometimes used in the Industry, particularly as related to
regulatory activity. Our nuclear opponents frequently use this
figure to claim that nuclear power is not living up to its
promise. However, a study by one major United States nuclear
csteam system supplier, utilizing a base of 18 units, showed an
average unit availability in 1975 of 78.6%--and the highest rated

unit stood at 93.9%.

With performance records at this level, nuclear units are
on their way toward exceeding the availability of conventional

fossil-fired units.

It might do well to compare the availability‘factors for
one of our nation's largest utilities, Commonwealth Edison, for

large nuclear and coal-fired units for 1972, 1973, 1974, and

1675:
AVATLABILITY FACTOR
1972 1973 1974 1975
Nuclear 72 82 68 64
Coal-fired 71 69 73 » 68

There is also a belief that the older reactors get, the
more unreliable they become. There is little data on "old"

reactors since nuclear power is still in its adolescence.

The number of shutdowns for the "old" nuclear power plant,
Connecticut Yankee, is perhaps a good index of the reliability

of the plant.



PLANT SHUTDOWNS

year Planned Automatic Manual Total
1967 6 19 2 27
1968 13 12 1 26
1969 5 5 7 17
1970 9 6 2 17
1971 4 4 2 10
1972 5 3 0 8
1973 6 0 1 7
1974 5. 4 0 9
1975 5 1 0 6

The data would indicate that perhaps plant performance im-

proves with age.

Nuclear Generation Costs:

Nuclear power plant costs have also been the subject of much

study and discussion during the past year.

From an analysis of the various data available, it is evident
that the difference in capital costs for nuclear power and coal
plants with stack-~gas scrubbers will narfow considerably in the
mid-1980's, making electricity generated by nuclear far cheaper

because of lower fuel costs.

One projection indicates that a 1200~megawatt nuclear plant
build in the northeast United States to operate in 1985-1987 will

cost $1300 per kilowatt, assuming 7% inflation.

The capital cost of a coal-fired plant of equivalent capacity

will be nearly $1200 per kilowatt, if scrubbers are required.

Another study gave similar results--conventional nuclear
pPlant, $975/Kw. (This is in 1985 dollars and includes interest

during construction.)
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For an 850 Mw coal plant without scrubkers, using western
coal, and located in the northeast, capital costs of $765/Kw
are estimated. (If cooling towers are required, add $85/Kw to
nuclear capital cost and $55/Kw to the coal-fired plants' capital
costs.) The nuclear plant has a total energy cost, including
capital, fuel, and operation and maintenance, of 3.85 cents/Kwh
(1985 dollars), the coal plant without scrubbers, 5.24 cents;
the coal plant with scrubbers, 5.93 cents. These numbers are
based on a 66% capacity factor for the nuclear plant, 70% for
the coal plant without scrubbers, and 67% for the other coal

plant.

The assumptions used: long term inflation rate, 7% to 1981,
5% thereafter; nuclear fuel cost, 60 cents/million Etu (1985 cost),
eastern high sulfur coal, 240 cents, western low sulfur coal, 300
cents; uranium, $34/pound; enrichment, $100/Swu; fuel fabrication,

$120 per Kg; reprocessing and waste disposal, $200,000/tonne; and

plutonium credit, $14 gram.

To provide the electric generating needs of the nation, the
investor-owned utilities expect to spend about $122 billion on
construction over the next 5 years, of which 60% of the total will
be Outside_financinga In 1976, utilities spent $17 billion on
new electric plants and equipment. BAbout $i3 billion is expected
to be raised in 1977 for new electric generating capacity. These
are large numbers and will strain utility finances. Operating
revenues in 1976 were up 13%, indicative of the nation's recovery

from the recent recession--and electrical useage continues to



climb--up to about 6.3% growth rate for the year just ended.
predictions for 1977 show a similar growth rate. Zero growth
advocates, who felt the 1974-75 period was indicative of a
change in the public's perception of the need for conservation,

have had to recant their predictions.

The Nuclear Debate:

In a sense, the nuclear debate is a classic example in
which much of the public has perceptions not based on real
facts. Yet those perceptions are leading to behavior which the
enérgy industry has to deal with--citizen action to slow down

nuclear power.

Let's look more closely at the dynamics in this nuclear

debate.

The current state of public attitudes in the area of energy
and nuclear power can be outlined as follows:

1. There is still little public awareness of America's
real energy problems and the reality of energy
shortages. The public continues to believe that
the "crisis" is essentially caused by the oil
industry, with its allies the utilities, in their
mutual quest for higher profits.

2. The relationship between plentiful energy in
America and the overall health of the economy
is also not clear to the public. While the
people want increased employment opportunities
and a rising standard of living in the years
ahead, they sense little urgency for making
decisions now on basic energy supply questions,
like nuclear power or expanded coal develop-
ment. (The recent gas shortage, has however
hit home, but there is still a question as to
whether it is contrived or not.)



3. This combination of disbelie? in the basic enerqgy
problem and no clear sense of the energy/economy
linkage allows the public the opportunity of look-
ing very favorably on those who say "Why rush
into a decision on nuclear?", "Let's be extra
careful", "We should stop strip-mining of coal",
"Let's not allow the utilities to raise their
rates some more." ‘

While no one argues that development of new energy
sources, be they nuclear, coal, synthetic gas,
shale, off-shore drilling, should proceed without
all prudent attention to issues of safety and
environmental concern, the attitudinal climate

in the country today is one which allows the public
to weigh these decisions without properly consider-
ing the trade-offs involved, i.e., decreased
economic growth, lower job opportunities, higher
energy costs.

4. The oil and electric utilities industries are seen
to be making excessive profits today. Fully 71%
of the American public believe the electric
utilities have a profit margin significantly "too
high."

5. With regard to nuclear power, the public has serious
doubts about the safety of the technology. They
label nuclear power the "most dangerous" energy
source, and a majority believe a nuclear power plant
can_actually explode like an atomic bomb. Coupled
with this is a belief that nuclear power is the most
expensive form of energy.

6. With regard to greater reliance on coal as a source
of energy for electric utilities, the public opposes
relaxing air pollution standards so that more coal
can be burned. And it supports greater limitations
on strip-mining, particularly in the West.

7. There is a strong belief among the public that new
energy sources, particularly solar, are currently
available, or soon will be. This belief in other
alternatives again allows the public to avoid making
the hard, "real" choices about developing nuclear
energy and coal as the realistic ways of satisfying
America's energy needs for the next 25 years.

Once one understands these public attitudes, it is easy

to see why advocates of expanded coal usage and nuclear power




have been put increasingly on the defensive.

The fact to remember, however, is that the American people
are as yet undecided on the future role various energy sources,
including nuclear, should play. The biggest problem hindering
a sophisticated judgment on this question is basic lack of know-
ledge and facts. Within this current attitudinal milieu, scare‘
stories, confusion and irrationality often triumph. Only
through careful education of facts and knowledge can the people
know what the real choices are and can thereafter make the

decisions wisely.

Nuclear Initiatives:

In spite of what I have just said above, generally, in

the United States, the operating record of the nuclear generating

stations is accepted by the general public as evidenced by the
results of last year's moratorium votes. Without belaboring
you with the results, which you are undoubtedly fully aware of,

let me reiterate the percentages.

STATE FOR/AGAINST PERCENTAGE
Arizona 30/70
Colorado 29/71
Montana ' 42/58
Oregon 42/58
Ohio 32/68
Washington 33/67

Counting the‘June 8, 1976‘California vote, some 12 million
Anericans, representing seven states containing about 20% of the
total United States population, have had the opportunity to cast
their vote on nuclear power. To put this in perspective, the
recent Carter/Ford presidential margin was 51/48, so the signi-

ficance of these figures is very obvious.
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Further confirmation of this public attitude was
indicated in a Roper Report released in mid-October. Seventy
per cent favor continued advances in nuclear energy, 13%
believe we have gone as far as we should, 8% said we have

gone too far now, and 9% did not answer or know.

In 1977~-78, there is a possibility of two further votes--
Maine in 1977 and Michigan in 1978. Signature gathering is
in progress now in these states. However, we believe this
small number of new initiatives is indicative that the
referendum/initiative process to challenge nuclear expansion

has probably run its course.

Nuclear Fuel Cycle:

Now, however, it is probably time to turn to the most
emotional part of the industry--the nuclear fuel cycle.

The problems associated with the front end of the fuel
cycle are comparatively easily understood and the solutions

obvious.

In the front end, uranium supply and enrichment are the
two current problem areas. Insofar as the former, an increased
uranium exploration program is underway, with its objective
being the better definition and resolutioﬁ of known and proven
reserves. It is generally accepted that there are enough
reserves to fuel all plants in operation, under construction

or commited at this time and even beyond for their full life-

time.



The table below shows that ERDA's enrichment capacity
in 1986, nine years hence, even assuming completion
of a 9 million swu add-on at Portsmouth, will not

be adequate to meet anticipated demand. Demand in-
cludes enrichment services for 14]1~-189 Gwe of domestic
nuclear power plant capacity (96% of which is already
under contract) and 108 Gwe of foreign nuclear power
plant capacity (100% of which is already under
contract). The table is based on 0.2% U-235 tails,
the most economically favorable assay with Uj0g at
$52/1b. And enrichment charge at $110/swu. The table

also asgsumes no reprocessing of spent fuel.

Table I
ERDA SWU Demand/Supply

ERDA Supply**

Gwu Forecast for 1986 w/Portsmouth
SWU Demand* / Add-On
U.S. Foreign Total (millions) (millions)
Low Forecast 141 108 249 39.3 36.7
Mid Forecast 167 108 275 40.5 36.7
High Forecast 189 108 297 43.2 36.7

*

Includes 1.6 mm swu's for military use.
* %

Capacity with CIP and CUP complete will be 27.7 mm swu's
and with the Portsmouth add-on will total 36.7 mm swu's.



14.

some oObservations:

* The Portsmouth add-on is a necessity and must

be given priority to meet its scheduled completion
date for full operation in 1986. The supply/
demand crossover occurs in 1982/1983. The
Portsmouth add-on ié the best assurance of

obtaining the next increment of supply.

Construction lead times of 8-10 years necessitates
a decision in 1977 to increase enrichment capacity
beyond the Portsmouth add-on. Even with the
addition of another 9 million swu's the supply/

demand crossover occurs in 1989.

*  ERDA should maintain "transaction" tails at
0.2% U-235 and seek to set "operating" tails at

0.2% U-235 at the earliest possible time.

There are many problems that need to be resolved associated
with the end of the fuel cycle. I will not elaborate upon
them other than to note that they relate to regulatory indeci-
siveness. And, since these problems are well known, I shall

just touch upon a few.

1. GESMO - This document spans the scope of end-~of~cycle
activities. Its final determination will impact upon design,
construction, operation and economic viability of most nuclear
facilities. Whether Pu recycle is allowed or not, however U
recycle should be permitted and the spent fuel storage problem

must be addressed.



(It would seem like the best national policy interests
could be served by the separation of usable products and
wastes, and the resultant significant reduction, volume-
wise, in the generation of both high~level and transuranic

wastes, the ones that generate the most emotional reactions.)

2. Regulatory Uncertainty -~ Some of the facilities are

licensed under Part 70, some under Part 50, 10 CFR. There
are no real design criteria, Standard Review Plans, or any
other guides to an applicant. Therefore, in a way, there is
ﬁo such thing as the "ratcheting" that occurs with nuclear
power plants because that term implies an understood acceptable
starting point. There are basic licensing issues/decisions
which NRC must face, but due to lack of applicatioﬁs, and the
GESMO hearings, little, if any, effort is addressed to re-
solving these areas of contention. NRC itself possesses

only a small cadre of knowledgeable people and the effort in
some technical areas is diffuse. By that it is meant that

in some areas the Office of Nuclear Reactor Regulation pro-
vides the technical support - and one cannot use the methods
for a high pressure high energy system (reactor) and apply
them without judgement to a low pressure (much in vacuum),

low energy system such as a separations facility.

3. Foreign Policy Considerations - Without further ex-

planation, suffice to say that this whole area is completely
intermeshed with the State Department and Congress exercising

an extremely heavy hand.



4. Radioactive Wastes - This subject, which has been

debated nationally, requires little amplification. At this
time, there is no technological reason why wastes cannot be
solidified into a proper form. The problem lies with the
lack of criteria as to waste classification, the acceptable
form for disposition of each classification, and the establish-
ment of the ultimate repository. Even low~le§el wastes,
which used to be easily disposed of at burial sites, are the
subject of much concern - the current sites are filling up,
some have been closed, and new applications are being held
up. A seemingly minor problem, but one with significant

cost implications, is the eventual disposition of transuranic
contaminated wastes (the definition is lacking), reactor
cladding hulls and other hardware. Because of the major
uncertainties in this whole area (including possible safe-
guards requirements), this part of a reprocessing facility

could equal or exceed the costs of the separations facility.

The costs for disposal at the eventual government owned
and operated repository are still unknown. Industry should

participate in the establishment of the bases for these costs.

Opponents of nuclear power have exaggerated the problems
involved in permanent waste disposal by cénfusing the issue
with handling of liquid wastes from the military reactor
program, by hyperbolizing plutonium risks and by implying that

hugh quantities of wastes will be involved. Their charge



that there is no solution to the waste disposal issue
misstates the issue; a number of feasible options exist
and an orderly choice can be made if the public policy

process 1s not excruciated.

One should also recognize that liquid and gaseous wastes
also pose a significant uncertainty. Off-gas recovery for
krypton and iodines, particularly, can result not only in
as yet-to-be determined costs, but the lack of commercially

demonstrated operating systems could impact on plant operation.

5. Plutonium - This is inextricably tied into GESMO and

until the basic Pu recycle decision is made, it will be unlikely
that criteria for solid form and acceptable packaging will be
made. A small thing like packaging (design of container, its
accident conditions, the number that can be shipped on any one
vehicle, etc.) will require a late flurry of design and con-
struction activity for the special vehicle. (This same
problem, of course, applies to the wasté carrying vehicle,

for which, at this time, the designated container has not been
specified to a sufficient degree to permit design to commence.)
There is also a potential that Pu may not be separated out at
this time, but no decision has yet been made. That indecisive-
ness requires, then, that the separations.facility have

another degree of flexibility, not only in the original separa-
tions process, but throughout the remainder of the facility

as neutron fluxes and criticality considerations could in-

fluence piping design and layout.
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As an aside, one must always remember that a reactor is
designed for optimum criticality, a reprocessing plant to
prevent it--and the latter has a multiplicity of streams

and mixtures of varying enrichment and materials.

There is still some work that need to be done to improve
the solubility (and thereby the separation efficiency) of
mixed oxide fuels. Currently, they do not dissolve easily.
This can mean either a slower process or the addition of equip-

ment, which in either case costs money.

6. Safeguards Uncertainties = GESMO and the other

activities underway in this area pose significant design and

cost consideration. In addition, a reprocessing plant has

another related analytical problem--that of materials account-
ability. While in a reactor, SNM accountability is a simple
matter, the question of accuracy of measurement, of which streamns,
and frequency of complete inventory, can impact upon facility
operation, layout and, in some cases, the lack of precise

measuring equipment is still a significant technical problem.

Because many of these problems will be discussed in great
detail by the speakers in following sessions, I will not elaborate
further at this time other than to note that these problems have
Oor can be solved. As noted, many of these problems result from
the failure of government leadership to make decisions. Due
to this apparent policy of only making decisions at the latest
(and in some cases, too late) hour, industry finds itself in
a position that does not permit it to make the necessary in-

vestment due to an uncertain capital return. This uncertainty



is hydra-headed in that the timing of the decision, the nature
of the proposed action or whether a moratorium or prohibition
will result, are all possibilities. Prudent businessmen,
without some form of government guaranty, cannot commit their
organization's funds in what must be construed as an extremely
risky investment. Insofar as just the reprocessing segment

of the end of the fuel cycle is concerned, hundreds of millions
of dollars of private funds have been expended but, as you

are aware, not one commercial plant is in operation at this

time in the United States.

National Environmental Policy Act and the Public Interest -

Not mentioned in the above listing, but of equal importance,
is the leniency exercised by the various appeal boafds and
courts to people with obvious bias, marginal interests and paltry
arguments. The saddest element of this situation is that even
these judicial (or quasi~judicial) tribunals fully recognize
that their "widest latitude in the public interest" admissibility
criteria is perhaps not in the public interest. So, the charade
goes on, with many dollars and hours spent answering semi-
facetious questions for many groups whose only real interest
is simple~-cause delay which causes increased costs, which can
eventually cause investors to lose interest in the nuclear

option.

To be sure, there are genuinely concerned citizens and
groups that fully deserve to be heard and answered as completely

as possible. The age of the consumer voice is here and a
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failure to recognize it will only result in the failure of a
democratic society to function properly for its citizens.
Genuine public concern is everyone's concern, but phony
litigation should be recognized for what it is and the
agencies that are to deal with it should deal sharply and

mercifully with it.

The Seabrook case in New Hampshire is an example of an
agency bending over backwards to air an argument that resulted
in an investment of over $300 million so far being stopped.
And even if the decision is reversed, an increased cost to
the consumer for his electricity will result--for which he
will pay. The magnitude of thé argument boils down to this:
the plankton damage caused by the increased temperature equals
that consumed by four healthy blue whales everyday. Somehow

we must regain our perspective.

The purpose of our National Environmental Policy Act of

1969 was to protect man--sometimes this seems to be forgotten
in the process. And, I seriously doubt whether the whale
population of the world, given they had a voice, would object
to this incursion into their dominion. The rhetoric, however,
has progressed almost to the point where the real "guts" of
the issue will be difficult to surface. The arguments have
many times devolved into a crusade for principle without a

reasoned recognition of the needs of man.
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Cne wonders not whether man can live in peace with
nature, but whether he can live in harmony with his own narrow
peliefs of nature. The apparent martyrdom of the pseudo-
environmentalists is admired by many citizens. What they
fail to recognize is that in the end it is they themselves,

the citizens, who have been crucified by those they admired.

The plutonium'spectre has been raised and dragged
across the pages of the press as if it were something that
had been secreted from the public. Five years ago I went to
tﬁe Council of Environmental Quality and explained to them
what reprocessing was all about and they complimented us on
doing just what this nation needed--reducing wastes, more
efficiently using resources through recycling, and ﬁtilizing
the self~generated plutonium. A few years later, that same
facility, with improved waste recovery systems, was labeled
an extremely dangerous facility that must be stopped until
detailed scrutiny could be applied to it. The prior plaudits

had evaporated.

Nothing, however, had changed except a response to politi-
cally active "environmentalists." The technical arguments of
the company had actually improved, but the societal-political
arguments, which had largely been ignored aue to their in-
Calculable nature, came to the top. This is an area where

industry has not been sufficiently alert.



gnergy Policy -

The potential for a meaningful solution to many of these
problems rests with the development and resolution of a national
energy policy that recognizes the proper contribution that fossil,
nuclear, conservation and advanced energy systems can make and

in what time frame.

The development of that policy will require a concerted
effort between the legislative and executive branches of our
government. In January, Congress reorganized its committee
operations and essentially dissolved the principal nuclear
focal point-~the Joint Committee on Atomic Energy. This will
make the development of a program more difficult as the new
Congress attempts to evolve a policy. In addition, new faces
in leadership roles must get up to speed. S0, we are faced
with a new administration, a Congress with a diffused committee
structure, led by new faces with an as-yet undetermined position

in many vital areas.

One example area of confusion is the future fate of the
breeder. Public utterances by the new administration have not
been reassuring. Industry itself is not certain of the direction
that it desires the program to take-~-the dgvelopment of the
next generation of commercial breeders is most confusing. How
it will occur, how many, what the mechanism will be for its
development (government/industry participation), and the time

frame will be subjects that nced to be resolved.



Industry experience in the efforts for development of
the Clinch River Breeder Reactor have not been as anticipated.
Future similar arrangements will be entered into probably
only with different terms and conditions. It is also difficult
to imagine much in the way of industry commitment without a
closing of the LWR fuel cycie and reasonable assurance that
the breeder cycle will also be closed. The utility industry

needs the reassurance that it has failed to receive thus far.

Conclusion -~

It is too early to indicate the policy that the Carter
Administration will follow. It has announced its intention
to submit a comprehensive energy policy by mid-April. Insofar
as nuclear, we do know that prior to taking office £hey queried
the breeder program; viewed with caution private commercial
enrichment; and believed that insofar as nuclear reactors,
they should be located below ground in vacuum containments,
in sparsely populated areas, with a federal employee with shut-
down authority stationed in the control room. Only time will
see whether this evolves into the announced program. One of
the real difficulties in our political system is that the
solution to these problems will take a long time, but many
politicians are interested only in what will occur during
their term of office. We may see short term fictitious
solutions when viewed from the reality of the long term nature

0of the problem, and the question is whether the pressure on the



new Administration to produce solutions now will subvert the
proper "payoff" ten to fifteen years from now. We do have a
cautious optimism that the pioblems will be overcome by a

policy that provides the needed direction and leadership.

There has been a semi-official attitude that nuclear is
the last resort. We in the industry will accept that if the
interpretation is that instead of the slogan "nuclear and
coal”, it becomes "coal and nuclear." All energy sources
are needed, not just a select one or two. As noted above,
the "last resort" brought this country through a crisis a few
weeks ago. We are trying to tell that story as well as look
ahead. We must focus on the fact that industry's fuel cycle

options are limited and governmental decisions are needed now.

In closing, I would like to repeat the words of Robert Frost,

quoted as the lead in Amory Lovin's recent article:
"Two roads diverged in a yellow wood,
And I took the one less travelled by-
And that has made all the difference."”

Twenty~-five years ago was the birth of generation of
electricity from nucear power--certainly "a road less travelled
by." The dedication of thousands of people has produced safe,
clean, economical nuclear power plants that have over 200 accident
free years of operating experience and whose worth to our nation's
industry and balance of payments has been clearly demonstrated.
Only by turning our back to these facts in search of unproven
sources will we really know the true meaning of those alluring

words "and that has made all the difference." To ignore nuclear



40,

will only make Puck's utterance more pertinent--"What fools
these mortals be." That we cannot be if we are to pursue

the ethical path of permitting our less fortunate neighbors

and the unborn generations their rights to a society that

has sufficient energy to provide for its needs. Our use of

the chemical hydrocarbons--coal, oil and gas--must be critically
analyzed in that light. Nuclear fission reactors, including

the breeder, and fusion hold the promise for our future.
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The United States has just weathered the most severe winter
in recent history, at a time when domestic energy resources were
insufficient. A new cry has gone up-~"What's the real story on
natural gas and why weren't we told before?"...a similar cry
to those heard during the long gas lines of a few years ago.
Even coal, our one plentifui domestic resource, was suffering--
mines were frozen, transportation routes were uncertain, and
there were instances when the train coal-hopper cars were frozen
and could not be unloaded; At one time, at least two million
additional people were out of work, states of emergency were
declared in many areas--for a week or more--schools were closed,
and heat was turned off in non-essential businesses using gas as

a fuel.

Had the approximately 20 million kilowatt-hours of electricity
estimated to have been produced by nuclear power plants in January
not been available, these consequences would have resulted:

* More than 257,000 jobs lost in this month.

* Nearly $230 million lost in monthly wages.

* A reduction of some $3.8 billion in the month

for various gbods, products, and services that
make up the gross national product.

* Additionally, the 10 million homes, 1 million

stores, office building and schools; and

60,000 factories, industries and manufacturing
plants that could have been served by this
nuclear generation would have needed their

energy requirements met by other means.



* Filling these demands for eliectricity by other
sources would have required:
~---32 million barrels of oil, nearly 13 per
cent of current monthly domestic production, or
--=182 billion cubic feet of natural gas, more
than 10 per cent of current monthly production, or
---9,.6 million tons of coal, about 17 per cent of

Y

current monthly production.

Much is heard in the United States today about the need for
anvenergy policy. However, and with bowed head, I must admit that
indeed we do have an energy policy that is just as real as one in
writing. We have a "de facto" policy of non-policy, which shapes
our thinking and actions with as much_impact. The ﬁeéd to plan,
rather than exist in a staccato fashion, is unquestioned...but

undone.

However, in our society both public understanding and
confidence in the real gravity of the situation is a necessity--
and that we do not have. Although politicians have mouthed the
words now and again, it was with mixed pleasure to hear the words
loud and clear from President Carter, at his first fireside chat

last month, that there is no short range solution to the energy

crisis. As a nation, to make things right, we always have sought
either a panacea or else faith in Divine Providence. 1 believe
the constant reminders that the United States will undergo over
the next several years will bring home to all but the most

skeptical, the reality of our nation's energy distress. It has



peen estimated that the energy needs of the United States in
the next 15 years will require 450,000 new oil and gas wells,
31 new refineries, 200 large coal mines, 2,700 unit trains,

30 uranium mining and milling complexes and 17 synthetic

fuel plants. The capital requirements for these new facilities
alone, even without allowing for inflation, may amount to
roughly $30 billion a year over the next 10 years--more than
double the energy industry's annual investment rate of the past

10 years.

Conservation:

The first panacea we grasp for is conservation. At this
juncture in our society, it is accepted that we have been waste-

ful of our resources.

We recognize we must trim our rate of enerqgy growth; but
we must also be mindful of the great disparities that exist
among existing households for we have our energy rich and our
energy poor. Those who advocate zero growth and spartanization
of our energy economy--s0, to speak a return to Walden Pond--should be
required to take a hard look at the economic consegquences of

such a proposal.

There are 70 million households today and up to 30 million
new households will be formed before the year 2000. A zero
growth policy will deny existing households energy for satisfy-
ing their basic requirements of many energy poor millions of
People. The advocates of zero growth must ponder where our house-

holds in formation will get their energy.



We cannot ratchet backward in time to the days of Walden
pond. Perhaps we should recall Thoreau's advice: "It is a

characteristic of wisdom not to do desperate things."

We do expect, however, that efforts to conserve energy
will prove beneficial over the next 25 years, with the possibility
of a 25% savings. It is not generally understood by the
American public, however, that energy requirements will demand
increased generation capacity regardless of the effectiveness
of our conservation program. It is expected that much greater
emphasis will be placed on conservation as a national policy.
Legislation with special tax incentives has been proposed both

nationally and in several of the states.

Nuclear Power Plant Status:

Of course, I came here to. talk about a recently much maligned
program-~nuclear. As an introduction, it might be worth noting

the status of the United States nuclear program as of January 1,

1977:

1976 1975 1974
Operating Licenses Issued 6 3 9
Construction Permits Issued 9 9 14
New Orders 3 5
Deferrals 7
Cancellations 2
Reactors Operating 64
Reactors Under Construction 90

Reactors Commited 228



It should be pointed out that the 90 units undexr construction
represent a backlog of over $60 billion and that the 228 nuclear
units thus far commited have a capacity about three times that
of the country's'entire electric power grid 25 years aqo, when
man first produced electricity from nuclear energy. By 1980,
it is quite likely that nuciear power will displace petroleum and

will be second only to coal as a source of electric power.

-

Ten of our 50 states get more than a quarter of the electricity
from nuclear power. Connecticut draws 50% of its electricity
from the atom, followed by Nebraska, 47%; Vermont, 44%;, Maine,
40%; South Carolina, 36%; Minnesota, 31%; Illinois, 30%; North
Carolina, 30%; Wisconsin, 29%; and Arkansas, 25%. puring the
recent cold wave, Chicago derived 48% of its power from: 6 of its
7 nuclear plants and the New England area as a whole, over 30%.
As a recent press release noted, "with only slight exaggeration,
nuclear power bailed the country out of an emergency on the morn-

ing of January 17."

Nuclear Performance:

There has been a lively discussion in the United States re-
garding the performance of nuclear versus fossil. I believe it
is genefally accepted that there is little difference between the
two. A recent report notes that a comparison of the cumulative
Unit availability for all fossil fired plants of 390 Mw or more
With comparable units fired only with coal and with préssurized

Water reactors gives values of 77.9%, "75.8%, and 74.7%. An



opjective of 80% availébility for mature nuclear power plants

i sometimes used in the industry, particularly as related to
regulatory activity. Our nuclear opponents frequently use this
figure to claim that nuclear power is not living up to its
promise. However, a study by one major United States nuclear
¢team system supplier, utilizing a base of 18 units, showed an
average unit availability in 1975 of 78.6%~-and the highest rated

unit stood at 93.9%. .

With performance records at this level, nuclear units are
on their way toward exceeding the availability of conventional

fossil-fired units.

It might do well to compare the availability factors for
one of our nation's largest utilities, Commonwealth Edison, for

large nuclear and coal-fired units for 1972, 1973, 1974, and

1575
AVAILABILITY FACTOR
1972 1973 1974 1975
Nuclear 72 82 68 64
Coal-fired 71 69 73 68

There is also a belief that the older reactors get, the
More unreliable they become. There is little data on "old"

Teactors since nuclear power is still in its adolescence.

The number of shutdowns for the "old" nuclear power plant,
Connecticut Yankee, is perhaps a good index of the reliability

°f the plant.



PLANT SHUTDOWNS

Year Planned Automatic Manual Total
1967 6 19 2 27
1968 13 12 1 26
1969 5 5 7 17
1970 9 6 2 17
1971 4 4 2 10
1972 5 3 0 8
1973 6 0 1 7
1974 5 4 0 9
1975 5 1 0 6

[y

The data would indicate that perhaps plant performance im-

proves with age.

Nuclear Generation Costs:

Nuclear power plant costs have also been the subject of much

study and discussion during the past year.

From an analysis of the various data available, it is evident
that the difference in capital costs for nuclear power and coal
plants with stack-gas scrubbers will narrow considerably in the
mid-1980's, making electricity generated by nuclear far cheaper

because of lower fuel costs.

One projection indicates that a 1200~-megawatt nuclear plant
build in the northeast United States to operate in 1985-1987 will

cost $1300 per kilowatt, assuming 7% inflation.

The capital cost of a coal-fired plant of equivalent capacity

will be nearly $1200 per kilowatt, if scrubbers are required.

Another study gave similar results--conventional nuclear
plant, $975/Kw. (This is in 1985 dollars and includes interest

during construction.)



For an 850 Mw coal plant without scrubkers, using western
coal, and located in the northeast, capital costs of $765/Kw
are estimated. (If cooling towers are required, add $85/Kw to
nuclear capital cost and $55/Kw to the coal-fired plants' capital
costs.) The nuclear plant has a total energy cost, including
capital, fuel, and operation and maintenance, of 3.85 cents/Kwh
(1985 dollars), the coal plant without scrubbers, 5.24 cents;
the coal plant with scrubbers, 5.93 cents. These numbers are
based on a 66% capacity factoy for the nuclear plant, 70% for
the coal plant without scrubbers, and 67% for the other coal

plant.

" The assumptions used: long term inflation rate, 7% to 1981,
5% thereafter; nuclear fuel cost, 60 cents/million Etu {1985 cost),
eastern high sulfur coal, 240 cents, western low sulfur coal, 300
cents; uranium, $34/pound; enrichment, $100/Swu; fuel fabrication,
$120 per Kg; reprocessing and waste disposal, $200,000/tonne; and

plutonium credit, $14 gram.

To provide the electric generating needs of the nation, the
investor-owned utilities expect to spend about $122 billion on
construction over the next 5 years, of which 60% of the total will
be outside financing. In 1976, utilities spent $17 billion on
hew electric plants and equipment. About $13 billion is expected
to be raised in 1977 for new electric generating capacity. These
are large numbers and will strain utility finances. Operating
fevenues in 1976 were up 13%, indicative of the nation's recovery

from the recent recession--and electrical useage continues to



climb--up to about 6.3% growth rate for the year just ended.
predictions for 1977 show a similar growth rate. Zero growth
advocates, who felt the 1974-75 period was indicative of a
change in the public's perception of the need for conservation,

have had to recant their predictions.

The Nuclear Debate:

In a sense, the nuclear debate is a classic example in
which much of thé public has perceptions not based on real
facts. Yet those perceptions are leading to behavior which the
energy industry has to deal with--citizen action to sloQ down

nuclear power.

Let's look more closely at the dynamics in this nuclear

o

debate.

The current state of public attitudes in the area of energy
and nuclear power can be outlined as follows:

1. There is still little public awareness of America's
real enerqgy problems and the reality of energy
shortages. The public continues to believe that
the "crisis" is essentially caused by the oil
industry, with its allies the utilities, in their
mutual quest for higher profits.

2. The relationship between plentiful energy in
America and the overall health of the economy
is also not clear to the public. While the
people want increased employment opportunities
and a rising standard of living in the years
ahead, they sense little urgency for making
decisions now on basic energy supply questions,
like nuclear power or expanded coal develop-~
ment. (The recent gas shortage, has however
hit home, but there is still a guestion as to
whether it is contrived or not.)



3. This combination of disbelief in the basic energy
problem and no clear sense of the energy/economy
linkage allows the public the opportunity of look-
ing very favorably on those who say "Why rush
into a decision on nuclear?", "Let's be extra
careful”, "We should stop strip-mining of coal",
"Let's not allow the utilities to raise their
rates some more."

While no one argues that development of new energy
sources, be they nuclear, coal, synthetic gas,
shale, off-shore drilling, should proceed without
all prudent attention to issues of safety and
environmental concern, the attitudinal climate

in the country today is one which allows the public
to weigh these decisions without properly consider-
ing the trade-offs involved, i.e., decreased
economic growth, lower job opportunities, higher
energy costs. '

4. The oil and electric utilities industries are seen
to be making excessive profits today. Fully 71%
of the American public believe the electric
utilities have a profit margin significantly "too
high." ’

5. With regard to nuclear power, the public has serious
doubts about the safety of the technology. They
label nuclear power the "most dangerous" energy
source, and a majority believe a nuclear power plant
can actually explode like an atomic bomb. Coupled
with this is a belief that nuclear power is the most
expensive form of energy.

6. With regard to greater reliance on coal as a source
of energy for electric utilities, the public opposes
relaxing air pollution standards so that more coal
can be burned. And it supports greater limitations
on strip-mining, particularly in the West.

7. There is a strong belief among the public that new
energy sources, particularly solar, are currently
available, or soon will be. This belief in other
alternatives again allows the public to avoid making
the hard, "real" choices about developing nuclear
energy and coal as the realistic ways of satisfying
America's energy needs for the next 25 years.

Once one understands these public attitudes, it is easy

to see why advocates of expanded coal usage and nuclear power




pave been put increasingly on the defensive.

The fact to remember, however, is that the American people
are as yet undecided on the future role various energy sources,
including nuclear, should play. The biggest problem hindering
a sophisticated judgment on this question is basic lack of know-
ledge and facts. Within this current attitudinal milieu, scare‘
stories, confusion and irrationality often triumph. Only
through careful education of facts and knowledye can the people
know what the réal choices are and can thereafter make the

decisions wisely.

Nuclear Initiatives:

In spite of what I have just said above, generally, in

the United States, the operating record of the nuclear generating

stations is accepted by the general public as evidenced by the
results of last year's moratorium votes. Without belaboring
you with the results, which you are undoubtedly fully aware of,

let me reiterate the percentages.

STATE FOR/AGAINST PERCENTAGE
Arizona 30/70
Colorado . 29/71
Montana 42/58
Oregon 42/58
Ohio 32/68
Washington 33/67

Counting the June 8, 1976 California vote, some 12 million
Anericans, representing seven states containing about 20% of the
total United States population, have had the opportunity to cast
their vote on nuclear power. To put this in perspective, the
Yecent Carter/Ford presidential margin was 51/48, so the signi-

ficance of these figures is very obvious.



Further confirmétion of this public attitude was
indicated in a Roper Report released in mid-October. Seventy
per cent favor continued advances in nuclear enerqgy, 13%
believe we have gone as far as we should, 8% said we have

gone too far now, and 9% did not answer or know.

In 1977-78, there is a possibility of two further votes--
Maine in 1977 and Michigan in 1978. Signature gathering is
in progress now in these states. However, wé believe this
small number of new initiatives is indicative that the

referendum/initiative process to challenge nuclear expansion

has probably run its course.

Nuclear Fuel Cycle:

"

Now, however, it is probably time to turn to the most
emotional part of the industry--~the nuclear fuel cycle.

The problems associated with the front end of the fuel
cycle are comparatively easily understood and the solutions

obvious.

In the front end, uranium supply and enrichment are the
two current problem areas. Insofar as the former, an increased
uranium exploration program is underway, with its objective
being the better definition and resolution.of known and proven
reserves. It is generally accepted that there are enough
reserves to fuel all plants in operation, under construction
Or commited at this time and even beyond for their full life-

time.



The table below shows that ERDA's enrichment capacity
in 1986, nine years hence, even assuming completion

of a 9 million swu add-on at Portsmouth, will not

be adequate to meet anticipated demand. Demand in-
cludes enrichment services for ]4]1-]189 Gwe of domestic
nuclear power plant capacity (96% of which is already
under contract) and 108 Gwe of foreign nuclear power
plant capacity (100% of which is alread; under
contract). The table is based on 0.2% U-235 tails,
the most economically favorable assay with U30g at

$52/1b. and enrichment charge at $110/swu. The table

also assumes no reprocessing of spent fuel.

Table I
ERDA SWU Demand/Supply

ERDA Supply**

Gwu Forecast for 1986 w/Portsmouth
SWU Demand* / Add-On
U.S5. Foreign Total (millions) (millions)
Low Forecast 141 -~ 108 249 39.3 36.7
Mid Forecast 167 108 275 40.5 36.7
High Forecast 189 108 297 43.2 36.7

Includes 1.6 mm swu's for military use.
Capacity with CIP and CUP complete will be 27.7 mm swu's
and with the Portsmouth add-on will total 36.7 mm swu's.



some observations:

* The Portsmouth add-on is a necessity and must
be given priority to meet its scheduled completion
date for full operation in 1986. The supply/
demand crossover occurs in 1982/1983. The
Portsmouth add-on ié the best assurance of

obtaining the next increment of supply.

* Construction lead times of 8-10 yearé necessitates
a decision in 1977 to increase enrichment capacity
beyond the Portsmouth add-on. Even with the
addition of another 9 million swu's the supply/

demand crossover occurs in 1989.

* ERDA should maintain "transaction" tails at
0.2% U-235 and seek to set "operating" tails at

0.2% U~235 at the earliest possible time,

There are many problems that need to be resolved associated
with the end of the fuel cycle. I will not elaborate upon
them other than to note that they relate to regulatory indeci-
siveness. And, since these problems are well known, I shall

just touch upon a few.

1. GESMO ~ This document spans the scope of end-of-cycle
activities. 1Its final determination will impact upon design,
construction, operation and economic viability of most nuclear
facilities. Whether Pu recycle is-allowed or not, however U

recycle should be permitted and the spent fuel storage problem

must be addressed.



(It would seem like the best national policy interests
could be served by the separation of usable products and
wastes, and the resultant significant reduction, volume-
wise, in the generation of both high~level and transuranic

wastes, the ones that generate the most emotional reactions.)

2. Regulatory Uncertainty - Some of the facilities are
licensed under Part 70, éome under Part 50, 10 CFR. There
are no real design criteria, Standard Review Plans, or any
other guides to an applicant. Therefore, in a way, there is
ﬁo such thing as the "ratcheting” that occurs with nuclear
power plants because that term implies an understood acceptable
starting point. There are basic licensing issues/decisions
which NRC must face, but due to lack.of applicatiohs, and the
GESMO hearings, little, if any, effort is addressed to re-
solving these areas of contention. NRC itself possesses
only a small cadre of knowledgeable people and the effort in
some technical areas is diffuse. By that it is meant that
in some areas the Office of Nuclear Reactor Regulation pro-
vides the technical support - and one cannot use the methods
for a high pressure high energy system (reactor) and apply
them without judgement to a low pressure {(much in vacuum),

low energy system such as a separations facility.

3. Foreign Policy Considerations - Without further ex-

planation, suffice to say that this whole area is completely
intermeshed with the State Department and Congress exercising

an extremely heavy hand.



4. Radioactive Wastes = This subject, which has been

debated nationally, requires little amplification. At this
time, there is no technological reason why wastes cannot be
solidified into a proper form. The problem lies with the
lack of criteria as to waste classification, the acceptable
form for disposition of each classification, and the establish-
ment of the ultimate repository. Even low-level wastes,
which used to be easily disposed of at burdial sites, are the
subject of much concern - the current sites are filling up,
some have been closed, and new applications are being held
up. A seemingly minor problem, but one with significant

cost implications, is the eventual disposition of transuranic
contaminated wastes (the definition is lacking), reactor
cladding hulls and other hardware. ‘Because of the major
uncertainties in this whole area (including possible safe-

guards requirements), this part of a reprocessing facility

could equal or exceed the costs of the separations facility.

The costs for disposal at the eventual government owned
and operated repository are still unknown. Industry should

participate in the establishment of the bases for these costs.

Opponents of nuclear power have exaggerated the problems
involved in permanent waste disposal by cénfusing the issue
with handling of liquid wastes from the military reactor
program, by hyperbolizing plutonium risks and by implying that

hugh quantities of wastes will be*involVed. Their charge



that there is no solution to the waste disposal issue
misstates the issue; a number of feasible options exist
and an orderly choice can be made if the public policy

process is not excruciated.

One should also recognize that liquid and gaseous wastes
also pose a significant uncertainty. Off-gaé recovery for
krypton and iodines, particularly, can result not only in

as yet-to-be determined costs, but the lack of commercially

demonstrated operating systems could impact on plant operation.
Y 7

5. Plutonium - This is inextricably tied into GESMO and
until the basic Pu recycle decision is made, it will be unlikely
that criteria for solid form and acceptable packaging will be
made. A small thing like packaging (deésign of container, its
accident conditions, the number that can be shipped on any one
vehicle, etc.) will require a late flurry of design and con-
struction activity for the special vehicle. (This same
problem, of course, applies to the waste carrying vehicle,
for which, at this time, the designated container has not been
specified to a sufficient degree to permit design to commence.)
There is also a potential that Pu may not be separated out at
this time, but no decision has yet been made. That indecisive-
ness requires, then, that the separations.facility have
another degree of flexibility, not only in the original separa-
tions process, but throughout the remainder of the facility
as neutron fluxes and criticality considerations could in-

fluence piping design and layout.

The U. S. Znvironmental Protedtion Agency has recently promulgated
‘standards for the Fuel Cycle requiring for any such radioactive materials
(Krg5 and 1199) generated by the fission process. After Jan. 1, 1983,
these Isotopes must be collected., e expect oFA to also add to the
standard C'%. The remainder of the standard (25 mrem/yr.whole body,

75 mrem/yr..to thyroid, 0.5 mc of Fu 229) will go into effect Dec. 1,
1979 except for Umills which goes into effect Dec. 1, 1980.



As an aside, one must always remember that a reactor is
designed for optimum criticality, a reprocessing plant to
prevent it--and the latter has a multiplicity of streams

and mixtures of varying enrichment and materials.

There is still some work that need to be done to improve
the solubility (and thereby the separation efficiency) of
mixed oxide fuels. Currently, they do not dissolve easily.
This can mean either a slower process or the addition of equip-

ment, which in either case costs money.

6. Safequards Uncertainties = GESMO and the other

activities underway in this area pose significant design and

cost consideration., In addition, a reprpcessing plant has

another related analytical problem--that of materials account-
ability. While in a'reactor, SNM accountability is a simple
matter, the question of accuracy of measurement, of which streams,
and frequency of complete inventory, can impact upon facility
operation, layout and, in some cases, the lack of precise

measuring equipment is still a significant technical problem.

Because many of these problems will be discussed in great
detail by the speakers in following sessions, I will not elaborate
further at this time other than to note that these problems have
Or can be solved. As noted, many of these problems result from
the failure of government leadership to make decisions. Due
to ﬁhis apparent policy of only making-decisions at the latest
{and in some cases, too late) hour, industry finds itself in
a4 position that does not permit it to make the necessary in-

Vestment due to an uncertain capital return. This uncertainty



is hydra-headed in thét the timing of the decision, the nature
of the proposed action or whether a moratorium or prohibition
will result, are all possibilities. Prudent businessmen,
without some form of government guaranty, cannot commit their
organization's funds in what must be construed as an extremely
risky investment. Insofar as just the reprocessing segment

of the end of the fuel cycle is concerned, hundreds of millions
of dollars of private funds have been expended: but, as you

are aware, not one commercial plant is in operation at this

time in the United States.

National Environmental Policy Act and the Public Interest -

Not mentioned in the above listing, but of equal importance,
is the leniency exercised by the various appeal boafds and
courts to people with obvious bias, marginal interests and paltry
arguments. The saddest element of this situation is that even
these judicial (or quasi-~judicial) tribunals fully recognize
that their "widest latitude in the public interest" admissibility
criteria is perhaps not in the public interest. So, the charade
goes on, with many dollaré and hours spént answering semi-
facetious questions for many groups whose only real interest
is simple-~cause delay which causes increased costs, which can
eventually cause investors to lose interest in the nuclear

option.

To be sure, there are genuinely concerned citizens and
groups that fully deserve to be heard.and answered as completely

as possible. The age of the consumer voice is here and a



failure to recognize it will only result in the failure of a
democratic society to function properly for its citizens.
Genuine public concern is everyone's concern, but phony
litigation should be recognized for what it is and the
agencies that are to deal with it should deal sharply and

mercifully with it.

The Seabrook case in New Hampshire is an example of an
agency bending over backwards to air an argument that resulted
in an investment of over $300 million so far being stopped.
And even if the decision is reversed, an increased cost to
the consumer for his electricity will resuit~-for which he
will pay. The magnitude of the argument boils down to this:
the plankton damage caused by the incféased temperature equals
that consumed by four healthy blue whales everyday. Somehow

we must regain our perspective.

The purpose of our National Environmental Policy Act of
1969 was to protect man--sometimes this seems to be forgotten
in the process. And, I seriously doubt whether the whale
population of the world, given they had a voice, would object
to this incursion into their dominion. The rhetoric, however,
has progressed almost to the point where the real "guts" of
the issue will be difficult to surface. The arguments have
many times devolved into a crusade for principle without a

reasoned recognition of the needs of man.



Energy Policy -

The potential for a meaningful solution to many of these
problems rests with the development and resolution of a national
energy policy that recognizes the proper contribution that fossil,
nuclear, conservation and advanced energy systems can make and

in what time frame.

The development of that policy will require a concerted
effort between the legislative and executive branches of our
government. In January, Congress reorganized its committee
operations and essentially dissolved the principal nuclear
focal point--the Joint Committee on Atomic Energy. This will
make the development of a program more difficult as the new
Congress attempts to evolve a policy. .In addition,.new faces
in leadership roles must get up to speed. So, we are faced
with a new administratibn, a Congress with a diffused committee
structure, led by new faces with an as-yet undetermined position

in many vital areas.

One example area of confusion is the future fate of the
breeder. Public utterances by the new administration have not
been reassuring. Industry itself is not certain of the direction
that it desires the program to take-=-the dgvelopment of the
next generation of commercial breeders is most confusing. How
it will occur, how many, what the mechanism will be for its
development (government/industry participation), and the time

frame will be subjects that nced to be resolved.



One wonders not whether man caﬁ live in peace with
nature, but whether he can live in harmony with his own narrow
beliefs of nature. The apparent martyrdom of the pseudo-
environmentalists is admired by many citizens. What they
fail to recognize is that in the end it is they themselves,

the citizens, who have been crucified by those they admired.

The plutonium'spectre has been raised and dragged
across the pages of the press as if it were something that
had been secreted from the public. Five years ago I went to
tﬁe Council of Environmental Quality and explained to them
what reprocessing was all about and they complimented us on
doing just what this nation needed--reducing wastes, more
efficiently using resources through recycling, and ﬁtilizing
the self-generated plutonium. A few years later, that same
facility, with improved waste recovery systems, was labeled
an extremely dangerous facility that must be stopped until
detailed scrutiny could be appiied to it. The prior plaudits

had evaporated.

Nothing, however, had changed except a response to politi-
cally active "environmentalists." The technical arguments of
the company had actually improved, but the societal-political
arguments, which had largely been ignored due to their in-
calculable nature, came to the top. This is an area where

industry has not been sufficiently alert.



Industry experiencé in the efforts for development of
the Clinch River Breeder Reactor have not been as anticipated.
puture similar arrangements will be entered into probably
only with different terms and conditions. It is also difficult
to imagine much in the way of industry commitment without a
closing of the LWR fuel cycie and reasonable assurance that
the breeder cycle will also be closed. The utility industry

needs the reassurance that it has failed to receive thus far.

Conclusion -

It is too early to indicate the policy that the Carter
Administration will follow. It has announced its intention
to submit a comprehensive energy policy by mid-~April. Insofar
as nuclear, we do know that prior to taking office ﬁhey queried
the breeder program; viewed with caution private commercial
enrichment; and believed that insofar as nuclear reactors,
they should be located below ground in vacuum containments,
in sparsely populated areas, with a federal employee with shut-
down authority stationed in the control room. Only time will
see whether this evolves ihto the announced program. One of
the real difficulties in our political system is that the
solution to these problems will take a long time, but many
politicians are interested only in what will occur during
their term of office. We may see short term fictitious
solutions when viewed from the reality of ihe long term nature

of the problem, and the question is whether the pressure on the



new Administration to produce solutions now will subvert the
proper "payoff" ten to fifteen years from now. We do have a
cautious optimism that the pioblems will be overcome by a

policy that provides the needed direction and leadership.

There has been a semi-official attitude that nuclear is
the last resort. We in the industry will accept that if the
interpretation is that instead of tﬁe slogan "nuclear and
coal", it becomes "coal and nuclear." All energy sources
are needed, not just a select one or two. As noted above,
the "last resort” brought this country through a crisis a few
weeks ago. We are trying to tell that story as well as look

ahead. We must focus on the fact that industry's fuel cycle

options are limited and governmental decisions are needed now.

In closing, I would like to repeat the words of Robert Frost,

guoted as the lead in Amory Lovin's recent article:
"Two roads diverged in a yellow wood, |
And I took the one less travelled by-
And that has made all the difference."

Twenty-five years égo was the birth of generation of
electricity from nucear power--certainly "a road less travelled
by." The dedication of thousands of people has produced safe,
clean, economical nuclear power plants that have over 200 accident
free years of operating experience and whose worth to our nation's
industry and balance of payments has been clearly demonstrated.
Only by turning our back to these facts in search of unproven
sources will we really kiaow the trué meaning of those alluring

words "and that has made all the difference." To ignore nuclear



will only make Puck's utterance more pertinent--"What fools
these mortals be." That we cannot be if we are to pursue

the ethical path of permitting our less fortunate neighbors

and the unborn generations their rights to a society that

has sufficient energy to provide for its needs. Our use of

the chemical hydrocarbons--coal, oil and gas--must be critically
analyzed in that light. Nuclear fission reactors, including

the breeder, and fusion hold the promise for ‘our future.
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The United States has jusl weathered the most severe w nai,fo
in recent history, at a time when domestic energy resources were
insufficient. A new cry has gone up--"What's thexreal story on
natural gas and why weren't we told before?"...a similar cry
to those heard during the long gas lines of a few years ago.
Even coal, our one plentiful domestic resource, was suffering--
mines were frozen, transportation routes were uncertain, and
there were instances when the train coal-hopper cars were frozen
and could not be unloaded. At one time, at least two million
additional people were out of work, states of emergency were
declared in many areas-~-for a week or more--schools were closed,

and heat was turned off in non-essential businesses using gas a:

a fuel.

Had the approximately 20 million kilowatt-hours of electricity
estimated to have been produced by nuclear power plants in January
not been available, these consequences would have resulted:

*  More than 257,000 jobs lost in this month.

*  Nearly $230 million lost in monthly wages.

* A reduction of some $3.8 billion in the month

for various goods, products, and services that
make up the gross national product.

*  Additionally, the 10 million homes, 1 million
stores, office building and schools; and
60,000 factories, industries and manufacturing
plants that could have been served by this
nuclear generation would have needed their

energy requirements met by other means.



* Filling these demands [or eiectricity by other
sources would have required:
-~-32 million barrels of oil, nearly 13 per
cent of current monthly domestic prbduction, or
-=-=182 billion cubic feet of natural gas, more
than 10 per cent of current monthly production, or
~--=9,.6 million tons of coal, abou£ 17 per cent of

current monthly production.

Much is heard in the United States today about the need for
an energy policy. However, and with bowed head, I must admit that
indeed we do have an energy policy that is just as real as one in
Qriting. We have a "de facto" policy of non-policy, which shape.
our thinking and actions with as much_ impact. The need to plan,
rather than exist in a staccato fashion, is unquestioned...but

undone.

However, in our society both public understanding and
confidence in the real gravity of the situation is a necessity-=-
and that we do not have. Although politicians have mouthed the
words now and again, it was with mixed pleasure to hear the words

loud and clear from President Carter, at his first fireside chat

crisis. As a nation, to make things right, we always have sought
either a panacea or else faith in Divine Providence. I believe
the constant reminders that the United States will undergo over
the next several years will bring home to all but the most

skeptical, the reality of our nation's enerc distress. It has
- ¥ N z



been estimated that the energy noeds of the Unitéd States in
the next 15 years will reqﬁire 450,000 new oil and gas wells,
31 new refineries, 200 large coal mines, 2,700 unit trains,

30 uranium mining and milling complexes and 17 synthetic

fuel plants. The capital requirements for these new facilities
alone, even without allowing for inflation, may amount to
roughly $30 billion a year over the next 10 yeavrs--more than

i

double the energy industry's annual investment rate of the past

10 years.

Conservation:

The first panacea we grasp for is conservation, At this
juncture in our society, it is accepted that we have been waste-

ful of our resources.

We recognize we must trim our rate of energy growth, but
we must also be mindful of the great disparities that exist
among existing households for we have our energy rich and our
energy poor. Those who advocate zero growth and spartanization
of our enerqgy economy--so, to speak a return to Walden Pond--should be
regquired to take a hard look at the economic consequences of

such a proposal.

There are 70 million households today and up to 30 million
new households will be formed before the year 2000. A zero
growth policy will deny existing households energy for satisfy-
ing their basic requirements of many energy poor millions of
people. The advocates of zero growth must pondef where our house-

holds in formation will get their enerqgy.



We cannot ratchet backward in time to the days of Walden
Pond. Perhaps we should recall Thoreau's advice: "It is a

characteristic of wisdom not to do desperate things.”

‘ We do expect, however, that efforts to conserve enerqy
Will prove beneficial over the next 25 years, with the possibility
of a 25% savings. It ;s not generally understood by the
American public, however, that energy reguirements will demand
increased generation capacity regardless of the effectiveness
of our conservation program. It is expected that much greater
emphasis will be placed on conservation as a national policy.
Legislation with Spgcial tax incentives has been proposed both

nationally and in several of the states.

Nuclear Power Plant Status:

Of course, T came here to talk about a recently much maligned
program--nuclear. As an introduction, it might be worth noting
the status of the United States nuclear program as of January 1,
1977:

1976 1975

Operating Licenses Issued 6 3 9
Congtruction Permits Issued 9 9 14
New Orders , 3 )
Deferrals 7

Cancellations 2

Reactors Operating 64

Reactors Under Cohstruction 50

Reactors Commited 228



¢

It should be pointed out that the 90 units under construction
represent a backlog of over $60 billion and that the 228 nuclear
units thus far commited have a capacity about three times that
of the country's entire electric power grid 25 vears ago, when
man first produced electricity from nuclear energy. By 1980,
it 1s quite likely that nuciear power will displace petroleum and

will be gecond only to coal as a source of electric power.

Ten of our 50 states get more than a quarter of the electricity
from nuclear power. Connecticut draws 50% of its electricity
from the atom, followed by Nebraska, 47%; Vermont, 44%;, Maine,
40%; South Cafolina, 36%; Minnesota, 31%; Illinois, 30%; North
Carolina, 30%; Wisconsin, 29%; and Arkansas, 25%, During the
recent cold wave, Chicago derived 48% of its power from 6 of its
7 nuclear plants and the New England area as a whole, over 30%.
As a recent press release noted, "with only slight exaggeration,
nuclear power bailed the coﬁntry out of an emergency on the morn-

ing of January 17."

Nuclear Performance:

There has been a lively discussion in the United States ro-
garding the performance of nuclear versus fossil. I believe it
is generally accepted that there is little difference between the
two. A recent report notes that a comparison of the cumulative
unit availability for all fossil fired plants of 390 Mw or more
with comparable units fired only with coal and with pressurized

water reactors gives values of 77.9%, "75.8%, and 74.7%. An



objective of 80% availability for mature nuclear power plants

is sometimes used in the industry, particularly as related to
requlatory activity. Our nuclear opponents frequently use thisg

figufe to claim that nuclear power is not living up to its
promise. However, a study by one major United States nuclear
cteam system supplier, utilizing a base of 18 units, showed an
average unit availability in 1975 of 78.6%--and the highest rated

unit stood at 93.9%,

With performance records at this level, nuclear units are
on their way toward exceeding the availability of conventional

fosgil-fired units.

It might do well to compare the availability factors for
one of our nation's largest utilities, Commonwealth Edison, for
large nuclear and coal-fired units for 1972, 1973, 1974, and

1975:

AVAILABILITY FACTOR

1372 1373 1974 1975

Nuclear 72 82 68 64

Coal~fired 71 69 73 68

There 1is also a belief that the older reactors get, the
nore unreliable they become. There is little data on "old"

reactors since nuclear power is still in its adolescence.

The number o0of shutdowns for the "old" nuclear power plant,
Connecticut Yankee, is perhaps a good index of the reliabilit
k p

0f the plant.



PLANT SHUTDOWNS

Year Planned Automatic Manual Total

1967 6 ' 19
1968 13 . 12
1969 5 5

27
26
17
17
10

0 ‘ 9

4
: 3 ' :
1973 0 1 7
5 4 ‘
1 0 6

The data would indicate that perhaps plant performance im~

proves with age.

Nuclear Generation Costs:

Nuclear power plant costs have also been the subject of much

study and discussion during the past year.

From an analysis of the various data available, it is evident
that the difference in capital costs for nuclear power and coal
plants with stack-gas scrubbers will narrow considerably in the
mid-1980's, making electricity generated by nuclear far cheaper

because of lower fuel costs.

One projection indicates that a 1200-megawatt nuclear plant
build in the northeast United States to operate in 1985-1987 willl

cost $1300 per kilowatt, assuming 7% inflation.

The capital cost of a coal-~fired plant of eguivalent capacity

will be nearly $1200 per kilowatt, if scrubbers are required.

Another study gave similar results-—-conventional nuclear
plant, S$975/Kw. (This is in 1985% dollars and includes interest

during construction.)
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For an 850 Mw coal plant without scrubbers, using western
coal, and located in the northeast, capital costs of $765/Kw
are estimated. (If cooling towers are required, add $85/Kw to
nuclear capital cost and $55/Kw to the coal-fired plqnts' capital
costs.) The nuclear plant has a total energy cost, including
capital, fuel, and operation and maintenance, of 3.85 cents/Kwh
(1985 dollars), the coal plant without scrubbers, 5.24 cents;
the coal plant with scrubbers, 5.93 cents. These numbers are
based on a 66% capacity factor for the nuclear plant, 70% for
the coal plant without scrubbers, and 67% for the other coal

plant.

The assumptions used: long term inflation rate, 7% to 1981,
5% thereafter; nuclear fuel cost, 60 cants/million Etu (1985 cost),
eastern high sulfur coal, 240 cents, western low sulfur coal, 300
cents; uranium, $34/pound; enrichment, $100/8wu; fuel fabrication,

$120 per Kg; reprocessing and waste disposal, $200,000/tonne; and

plutonium credit, $14 gram.

To provide the electric generating needs of the nation, the
investor-owned utilities expect to spend about $122 billion on
construction over the next 5 years, of which 60% of the total will
be outside financing. In 1976, utilities spent $17 billion on
new electric plants and equipment. About $13 billion is expected
to be raised in 1977 for new electric generating capacity. These
are large numbers and will strain utility finances. Operating
revenues in 1976 were up 13%, indicative of the nation's recovery

from the recent recession--and electrical useage continues to



climb-~up to about 6.3% growth rate for the year just ended.
Predictions for 1977 show a similar growth rate. Zero growth
advocates, who felt the 1974-75 period was indicative of a
change in the public's perception of the need for conservation,

have had to recant their predictions.

The Nuclear Debate:

In a sense, the nuclear debate is a classic example in
which much of the public has perceptions not based on recal
facts. Yet those perceptions are leading to behavior which the
energy industry has to deal withw»citizen action to slow down

nuclear power.

Let's look more closely at the dynamics in this nuclear

-

debate.

The current state of public attitudes in the area of energy
and nuclear power can be outlined as follows:

1. There is still little public awareness of America's
real energy problems and the reality of energy
shortages. The public continues to believe that
the "crisis" is essentially caused by the oil
industry, with its allies the utilities, in their
mutual quest for higher profits.

2. The relationship between plentiful energy in
America and the overall health of the economy
is also not clear to the public. While the
people want increased employment opportunities
and a rising standard of living in the years
ahead, they sense little urgency for making
decisions now on basic energy supply questions,
like nuclear power or expanded coal develop-
ment. (The recent gas shortage, has however
hit home, but there is still a question as to
whether it is contrived or not.)



3. This combination of disbeliel in the basic encrqgy
problem and no clear sense of the energy/economy
linkage allows the public the opportunity of look-
ing very favorably on those who say "Why rush
into a decision on nuclear?", "lLet's be extra
careful”, "We should stop strip-mining of coal",
"Let's not allow the utilities to raise their
rates some more."

While no one argues that development of new energy
sources, be they nuclear, coal, synthetic gas,
shale, off~shore drilling, should proceed without
all prudent attention to issues of safety and
environmental concern, the attitudinal climate

in the country today is one which allows the public
to weigh these decisions without properly consider-
ing the trade-offs involved, i.e., decreasecd
economic growth, lower job opportunities, higher
energy costs.,

4. The oil and electric utilities industries are seen
to be making excessive profits today. Fully 71%
of the American public believe the electric
utilities have a profit margin significantly "too
high."

5. With regard to nuclear power, the public has serious
doubts about the safety of the technology. They
label nuclear power the "most dangerous" enerqgy
source, and a majority belicve a nuclear power plant
can actually explode like an atomic bomb., Coupled
with this is a belief that nuclear power is the mos
expensive form of energy.

6. With regard to greater reliance on coal as a source
of energy for electric utilities, the public opposes
relaxing air pollution standards so that more coal
can be burned. And it supports greater limitations
on strip-mining, particularly in the West.

7. There is a strong belief among the public that new
enargy sources, particularly solar, are currently
available, or soon will be. This belief in other
alternatives again allows the public to avoid making
the hard, "real" choices about developing nuclear
energy and coal as the realistic ways of satisfying
America's energy needs for the next 25 years.

Once one understands these public attitudes, it is easy

to see why advocates of expanded coal usage and nuclear power




have been put increasingly on the defensive.

The fact to remember, however, is that the American people
are as yet undecided on the future role various energy sources,
including nuclear, should play. The biggest problem hindering
a sophisticated judgment on this question is basic lack of know-
ledge and facts. Within this current attitudinal milieu, scare
stories, confusion and irrationality often triumph. Only
through careful education of facts and knowledge can the people
know what the real choices are and can thereafter make the

decisions wisely.

Nuclear Initiatives:

In spite of what I have just said above, generally, in

the United States, the operating record of the nuclear generating

stations is accepted by the general public as evidenced by the

results of last year's moratorium votes. Without belaboring

you with the results, which you are undoubtedly fully aware of,

show you 4he mext shile
let me reiterate-the-pereentages.

FOR/AGAINST PERCENTAGE

Arizona e e 30/70
Colorado T - 29/71
Montana C ——_ 42/58
Oregon e e Ad2/58
Ohio T -32/68
Washington 33/67-

Counting the June 8, 1976 California vote, some 12 million
Americans, representing seven states containing about 20% of the
total United States population, have had the opportunity to cast
their vote on nuclear power. To put this in perspective, the
recent Carter/Ford presidential margin was 51/48, so the signi-

ficance of these figures 1is very obvious.



Further confirmation of this public attitude wasg
indicated in a Roper Report released in mid-October. Seventy
per cent favor continued advances in nuclear enerqgy, 13%
believe we have gone as far as we should, 8% said we have

gone too far now, and 9% did not answer or know.
Ae e time [ wrote dus poyer , 3t waa %%§¥ that
In 1977-78, there 4% a possibility of two further voteg--

Maine in 1977 and Michigan in 1978. Signature gathering is
' {ﬂg@ Hianado my(rﬁ,ﬁ% o e con videred “dead "'éw» i oo )
in progress now in these states.¥ However, we believe thisg™

small number of new initiatives is indicative that the
referendum/initiative process to challenge nuclear expansion

has probably run its course.

Nuclear Fuel Cycle:

-

Now, however, it is probably time to turn to the most
emotional part of the industry--the nuclear fuel cycle.

The problems asscciated with the front end of the fuel
cycle are comparatively easily understood and the solutions

obvious.

In the front end, uranium supply and enrichment are the
two current problem areas. Insofar as the former, an increased
uranium exploration program is underway, with its objective
being the better definition and resolutionlof known and proven
reserves. It is generally accepted that there are enough
reserves to fuel all plants in operation, under construction
or commited at this time and even beyond for their full life-

time,



newt shide
The table-below-shows that ERDA's enrichment capacity

in 1986, nine years hence, even assuning completion

of a 9 million swu add-on at Portsmouth, will not

be adequate to meet anticipated demand. Demand in-
cludes enrichment services for }141-189 CGwe of domestic
nuclear power plant capacity (96% of which is already
under contract)'and 108 Gwe of foreign nuclear power
plant c&pacity (100% of which is already under
contract). The table is based on 0.2% U=-235 tails,
the most economically favorable assay with Uj0g at
$52/1b. and enrichment charge at $110/swu. The table

also assumes no reprocessing of spent fuel,

Table I -
ERDA SWU Demand/Supply
— » ERDA Supply**
Gwu Forecast for 1986 w/Portsmouth
. 7 8WU Demand*  / Add-On
U.5. Foreign, (millions) (millions)

Low Forecast 141 108 39.3 36,7

Mid Forecastwwf1%7 108 275 40?§*mw 36.7

High Pefecast 189 108 297 43.2 M“MM&§~7

o

* Includes 1.6 mm swu's for military use.
¥*  Capacity with CIP and CUP complete will be 27.7 mm swu's
and with the Portsmouth add-on will total 36.7 mm swu's.



Some observations:

* The Portsmouth add-on is a necessity and must
be given priority to meet its scheduled Compl@tion
date for full operation in 1986. The supply/
demand crossover océurs in 1982/1983., The
Portsmouth add-~on ié the best assurance of
obtaining the next increment of supply.

;

*  Construction lead times of 8-10 years necessitates
a decision in 1977 to increase enrichment ﬁapacity
beyond the Portsmouth add-on. Dven with the
addition of another 9 million swu's the supply/

demand crossover occurs in 1989.

¥ ERDA should maintain "transaction" tails at
0.2% U~-235 and seek to set "operating" tails at

0.2% U~235 at the earliest possible time.

There are many problems that need to be resolved associated
with the end of the fuel cycle. I will not elaborate upon
them other than to note that they relate to regulatory indeci-
siveness. And, since these problems are well known, I shall
just touch upon a few.

Cremeric Ernvivonment  Stotemesct on Mixt Onesde
1. GESMO - This document spans the scope of end-of-cycle

activities. 1Its final determination will impact upon design,
construction, operation and economic viability of most nuclear
facilities. Whether Pu recycle is-allowed or not, however U

recycle should be permitted and the spent fuel storage problem

must be addressed.



(It would seem like the best national policy interests

could be served by the separation of usable products and

wastes, and the resultant significant reduction, volume-

s

wise, in the generation of both high-~level and transuranic

wastes, the ones that generate the most emotional reactions.)

2. Regulatory Uncertainty - Some of the facilities are
Tide 10, cole 42*( %@é@’%ﬁ{ W"@gu\ifk’g 3
licensed under Part 70, some under Part 50,,10 CFR. There

/A

are no real design criteria, Standard Review Plans, or any

other guides to an applicant. Therefore, in a way, there is
no such thing as the "ratcheting" that occurs with nuclear
power plants because that term implies an understood acceptable
starting point. There are basic licensing issues/decisions
which NRC must face, but due to lack.of applicatiohs, and the
GESMO hearings, little, if any, effort is addressed to re-
solving these areas of contention. NRC itself possesses

only a small cadre of knowledgeable people and the effort in
some technical areas is diffuse. By that it is meant that

in some areas the Office of Nuclear Reactor Regulation pro-
vides the technical support - and one cannot use the methods
for a high pressure high energy system (reactor) and apply
them without judgement to a low pressure (much in vacuum),

low energy system such as a separations facility.

3. Foreign Policy Considerations - Without further ex-

planation, suffice to say that this whole area is completely
intermeshed with the State Department and Congress exercising

an extremely heavy hand.



4. Radioactive Wastes =~ This subject, which has been

debated nationally, requires little amplification. At this
time, there is no technological reason why wastes cannot be
solidified into a proper form. The problem lies with the
lack of criteria as to waste classification, the acceptable
form for disposition of each classification, and the establish-
ment of the ultimate repository. Even low-~level wastes,
which used to be easily disposed of at burial sites, are the
subject of much concern - the current sites are filling up,
some have been closed, and new applications are being held
up. A seemingly minor problem, but one with significant

cost implications, is the eventual disposition of transuranic
contaminated wastes (the definition is lacking), reactor
cladding hulls and other hardware. ”Because of the major
uncertainties in this whole area ({(including possible safe-
guards requirements), this part of a reprocessing facility

could equal or exceed the costs of the separations facility.

The costs for disposal at the eventual government owned
and operated repository are still unknown. Industry should

participate in the establishment of the bases for these costs.

Opponents of nuclear power have exaggerated the problems-
involved in permanent waste disposal by cénfusinq the issue
with handling of liquid wastes from the military reactor
program, by hyperbolizing plutonium risks and by implying that

hugh quantities of wastes will be involved. Their charge



that there is no solution to the waste disposal issue
misstates the issue; a number of feasible options exist
and an ordexrly choice can be made if the public policy

process 1is not excruciated.

One should also recognize that liquid and gaseous wastes
also pose a significant uncertainty. Off-gas recovery for
krypton and iodines, particularly, can result not only in
as yet-to~-be determined costs, but the lack of commercially

demonstrated operating systems could impact on plant operation.

5. Plutonium -~ This is inextricably tied into GESMO and

until the basic Pu recycle decision is made, it will be unlikely
that criteria for solid form and acceptable packaging will be
made. A small thing like packaging (design of container, its
accident conditions, the number that can be shipped on any one
vehicle, etc.) will require a late {lurry of design and con-
struction activity for the special vehicle. (This same
problem, of course, applies to the waste carrying vehicle,

for which, at this time, the designated container has not been
specified to a sufficient degree to permit design to commence.)
There is also a potential that Pu may not be separated out at
this time, but no decision has yet been made. That indecisive-
ness requires, then, that the separations'facility have

another degree of flexibility, not only in the original separa-
tions process, but throughout the remainder of the facility

as neutron fluxes and criticality considerations could in-

fluence piping design and layout.

The U, 8. invironmental Protection Agency has recently promulgated

*Magdards for the Fuel Cycle requiring for any such radioactive materials
5 and 1! 9) generated by the fission process. After Jan. 1, 1983,

heSe Isotopes must be collected. vwe expect uIA to also add to the

Standard C1ﬁ The remainder of the standard (25 mrem/yr.whole body,

5 mrem/yr..to thyroid, 0.5 mc of lu 239) will go into effect Dec. 1,

1979 except for Umills which goes into effect Dec. 1, 1980.

B



As an aside, one must always remember that a reactor is
designed for optimum criticality, a reprocessing plant to
prevent it--and the latter has a multiplicity of streams

and mixtures of varying enrichment and materials.

There is still some work that need to be done to improve
the solubility (and thereby the separation efficiency) of
mixed oxide fuels. Currently, they do not dissolve easily.
This can mean either a slower process or the addition of equip-

ment, which in either case costs money.

6. Safeguards Uncertainties - GESMO and the other

activities underway in this area pose significant design and

cost consideration. 1In addition, a reprpcessing plant has

another related analytical problem--that of materials account-
ability. While in a reactor, SNM accountability is a sinple
matter, the question of accuracy of measurement, of which streams,
and frequency of complete inventory, can impact upon facility
operation, layout and, in some cases, the lack of precise

measuring equipment is still a significant technical problem.

Because many of these problemns will be discussed in great
detail by the speakers in following sessions, I will not elaborate
further at this time other than to note that these problems have
or can be solved. As noted, many of these problems result from
the failure of government leadership to make decisions. Due
to this apparent policy of only making-decisions at the latest
{and in some cases, too late) hour, industry finds itself in
a position that does not permit it to make the necessary in-

vestment due to an uncertain capital return. This uncertainty



is hydra-headed in that the timing of the decision, the nature
of the proposed action or whether a moratorium or brohibitidn
wiil result, are all possibilities. Prudent businessmen,
without some form of government guaranty, cannot commit their
organization's funds in what ﬁust be construed as an extremely
risky investment. Insofar as just the reprocessing segment

of the end of the fuel cycle is concerned, hundreds of millions
of dollars of private funds have been expended but, as you

are aware, not one commercial plant is in operation at this
time in the United States.

As T cwdicated , these are jusy & few ‘“”% the ?"?jﬁ%!%@a%m “fe%'moam,mg; ok the end of ke .

el eycle — all would be vesalved ‘%M€§i'a.>« pHeE O '{*‘«‘W bosi € decisivns ave made .
National Environmental Policy Act and the Public Interest =

Not mentioned in the above listing, but of equal importance,
is the leniency exercised by the various appeal boafds and
courts to people with obvious bias, marginal interests and paltry
arguments. The saddest element of this éituation is that even
these judicial (or quasi-judicial) tribunals fully recognize
that their "widest latitude in the public interest” admissibility
criteria is perhaps not in the public interest. So, the charade
goeg on, with many dollars and hours Bpent answering semi-
facetious questions for many groups whose only real interest
is simple--cause delay which causes increased costs, which can
eventually cause investors to lose interest in the nuclear

option.

To be sure, there are genuinely concerned citizens and
groups that fully deserve to be heard. and answered as completely

as possible. The age of the consumer voice 1s here and a



failure to recognize i1t will only result in the failure of a
democratic society to function properly for its citizens.
Genuine public concern is everyone's Concern,4but phony
litigation should be recognized for what- it is and the
agencies that are to deal with it should deal sharply and

mercifully with it.

The Seabrook case in New Hampshire 1s an example of an
agency bending over backwards to air an argument that resulted
in an investment of over $300 million so far being stopped.
And even if the decision is reversed, an increased cost to
the consumer for his electricity will result--for which he
will pay. The magnitude of the argument boils down to this:

»mﬁweMm%ww wmwammxmﬁmwm%$wm&~mm&manm@
theﬁglankton damagéﬁfaused by the increased temperature equals
that consumed by four healthy blue whales everyday. =~ Somehow

we must regain our perspective.

The purpose of our National Environmental Policy Act of
1969 was to protect man--sometimes this seems to be forgotten
in the process. And, I seriously doubt wnhether the whale
population of the world, given they had a voice, would object
to this incursion into their dominion. The rhetoric, however,
has progressed almost to the point where the real "guts" of
ot Seabreokk other places
the issue will be difficult to surface. The argumentﬁﬁpave
many times devolved into a crusade for principle without a

reasoned recognition of the needs of man.

€ e Raev
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pnergy Policy -

The potential for a meaningful solution to many of these
problems rests with the development and resolution of a national
energy policy that recognizes the proper contribution that fossil,:
nuclear, conservation and advanced energy systems can make and

in what time frame.

The development of that policy will require a concerted
effort between the legislative and executive branches of our
government. In January, Congress reorganized its committee
operations and essentially dissolved the principal nuclear
focal point--the Joint Committee on Atomic Energy. This will
make the development of a program more difficult as the new
Congress attempts to evolve a policy. .In addition, new faces
in leadership roles must get up to speed. So, we are faced
with a new administration, a Congress with a diffused committee
structure, led by new faces with an as-yet undetermined position

in many vital areas.

One example area of confusion is the future fate of the
breeder. Public utterances by the new administration have not
been reassuring. Industry itself is not certain of the direction
that it desires the program to take--the dgvalopment of the
next generation of commercial breeders is most confusing. How
it will occur, how many, what the mechanism will be for its
development (government/industry participation), and the time

frame will be subjects that nced to be resolved.



One wonders not whether man can live in peace with
nature, but whether he can live in harmony with his own narrvow
Yol

beliefs of nature. The apparent martyrdom of the pseudo-

environmentalists is admired by many citizens. What they

n

fail to recognize is that in the end it is they themselves,

the citizens, who have been crucified by those they admired.

The plutonium spectre has been raised and dragged
across the pages of the press as if it were something that
had been secreted from the public. Five years ago I went to
the Council of Environmental Quality and explained to them
what reprocessing was all about and they complimented us on
doing just what this nation needed--reducing wastes, more
efficiently using resources through recycling, and Qtilizing
the self-generated plutohium. A few years later, that same
facility, with improved waste recovery systems, was labeled
an extremely dangerous facility that must be stopped until
detailed scrutiny could be applied to it. The prior plaudits

had evaporated.

Nothing, however, had changed except a response to politi-
cally active "environmentalists." The technical arguments of
the company had actually improved, but the societal-political
arguments, which had largely been ignored due to their in-
calculable nature, came to the top. This is an area where

industry has not been sufficiently alertfkmt %mM,,%MwWﬁﬂy [

o /
@;z;%ﬂ 1Zed a5 beimgy J st as technical wses.
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Industry experience in the efforts for development of
the Clinch River Breeder Reactor have not been as anticipated.
Future similar arrangements will be entered into probably
only with different terms and conditions. 1t is also difficult
to imagine much in the way of industry commitment without a
closing of the LWR fuel cycle and reasonable assurance that
the breeder cycle will also be closed. The utility industry

needs the reassurance that it has failed to receive thus far.

’

It is too early to indicate the policy that the Carter
Administration will follow. It hags announced its intention
to Submit‘a ébmprehensive enerqgy policy by mid-April. Insofar
as nuclear, we do know that prior to taking office they queried
the breeder progrém; viewed with caution private commercial
enrichment; and believed that insofar as nuclear reactors,
they should be located below ground in vacuum containments,
in sparsely populated areas, with a federal employee with shut-
down authority stationed in the control room. Only time will
see whether this evolves into the announced program. One of
the real difficulties in our political system is that the
solution to these problems will take a long time, but many
politicians are interested only in what willyoccur during
their term of office. We may see short term fictitious
gsolutions when viewed from the reality of the long term nature

of the problem, and the gquestion is whether the pressure on the-



new Administration to produce solutions now will subvert the
proper "payoff" ten to fifteen years from now. We do have a
cautious optimism that the piroblems will be overcome by a

policy that provides the needed direction and leadership.

There has been a semi-official attitude that nuclear 1is
the last resort. We in the inddstry will accept that if the
interpretation is that instead of tﬁe slogan "nuclear and
coal", it becomes "coal and nuclear." All energy sources
are needed, not just a select one or two. As noted above,
the "last resort" brought this country through a crisis a few
weeks ago. We are trying to tell that story as well as look
ahead. We must focus on the fact that industry's fuel cycle

options are limited and governmental decisions are needed now.

In closing, I would like tu repeat the words of Robert Frost,

quoted as the lead in Amory Lovin's recent article:
"Two roads diverged in a vyvellow wood,
And I took the one less travelled by~
And that has made all the difference."

Twenty-five years ago was the birth of generation of
electricity from nucear power-—certainly "a road less travelled
by." The dedication of thousands of people has produced safe,
clean, economical nuclear power plants that have over 200 accident
free years of operating experience and whose worth to our nation's
industry and balance of payments has been clearly demonstrated.
Only by turning our back to these facts in search of unproven
sources will we really kinow the trué meaning of those alluring

words "and that has made all the difference." To ignore nuclear



will only make Puck's utterance more pertinent--"What fools
these mortals be.” That we cannot be if we afu to pursue

the ethical path of permitting our less fortunate neighbors

and the unborn generations their rights to a society that

has sufficient energy to provide for its needs. QOur use of

the chemical hydrocarbon$wwboal, oil and gas-—-must be critically
analyzed in that light. Nuclear fission reactors, including

the breeder, and fusion hold the promise for our future.
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Mr. Chairman

It is a great pleasure to be here today and to have the
opportunity to make a contribution at this important annual
conference. We attach considerable Qal@e in the OECD
Nuclear Energy Agency to the participation of Japan, which
became the first non-European full member in 1972. This was, in
fact, the first significant step in‘converting our Agency from
a purely European institution into one concerned with the
development and introduction of nuclear energy for peaceful
purposes throughout the OECD area. I hope, by my contribution
today, to demonstrate the value to your country and to our other
Member countries of the contribution made by NEA and the other

international organisations operating in the nuclear field.



General Energy Situation

Before attempting to assess the situation within the
nuclear field, it is important to consider the place of nuclear
energy in the wider energy scene. Nowadays, it is customary to
relate such questions to the dramatic changes which have taken
place in the oil market since the autumn of 1973. The effects
of %he shock~wave which then passed through the world economy
have still not been fully dissipated and, as was shown by the
"World Energy Outlook" published by the OECD in January, there

remain acute risks in permitting current energy trends to continue.

After the initial shock had worn off, the industrialised
countries of the OECD area recognised the importance of reducing
their dependende on imported oil. The development of indigenous
and other alternative energy sources became a matter of high
priority and a considerable stimulus was given to research and
development in solar energy, geothermal energy, wind power, wave
power, biomass conversion and a number of-other possibilities.
Nevertheless, it soon became clear that these could offer some
relief only in the longer term and that, for most of the remainder
of this century at least, our collective salvation in meeting
prospective energy demand depended on the application of rigorous
policies of energy conservétion and accelerating the utilisation

of coal and of nuclear energqgy.

By a little over two years ago, it was therefore apparent
that the energy crisis had transformed the prospects for nuclear
power and in many countries accelerated programmes were adopted

for its introduction. However, instead of witnessing a rapid



growth in order books, both for nuclear stations and for the
associéted nuclear fuel cycle facilities, we find that the
so-called "nuclear debate" is reaching a new intensity and are
confronted with the paradox of increasing doubts, in many countries,
about the wisdom of continuing with a major commitment to nuclear
power. The political and social factors involved are, of course,
of great complexity and it is not my purpose today to attempt

an evaluation of them or a forecast of the probable outcome. What
we can say is that decisions taken and policies adopted during

the next year or two are likely to have a determining influence

on the significance of nuclear power, at least until the end of
this century. 1977 therefore promises to be a critical year for

nuclear power development.

Factors influencing international co-operation

Meanwhile, those concerned in government and industry
with the development and introduction of nuclear power must continue
their efforts. My theme today is the contribution of international
collaboration, with particular reference to collaboration between
governments and government-sponsored agencies. I make this
distinction because the emphasis in international collaboration
has changed very considerably in the twenty years since NEA was
formed. During the 1950's the development and improvement of
reactor systems depended a great deal more than today on governmental
initiative and government finance. These are, of course, still
very important in relation to advanced reactor systems or back-up

solutions in case of unforeseen difficulties with preferred choices.



Nevertheless, commercial prospects now offer a more encouraging
foundation for industrial initiative and investment, including
international collaborative ventures by industry. 1In this
situation, the contribution made by collaboration between governments
and governmental agencies is necessarily concerned with those
aspects of nuclear development which concern the responsibilities
of government, including of course impartial assessment of risks
and benefits. International collaboration in this sense is
remote from commercial and promotional interests. In Qiew

of the acute public sensitivity, this consideration has eVen
probably enhanced its importance as a contribution to the

development of nuclear power.

This point will perhaps be clearer when I explain that
questions of safety and regulation now represent about two-
thirds of the total effort in the NEA programme. Our work
in these fields, about which I shall have more to say later, is
based very largely on contributions made by specialists working
in national licensing authorities, in Ministries concerned with
public health or environmental protection and in research labo-
ratories devoted to investigations on questions relating to
regulatory practice. Among the many reasons why our Member
countries find this work worthwhile is the consideration that
the conclusions of an impartial international organisation can
help to reassure an anxious public opinion that administrative
judgements are respectable. For this reason alone, we attach
grecat importance in NEA to our reputation for objectivity and are
particularly sensitive to any suggestion that we are merely a

vested nuclear interest.



The factors determining the scope for our sort of
international collaboration are, of course, a great deal more
elaborate than this. The emergence of the commercial phase of
nuclear power may have diminished the scope for international
development projects but there are many other factors having
a determining influence on the scope for fruitful collaboration

at the governmental level.

It is, for example, important to recognise that the
primary justification for some international collaboration may be
political and that, in such cases, the fact of the collaboration,
as a demonstration of solidarity, is more important than the
material benefits likely to accrue. Nevertheless, aithough this
sort of collaboration can sometimes make a valuable contribution
to technological progress, I am more concerned today with forms
of collaboration in which the end is more important than the
means. Thus, by definition, the motive for participation is the

material benefits which collaboration is likely to provide.

By this token, recent experience in the nuclear field
has demonstrated that the will tc co-operate has again become
strong, particularly in such fields as radioactiQe waste management
and nuclear safety. The evolution of the world economy has greatly
enhanced the inducement even to the largest countries to collaborate
where large scale deployment of resources is required. The same
consideration applies to quite modest programmes where a
collaborati?e effort is more likely to produce mutually.beneficial

results than if countries seek independently to pursue the same



aims. The great exception to this trend has undoubtedly been thev
competitive development of the sodium-cooled breeder reactor; but the
scale éf effort required has more recently encouraged joint efforts
and it%is notable that, in the field of LMFBR safety, all the

major countries involved now recognise the need to work together.

Another consideration encouraging international collaboration
is the%desire to harmonise views and standards concerning the
enviro&mental and social impacts of nuclear development. On
matter; of lively controversy, the work of international institutions
can sometimes help to raise the level of the debate. For example,

‘it is appropriate for a body such as NEA to bring together expert
opinion from several countries and publish their collective views
as a contribution to public discussion and eventually to the
formulation of considered policy decisions. We are, in fact, now
working on just such a contribution on the whole range of problems
of policy relating to radicactive waste management. For similar
reasons, the development of international demonstration projects,
particularly in such fields as safety technologies and radioactive
waste management, often offers a more promising route to public
understanding and acceptance than initiatives taken at a purely

national or local level.

From what I have said already, it will be apparent that
there are also important practical limitations to inter-governmental
collaboration and these must obviously be taken carefully into
dccount if failures and disappointments are to be avoided.

Perhaps the most important point Lo make in this connection is



that the work of international organisations is necessarily based
very largely on work under way and the results achieved at national
level. This gives a dual importance to active participation. I
believe strongly that our Member countries can benefit fully from
our programme only by direct involvement - which obviously poses
difficult problems for the countries which are distant from Paris -
and'this is also necessary, of course, if they are to make their

appropriate contribution.

When commercial interests are involved, the scope for
inter~governmental collaboration is obviously affected and there
undoubtedly comes a point when co—oherative possibilities are best
pursued by industry; Another consideration is that it is not
always easy to reconcile the political wish to maximize participation
with the need to establish forms of co-operation and processes for
decision-making which can operate efficiently and without bureaucratic
delay. One way of dealing with this is to focus particular attention
on the factor of common interest which makes possible a particular
form of collaboration. Even within the OECD area the interests
of our Member countries are very diverse, if only for reasons of
their differing economic structures, geography and population
distribution. If insufficient attention is given to this factor
of common interest, collective ventures can quickly grind to a

halt.

Finally, there are two other obstacles to international
collaboration which need to be frankly faced. The requirement
to proceed by consent, when participants' interests are often

divergent, makes re-orientation in changed circumstances less easy



to achieve than for projects or progfammes at national level.

It also makes it difficult to stop a collective effort which has
already gathered its own momentum. This fact and the consideration
that cost/benefit relationships tend to favour the larger and more
advanced countries is,no doubt, among the reasons why most countries
adopt a cautious attitude towards new proposals for international

collaboration.

Forms of international collaboration

The effect of all thege considerations has been that the
broadest scope for international collaboration now seems to be in
the area of exchange of information and experience, in the widest
sense of this term. There is also a considerable interest in
co-ordination of national R & D efforts with a view to reducing
wasteful duplication of effort and there remains a small but
important possibility of creating major international joint
undertakings. In addition, there are the traditiornal areas of
inter-governmental collaboration in the joint development of
standards and norms, the promotion of scientific research and
the systematic compilation and dissemination of basic data. For
all of these, the efficiency and success of international
collaboration in the nuclear field probably depends on striking
a correct balance between the necessary institutional and
procedural framework and the substance this framework is designed
to support. If too much attention is paid to the form and not
enough to the substance, the results are likely to be
disappointing. In other words, fTlexibility in determining the
appropriate form for a particular exercise in international

collaboration is particularly important.



" Effects on the NEA programme

% As an intérngbvernﬁental institution, NEA must be
resp%nsive to all these considerations as well as to the political
views of its Member countries. Our programme is therefore
necessarily more a reflection of the questions lending themselVes
to iqternational collaboration than an attempt to cover
oomé&ehensively the nuclear field. This is among the reasons

why Qe underwent a rapid evolution during 1975 and the major
partfof our effort is now devoted to the priority areas of nuclear
safety, radioactive waste management and the problem of public
understanding and acceptance. We also give first priority to
economic and technical studies of the prospects for nuclear power
and the nuclear fuel cycle and the promotion of co-operative
programmes in related areas. To illustrate the application of

what I have said earlier, I should now like to discuss briefly

the signficance of our work in each of these priority fields.

Nuclear safety

As I have mentioned already, about two-thirds of
our total effort is devoted to questions of safety and regulation.
There are two main reasons for this: safety and licensing are
a particular responsibility of public bodies; and there is a general
recognition of the advantages of comparing experience and sharing
the effort involved in responding to the risks associated with the
applications of nuclear energy. Safety has always been a dominant

consideration in the development of nuclear power and, until
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recently, effort was concentrated mainly on estéblishing séfety'
criteria and standards deriQed from recognised principles of
radiétjon protection. A great deal of effort in earlier ycars

was herted to accident analyses and the design of safety

provisions to deal with postulated hypotheses. However, more
recently, increasing thought has been giQen to the more sophisticated
appr?ach of risk assessments based on considerations of probability.

Bothithese aspects are reflected in the NEA programme.
|
;

There is now a fairly general recognition that international
collaboration is often the quickest and least costly way of achieving
the objectives of nuclear safety research. Moreover, there is
growing recognition that marked differences between the safety
requirements and licensing procedures of different countries can
both create undesirable obstacles to international trade and
undermine public confidence in the acceptability of nuclear power.
These considerations are, of course, primarily for those countries’
which are already committed to nuclear power programmes. However,
by participating in international wopk, countries embarking on
nuclear power programmes are enabled rapidly to gain access to

the accumulated knowledge and experience required for sound and

independent regulatory judgements.

Thus, the principal objecti&es of the NEA programme in
the fiela of nuclear safety are to enricﬁ, by means of technical
exchanges and the co~-ordination of safety research, the fund of
knowledge on which licensing aﬁthorities in Member countries are
able to base their decisions and to seek d consensus on key
safety issues. The field of nuclear safety therefore offers

enormous scope for international collaboration. The size of the



11.
NEA programme is, in fact, largely determined by the le?el of
resources our Member countries are willing to make available to

support it., It is divided into four main arcas.

Particular attentioh is, of course, devoted to thermal
reactor safety research, with the main effort relating to water
reactors and a much smaller effort devoted to problems associated
with gas cooled reactors. In this area, particular attention has
been given to the important and urgent problem of emergency
core cooling, with the emphasis on information exchange and
sharing of tasks. We have also been working for some years
on a comparison of calculations for standard problems in loss of
coolant accidents. These exercises are a way of comparing the
mathematical models and computer codes used and of assessing
them against a common experimental data base. The purpose is not
a comparison of the computer codes as such, nor verification of
the mathematical models. It is more to contribute to improved

engineering decisions and to more reliable licensing procedures.

A growing effort is also being devoted to co-operation
on fast reactor safety research. Exchanges have been under way
during the past year between the five OECD countries having
subtantial programmes of research in this field (France, the Federal
Republic of Germany, Japan, the United Kingdom and the United
States). These exchanges are leading to the development of a
programme which will initially involve those countries possessing
large in-pile test facilities and other interested OECD countries
will be kept informed of progress. In the same field, we have
for some years been concerned with the assessment of sodium/fuel
interaction and there has been a very lively exchange of experience
in this field, including an important specialist meeting here in

Tokyo in March of last year.
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The third main area of our programme is much more
diverse. It concerns questions of general safety not related to

spedific reactor types and includes such matters as protection

|
¢

against external impacts (for example, man-made impacts such as
aircraft crashes or external explosions and natural phenomena such
as eFrthquakes). We have also detected a considerable development
of»i%terest in the analysis of rare events as a factor in the
reli%bility of nuclear plants. An international Task Force has
been%created to look into the statistical analysis of rare events
in nuclear power plants with the main objective of studying methods
by which these can be taken into account as a design factor.
Exchanges are also continuing on a whole range of mechanical and
material problems relating to the safety aspecfs of steel components,
Finally, in this area, we have recently begun a relatively

modest examination of the safety problems associated with the
operation of nuclear merchant ships and, in particular, with theip

reception in foreign ports.

The relationship of all these matters to licensing
practices and procedures is kept under review by a standing body
representative of national licensing authorities for nuclear
installations. In addition, the authorities in our different Member
countries have been enabled through these exchanges to become more
familiar with each other's regulatory systems. This is preparing
the way for exchanges of experience on regulatory procedures and
practices and improved understanding of the practical and legal
reasons for apparent differences. Mutual understanding on such
matters is an important element in achieving assurance that
Member countriecs are taking consistent attitudes on comparable

problems.
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The essential criterion for inclusion of work in the
NEA programme concerning nuclear safety is its usefulness to

Membér countries and relevance to specifically defined aims.

i

i
Only[in this way can a consensus be reached on the key safety

issuIs and this is, of course, a major contribution to nuclear

powek development.

Radioactive Waste Management

i

Many believe that the presentation of acceptable policies
for radioactive waste management is the biggest single factor in
gaining public confidence that nuclear power (and, in particular,
the associated nuclear fuel cycle) can be adopted with assurance.
The extent of the preoccupation with this aspect of nuclear
development is, to some extent, a function of geographical and
social considerations, and for this reason among others is of

particular significance to Japan.

Radioactive waste management is concerned essentially
with the technological means required for the treatment, storage,
regulation and disposal of radioactive wastes in a manner presenting
no unécceptable radiologicél hézards. The diQersity of problems
involved is é reflection not only of the Qery considerable Qariety
of types of radioéotive waste which héve to be dealt with but also
of the infinite Qariety of circumstances in which these problems
may be met. Thus, there is a need for an errall strateqy for
radioactive waste ménagement, based on defined objectives;
recognition of the relevance of the Qaricty of technologies
aQailable; continued research, de&elopmcnt and demonstration work

to achieve improvements in the technologies already established;
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and wise administration at national and local levels to ensure
that the best available solution is'always adopted. Clearly,
intérnational collaboration can and must make a major contribution

|
to this work.

As is well known,NEA has always given special

\
atteﬁtion to problems of radicactive waste management, with
part%cular referencé to those operational and R & D aspects of
interest to our Member countries. Our experience in this field leads
us to the conclusion that technologies already established provide
satisfactorily for all current problems of radioactive waste
management, at least for a period measured in decades. However,
as is also well known, by far the most important radioactive waste
management problem arising within the nuclear fuel cycle concerns
materials of very high activity and involving major hazards for
periods measured in tens of thousands of years. I refer, of
course, to the highly active stream from reprocessing and, in
particular, to inclusion in it of long-lived transuranium elements,
or actinides as they are also called. It follows that the highest
priority in international collaboration must be directed towards

acceptable permanent solutions for these wastes.

In this conhection, attention is being given to the
feasibility of separating the actinides from the bulk of highly
acti@e Tission products, which would immediately reduce the time
scale to one measured in centuries. The éctinide streém might

posSibly then be recycled or transmuted for separate disposal.



HoweQQr, I must emphasise, that these are long term possibilities
and it is entirely possible thét a céreful énélysis of costs, risks.
and benefits will lead to the conclusion thét actinide separation
is‘not desirable. Our principal effort is therefore being de;oted
to the more immediately promising solution of conQersion to solids
(for safe hdndling and trénsportation) and disposal in deep
geological formations. This method would élso be ;ery suitable

énd éppropriate for highly acti&e wéstes from which actinides héve
been remo&ed. Disposél into the sea bed is élso 5eing investigated
and a number of countries, including Japén, have agreed to

co-~ordinate their research programmes into this possibility.

Work on the R & D and operational aspects of all these
questions figures prominently in the NEA programme, both from
the point of view of pooling information and experience and from
that of developing collaborative demonstration projects. This
matter has also been central to a review we have initiated of
the objectives, concepts and strategies for radioactive waste
management by a group of experts drawn from various Member countries,
including Jépan. In ;iew of the considerable Qariations in
outlook on many of the questions in@ol&ed between our Member
countries, the conclusions of the group are likely to stimulate é
li&ely debate. I therefore hope that we shéll be able to publish
their work as a contribution to public discussion on these matters
during the course of 1977. Meanwhile, it may be of interest to
indicate the generél directions of the group's thinking on a

number of key issues.
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It is likely to be proposed, for example, that the very
long time-scale involved in ?he more difficult aspects of the
radi@active waste management problem require that, for these,
gove;nmental authorities should assume direct responsibility.
This would not mean that short term responsibilities should be

remo&ed from nuclear operators since these would normally, in

l
any case, be specified among the conditions of operating licences.

The 1%definitenature of the long term problem also implies the
needtto méke financial provisions; and the application of the
”poliuter pays"= principle suggests that the required funds should
be levied on the basis, for example, of electricity production.
These funds should be sufficient not only to provide for long term

operational management but also for the continuation of research

and development to improve techniques and technologies.

Another emerging conclusion is that the current tendency
towards a requirement that wastes should be returned to their
country of origin could only‘lead to a proliferation of transportatior
problems and of disposalhsites, to say nothing of a severe economic
penalty. The need for regional and other international agreements

to overcome this problem is evidently important.

As mentioned before, other types of radioactive waste
cén alreédy be sétisfactorily dealt with on a long term basis by
estéblished technologies. In general disbosal solutions at the
nétional le;el are feasible and most countries are likely to
deQelop centralised facilities for the disposal of low and medium
16@81 wéstes. For some, howe;er, geologicél and population
distribution considerations will indicate ocean dumping as a
preferred solution and for this international co-operation is

evidently imperative.
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The NEA programme has given particular attention to
the development of safe procedures for ocean dumping and we have

been very glad to welcome Japanese participation in the control of

the operations we have organised in the Atlantic Ocean for the

past 10 years. We are now moving towards the replacement of these
arrangements through the establishment of a multilateral consultation
and surveillance mechanism based closely on the 1972 London Convention
on the Prevention of Marine Pollution and the related recommendations
of the International Atomic Energy Agency. Accession to the London
Convention and‘to the Paris Convention on Nuclear Third Party
Liability are evidently necessary steps to facilitate participation

in our new arrangements.

In the field of radioactive waste management, there
have been continuous exchanges of information and experience at
the international level for many years and these have demonstrably
led to a broad convergence of technical views in the various
countries involved. There are, in fact, no fundamental differences
of technical opinion in this field between those directly responsible
at the national level. Nevertheless, there is much work to be
done and this work is likely to continue to enjoy the highest

priority for many years to come.

Public understanding and acceptance

No consideration of the development and introduction of
nuclear power can ignore the evident public sensitivity to this
matter in most Member countries. The intensity of this reaction
varies from country to country and is a major consideration for
the governments of all. We have to recognise that, whatever
the success of international co-operation in this field, -the

severity of regulatory measures, the validity of technical advice
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, or the accumulating evidence of the safety of nuclear installations

already operating, more is needed to gain public confidence. On

the other hand, altﬁough nuclear development has become a principal

targét, there is evidence of a more widespread opposition to the

speed of technological progress and to the means employed in modern

society to regulate such matters. Some would even see this trend

as rqflecting a disaffection with our established scale of values.

Thisiis not the place to attempt a penetrating analysis of this

pote&tially significant social phenomenon. However, it is important
4

to récognise that, to the extent that it involves wider

considerations, no initiéti@e restricted to the nuclear‘éspects could

élone suffice. At the same time, we should be deluding oursel&es

if we did not also recognise that the problem reflects a genuine

concern by many people based on their difficulty in understanding.

There is therefore a clear responsibility on the part of regulatory

authorities (who, by definition, can have no promotional motive)

to contribute objectively to public information and understanding.‘

The role of infernational collaboration on these matters
must necessarily be limited. The nature of the public response
and the psychology of the people varies considerably from country
to country and even within countries. Only national authorities
are competent to appreciate these fTactors and to respond to thenm
with sympathy and understanding. The role of international
organisations should therefore be to support national authorities

by the collection and dissemination of objective and authoritative
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information on matters of controversy. A mechanism with these -
objectives has been introduced experimentally by NEA and appears
to have had an encouraging response from most of the regulatory

authorities in oupiaMember countries.
|
.

Economic and technical studies

[

My illustration of the current priorities for international

1
|

coll%boration has so far been related to those parts of the NEA
programme concerned with safety and regulation. However, as part

of the OECD, it is also appropriate that we should concern ourselves
with those considerations relating to the prospects for nuclear
power that are important for the forward planning of governments

and industry. The difficult situation in the energy sector and

the potentially important contribution of nuclear power make

these analyses a high priority in our programme.

For some years, we have produced, on the basis of the
work of experts nominated by Member governments, periodical reports
on uranium resources, production and demand. There has always
been a heavy demand for these reports, which is perhaps the best
indication of their value. The reason for this is probably that
the data concerning uranium resources included in the reports had
in each case been subject to a searching scrutiny by some of the
world's most knowledgeable people in this field. Our published

figures have therefore enjoyed considerable authority.

Although these reports have reflected new discoveries and

revised evaluations of older ones, they have shown only a gradual
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increase in total resources, and reserves for only about 15 years
ahead. Given the size of the potential commitment to nuclear power,
the inadequacy of this situation has caused much concern. This is
among the reasons for a new activity, which we are now starting up
in collaboration with the Internafional Atomic Energy Agency, to
evaluate the worldwide potential for discovery of additional
uranium resources and to identify new areas for investigation.
Quite obviously, such a project can only be undertaken on the
basis of close international collaboration and, although it is
being initiated on an inter-governmental basis, it is intended

to complement work at the national level in which industrial

undertakings are heavily involved.

Our analyses of the demand side of the equation have
necessarily been more tentative and I must acknowledge that they
have been coloured by the universal weakness of over-optimism in
powerjgrowth forecasts. Unfortunately, this has caused some
confusion among uranium producing circles and we must obviously
try to improve our forecasting standards. National representatives
are, however, obviously in a difficult position if we ask them
to adopt a sceptical attitude towards the official figures of

their national authorities.

Looking further ahead, we are now attempting to judge,
from the long term uranium requirements point of view, the
relative merits of advanced reactor systems and especially of
breeders. Our purpose is to achieve a consensus on the basic

reactor data required for power growth forecasts and consequently
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to encourage individual countries to consider their own planning
in a wider international perspective. We hope that, since we
shall evidently not be seeking to advance the merits of any

particular reactor system, our results will gain in authority.

Finally, and I shall return to this later, I should
mention that we have recently completed an analysis of the supply
and demand situation in OECD countries relating to reprocessing
and the technical options open to countries engaged in nuclear
programmes. Our report on this study is intended as an objective
source of reference for current policy-level discussions in this
field. We believe that other anal&tical studies of this nature

could also be a useful contribution in the same sense.

It is a natural extension of this work, which is
essentially based on exchanges of information and ekperience, that
we should promote co-operative R & D programmes on related questions.
For example, in relation to uranium exploration we are planning
international workshops on such priority subjects as gaseous
geochemistry, borehole logging and biochemistry and we hope
that this will lead to the selection of suitable subjects for
collaborative R & D in the interest of improving the situation

in relation to world uranium resources.

Relations with other international organisations

All these examples of the contribution of international

collaboration to nuclear power development have been drawn from



the NEA programme but I must emphasise that several of them are
pursued in close collaboration with other bodies. We enjoy

a particularly close collaboration with the International Atomic
Energy Agency in Vienna, whose programme reflects its worldwide
membership and wider responsibilities. Over the years, we have
been able to develop a closely complementary relationship with
IAEA and often to organise jointly work where our interests
overlap. We also have a long‘association with the Commission

of the European Communities concerning their work in the nuclear
field. More recently, the establishment within OECD of the
International Energy Agency has given a powerful stimulus to
nuclear development and we naturally work very closely together

to avoid wasteful duplication of effort.

Political aspects

In all this, as I mentioned earlier, I have been
concerned with international collaboration based on technical
or operational criteria. In an area as politically sensitive
as nuclear energy, it would evidently be unrealistic to conclude
an assessment of the contribution of international collaboration
without réference to political problems which may, in fact, have
a more decisive influence on the future of nuclear power than
any of the aspects I have mehtioned, including the problem of

gaining public confidence.

In this context, the major current question is, of

course, the acceptability on a large scale of reprocessing and

22.
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of plqtonium recycling, essentially in relétion to non-proliferation
objectives and to the dangers of diversion of hazardous materials
by terrorists. These anxieties are at the root of what is probably
the most important question confronting nuclear power development

since its inception.

As 1 mentioned just now, we have recently completed
an analysis of the supply and demand situation relating to
reprocessing and this illustrates with brutal clarity the
painful nature of the choices to be made. It has been estimated
that the cumulative tétal of spent fuel arising in the OECD area
by 1990 will be between 85,000 and 100,000 tonnes of uranium,
including 10,000 to 12,000 tonnes in Japan alone. The technical
and economic justification for reprocessing this material is
that this would greatly improve the economy of uranium utilisa-
tion - in other words, that it would make the best use of a scarce
resource - and, in particular, that it would be an essential

foundation for a breeder reactor strategy. .

A breeder reactor strategy, in turn, is needed if the
limited world resources of Uranium are to sustain more than a
limited introduction of nuclear power. For example, it has been
calculated that the energy pbtential of the known world reserQes
of uranium 235 (that is to say, 0.7% of the total known uranium
reserQes) is roughly equivalent to the known reserves of

petroleum. With a breeder reactor strategy, nearly all of the
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other 99,.3% of known uranium reserQes would become aQailable

for ConVersion to plutonium whose potential as an energy resource
would be ample to meet foreseeable demand for centuries., This
is the answer to those who ask why such Qast amounts haQe been

invested in nuclear power development.

Clearly, abandonment of the glittering prospect of
realising the full energy potential of world uranium resources,
particularly in the present situation of acute difficulty in
meeting prospective energy demand, would be decided upon only
for the most compelling reasons. It is true that the abandonment
of plutonium recycling and the breeder option would provide
a powerfﬁl néw stimﬁlué fof iméfo&ements in the uranium utilisa-
tion of thermal reactors and give é new attraction to reactor
systems and fuel cycles which are at present in reserve.

Nevertheless, most such improvements would themselves involve

reproceésing and recycling of fissile materials. Thus it is
clear that, with the elimination of the reprocessing option,
the long term prospects for the contribution of nuclear power

to energy supplies would be Qery considerably reduced.

What then are the compelling reasons which may lead us
to abandon these options ? It cannot be denied that proliferation
of reprocessing capacity would multiply dangerously the risks
of diQersion of nuclear materiéls and the potential for
prbliferation of nuclear weapons. Efficiently administered

international safequards would evidently be a powerful deterrent
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before world opinion. But this could not pro@ide as ébsolute
a guarantee as effecti@e political control over a limited number
of éentres pro&iding reprocessing services. In addition to this
majJr political consideration, there is the more practical one
thatLproliferation of reprocessihg capacity would élso aggra?ate

the problem of achieving acceptable policies for the most

imﬁo%tant problems of radioacti&e wéste ménagement, which are
thos% associated with reprocessing. In other words, determination
of the place of reprocessing and of plutonium recycling in the
future scheme of things is both a political and a technical

matter of the first importance, which necessarily inQolQes
achieving an acceptable accommodation on the non-proliferation

issue. This is a challenge which must be faced by the nuclear

community.

Seen in this perspecti;e it will be éppérent that
this difficult problem cén be satisfactorily resolQed only
on the basis of the closest internationél accord. To achiéve
this éccord, continuing international collaboration with
politicél as well as technical and economic objectives is
imperati&e. I said earlier that 1977 promises to be a critical
yeér for nuclear power development. International collaboration
in this wider sense would be its most important contribution
to maintaining nuclear power as a continuing major factor in

meeting world energy needs.
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THE CERMAN PROGRAMME OF A FUEL-CYCLE-CENTER =
FOR TRRADIATED NUCLEAR FUELS (/

by P. Zihlke

Nuclear energy is necessary to meet the actual and future de-
mand for electricity. This is true and generally supported by
all authorities and institutions responsible for a continuous
and reliable supply of energy. The important nuclear power
programmes in the industrial and developing countries have

to be executed deSpite the various oppositions to and opponents
of this type of energy in general or against special but

indispensable parts of activities in the nuclear fuel cycle.

One of such special items on which interest is actually fo-
cused is the treatment of fuel assemblies after their dis-~
charge from the reactor of nuclear power plants. Since most
activities in the past were devoted to developing ahd introducing
a safe and economic reactor system and comprising the various
steps of fuel procurement, adequate means to deal with the
irradiatéd fuel have now to be established. Such a sequence
in the realization of the new energy generating system

seems to be justified 1f sufficient technical solutions for
the subsequent steps are at hand.

The guestion of how to deal with nuclear fuel after its dis-
chérge from a reactor has not been raised only recently. The
generally accepted answer to that guestion has been given
some decades ago already with the development of’comprehenm

sive reprocessing techniques.



There is no reason to believe that this answer is no longer
valid. On the contrary, tremendous rescarch and development pro-
grammes in resprocessing have since then been executed in

many countries and their results together with the experience
gained through the operation of several reprocessing plants

of wvarious sizes have demonstrated a sufficient maturity of

reprocessing for industrial application.

In the past the intererest in reprocessing resulted from the
recovery of fissile material for further use in the fuel

cycle. Although a remarkable increase in reprocessing cost-—
estimates has reduced the economic advantage, there is never-
theless a strong incentive for recovering uranium and pluto-
nium from spent fuels, as their recycling in the light water
reactor systems can save more than 20 ¢ of fresh natural uranium
and nearly 15 % of enrichment capacity. It goes without say-

ing that the introduction of breeder systems is dependent on

the availability of reprocessing.

In the meantime the treatment and conditioning of radiocactive
wastes for final storage has become another important aspect
of reprocessing. The separation of fissidn'products and the
concentration of radicactive effluents through reprocessing
open the way for converting the wastes into such

physical forms which are especially suited for a permanent
storage under safe conditions; and last but not least, burning
plutonium in the reactor of a nuclear power plant must be

regarded as the most advantageous way to its disposal.



Reprocessing, immediate refabrication of mixed oxide fuel,
_wastemconditioning and waste storage in deep on-site geo-
logical formations are therefore the main features of the
philosophy for the fuel cycle center for irradiated fuels
in the Federal Republic of Germany. The necessity for the
early realization of this center with its various in-
stallations results from the post-irradiation reguirements
of the nuclear energy programme in Germany. The nuclear
energy generating capacity will increase from 6,400 MW, in
operation at the beginning of 1977 to about 35,000 MWe in
the mid"eighties. It is unreasonable and unrealistic to be-
lieve that sufficient installations in other countries will
or can be made available on a longer term to Cater for the
post-irradiation requirements of such a large programme. The
strong tendency to put the responsibility for radiocactive
wasﬁe storage on the national governments of the éountries
from which the waste originates is another argument for the

establishment of the center.

In accordance with their requirement that the further develop-
ment of nuclear energy in Germany will be dependent on the reali-
zation of satisfactory measures for a reliable and safe treat-~
ment of spent fuel assemblies along the line mentioned before,
ﬁhe Federal Governmen£ has stipulated general rules under

which the nuclear fuel cycle shall be closed. Such rules are:
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Industry 1s responsible for the intermediate storage

and the reprocessing of spent fuel assemblies as well
as for the refabrication of the recovered fissile ma-
terial and the treatment of radiocactive effluents for

final storage.

The final storage of radiocactive waste, as conditioned
into a suitable form is the responsibility of the

Federal Government.

In order to minimize the potential risks involved in
the treatment and especially the transport of radio-
active and fissile material all facilities from the
intermediate storage of fuel assemblies to the storage

of wastes have to be combined in one nuclear center.

As the storage of waste is an integral part of the
center the location of the site is dépendent on

the availability of suitable geological formations
in the deep undergrqund. Large salt deposits are con-

sidered to be a highly satisfactory solution.

All costs of the various treatments following the
discharge of fuel assemblies from a nuclear reactor,
including final waste storage have to be borne either
directly or through respective payments by the eledm

tricity generating utilities.



6. The realization of the center as well as the operation
of its installations shall be performed in accordance
with an utmost strict safety and security concept to

protect‘the population and the environment.

Whén’the programme of the Federal Government for the fuel cycle
center for irradiated nuclear fuels was announced some three
years ago, it found industry, utilities and the total nuclear
community easily prepared to agree, as it was in correspondance
with the various activities devoted~to establishing the remain-
ing part of the nuclear fuel cycle in the country. The appropri-
ate industrial structure to fulfill the Government's proposal
did not yet exist at that time. However, the new situation in
the field of reprocessing, marked by a change from an antici-
pated overcapacity in Europe to largely insufficient resources
and much‘more severe economic conditions, led to a concentra-
tion of efforts and means under the lead of the utilities. As

a result of this, a comprehensive description of the whole
center is now available and will be the basis for the first

application for the construction licence.



The center will consist of six distinct parts according to
the different nuclear activities concentrated on the site.

Such parts are:

1. TFacilities for the reception and intermediate storage

of irradiated fuel assemblies.

2. The reprocessing plant as the central part of the
center covering all steps from the Shearing‘of fuel
bundles to the delivery of purified uranium and plu-
tonium in the form of nitrates and including the in-

termediate storage of radiocactive waste.

3. Facilities for the intermediate storage of uranyl-

nitrate solutions and their conversion into uranium-
oxide, so that the recdvered.uranium will leave the
center in a solid form for further use especially
after re-enrichment at plants not integrated into

the center.

4. A mixed oxide fuel fabrication plant, where the re-
covered plutonium after intermediate storage is
refabricated together with uranium to complete fuel
assemblies, which shall be the only form in which

plutonium can leave the center.

5. Comprehensive installations for the treatment of the
various kinds of radiocactive wastes collected from
all facilities mentioned before. The treatment will
be such that solid products are produced, which are

best suited to their final storage.



6. A mine into a virginal salt deposit with two shafts
and several systems of drifts especially laid out
for the transport and final permanent storage of the

solidified wastes.

The size required for a site combining all these facilities
will be about 10 to 12 square kilometres. All the nuclear
reprocessing and adjacent facilities are designed for the
treatment of spent fuel eguivalent to the production of
50,000 Mwe’ that means for about 1,400-t'uranium per year.
Only fuel assemblies from light water reactors will be dealt
with. The average burn-up of the fuel assemblies on which
the concept is based is 36,000 MWd/t-uranium and the minimum
cooling period before reprocessing»shall be one year. This
standard fuel contains about 1 % plutonium and 3 % fission
products corresponding to an activity of about 2 millicn

curies per ton of uranium.

The center will have a central storage facility for spent
irradiated fuel assemblies. The fuel assemblies will be
stored in compact racks under water. For reasons of suffi-
cient operational availability several storage ponds will
be constructed, which will be connected by under water
locks. The total capacity of the storage facility will be
3,000 t-uranium in the form of fuel assemblies. This is
more than would be required for a normal undisturbed opera-
tion of the reprocessing plant of the said capacity of

1,400 t.uranium per year.
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However, in a situation where the nuclear utilities require
urgently adequate means for disposing of their spent fuel as-
semblies advantage can be gained from the fact that storage
ponds can be realized in a much shorter time than a reprocess-
ing plant, so that the spent fuel arisings of several

years can already be collected on the site before the opera-

tion of reprocessing.

The installations, for receiving and unloading of the fuel
assemblies will be designed for a reception of two transport
flasks per day to be delivered mainly by rail. Unloading
will be under water and adequate technigques are available

for ¢leaning of the flasks and their content.

The building,housing, the ponds and the reception facilities

will be safe against outside~influences, such as earth-quakes,
air-plane crashes and sabotage.

The reprocessing plant 1s the central part of the center.
For the extraction the purex~proceés will be used, preceded
by mechanical procedures for chopping of the fuel assem-
blies. After cutting the fuel rods by a bundle shear and
dissolution in nitric acid the resulting feed-solution will
be clarified by centrifuging. From a buffer store between the
head~end and the extraction a three-cycle purex process is
fed. In the first extraction cycle fission-products are se-
parated as well as uranium and plutonium. For the purifica-
tion of uranium and plutonium two further cycles each will
be installed. Of great importance for the design of a re-
processing plant is the choice of the extraction apparatus
for which centrifuges, mixer-settlers and pulsed columns

are available.



Pulsed columns with heterogeneous poison will be
used 'for the first extraction cycle. The second
and third uranium cycle will have mixer-settlers of a de-
sign which has been tested during many years of operation.
The possibility for comparatively large through-puts in a
safe geometry were decisive for the choice of pulsed col-

umns in the second and third plutonium cycle.

The capacity of single units of a production line is de-
termined by the intended through-put of 1,400 t.uranium in
each year of the life of the plant. Not taking into account
the real availability of a single production line the
through~put of 1,400 t-uranium per year is theoretically
achieved by a capacity of 4 t°uranium per day. This unit
size has been chosen mainly due to the fact that operating
experience in this range is available. The assumptions on
the availability of reprocessing installations, however,
have to be very conservative. Assuming an availability of
50 % over the life of a unit the capacity has to be doubled.
This will be achieved by installing production lines of

the unit size in parallel.

In general the lay-out and design of the reprocessing plant
- as well as of the other facilities in the center - are

based on the following two fundamental criteria:

- Achleving a continuocus operation to ensure the

annual through-put of the plant; and
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- Securing and maintaining the highest possible
safety against incidents and accidents with

the lowest possible impact on the environment.

These two criteria are not contradictory but in fact comple-

ment each other.

In order to obtain and maintain such level of reliability
and safety special and in many cases expensive measures
with respect to buildings, equipment and operational pro-

cedures will be taken such

o]
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1. Protection against outside influences such as
air-plane crashes, earth-quakes and sabotage.

2. Protection against even most unlikely incidents
despite theilr extremely low probability of occur-

rence.

3. Redundant installation of important supply serv-—-
ices and utilities such as electricity or cooling

water.

4. Minimization of liquid waste arisings by an ex-
tensive rework and purification of waste solu-
tions with recycling of purified products into

the process.

5. Production of waste water only in low quantities
and release to the environment with drinking water

quality only.



6. Extensive off~gas cleaning with emphasis on the
installation of aerosol-iodine retaining devices
and the separation of krypton by low temperature

rectification.

7. Design and construction of the equipment with
extreme corrosion resistance and in a way to

allow easy maintenance and repalr work.

8. Installation of buffer storage for several days
between different process steps in order to avoid

a shut-down of the whole plaht and

9. installation of parallel lines for all major
parts of the process, each line connected to
the supply and energy-units in such a way that

an alternative or parallel operation is possible.

The actual planning and the forthcoming basic—~ and detailed
engineering for the reprocessing plant are based on results
of an extensive research and development programme performed
at the Karlsruhe research center and on the know~how gained
with the planning, construction and operation of the pilot
plant at Karlsruhe. This comparatively flexible plant has so
far reprocessed about 60 t of oxide fuel from light water
reactors, some of which .had a burn-up near to 30,000 MWd/t.
Another important source of exploitable know-~how is the ex-
change of information amongst European reprocessors, who

have joined in United Reprocessors.



An extensive and reliable treatment of the radicactive wastes
from reprocessing is of special importance. According to the
concept for the fuel cycle center for irradiated fuels, as
described earlier, none of such waste shall leave the center
of which the final storage in a Salt mine is an integral

part.

Before the conditioning for final storage the wastes will
undergo an interim storage the duration of which is dependent
on the nature and radicactivity of the waste. Special treat-
ment before the interim storage is reguired for most of the

wastes.

High, medium and low active liquid effluents are conéenw
trated and transferred into especially designed tanks of a
size of up to 1,000 m3, The distillates are transferréd back
into the reprocessing plant. Other treatments are the con~-
centration and cementing of solid wastes or the separation
of organic ligquids. Some wastes such as bottled krypton or
iodine fixed on solid absorbers undergo intermediate storage

without special treatment.

The conditioning of wastes for final storage reguires a

variety of facilities. The purpose of all these facilities
is to convert the wastes arising in various physical forms
into solids which can easily be transported and stored in

the adjacent salt mine.



For the total center,treating 1,400 t uranium per year,
about 15,000 m3 of wastes have to be treated which after
conditioning lead to a volume of about 60,000 m3 to be
stored, including the volume of the so-called lost-

shielding of the waste-~containers.

Such figures have only minor significance as they do not
reflect the variety of problems associated with the dif-
ferent categories of waste especially with respect to the

level of radiocactivity.

Only 600 m3 of high active liquid waste are produced by
the reprocessing of 1,400 t uranium per year, which after
denitration, calcination and vitrification lead to only
100 to 150 m3 of solid waste. With their radiocactivity of
10 million curies per m3 they contain the bulk of the
fission products and require specilal efforts and care to
deal with the radiation and the heat release. Boron-sili-
cate glass put into stainless-steel lining is regarded as
the most suitable stable and resistant form for this type

of waste.

The high-active solid waste is put into 200 1 containers,

mixed with cement and after setting of the cement is trans

ported to the salt mine. The containers have a cast~iron
shielding which allows easy handling during the storage

procedure.

about



The treatment of medium- und low-active wastes which present
the bulk of the volume is performed in a similar way. Liguid
waste will undergo a denitration before being mixed with bind-
ing agents such as cement or bitumen and filled into contain-
ers of 200 to 400 1 volume. Solid wastes are wherever possible
reduced in volume by burning or compacting before being treated

the same way as the liquid waste.

The storage of low and medium active wastes in a salt mine
has been performed in the well known Asse mine for,many
vears, and a test-programme for storing high~active waste

is expected to start soon. The experience gained‘with the
operation of the Asse mine allows the design of a new mine
into a virginal salt deposit especially adapted for waste
storage. The many existing salt deposits in northern

Germany are each large enough to collect all wastes arising
during the life of the fuel cycle center for irradiated fuel.
Techniques to close a salt mine in a water-proof way after

having finished the operation are available.

The further treatment of uranium and plutonium recovered in
the reprocessing plant as nitrate solutions has already

been mentioned.

Uranyl nitrate will be converted into uranium dioxide by the
ammonium uranyl carbonate process. Eight parallel production
lines shall be installed for the conversion of 1,400 t uranium
per year, corresponding to 3,500 m3 of nitrate solution to be

treated.



The treatment of medium—- und low-active wastes which present
the bulk of the volume is performed in a similar way. Liquid
waste will undergo a denitration before being mixed with bind-
ing agents such as cement or bitumen and filled into contain-
ers of 200 to 400 1 volume. Solid wastes are wherever possible
reduced in volume by burning or compacting before being treated

the same way as the liquid waste.

The storage of low and medium active wastes in a salt mine
has been performed in the well known Asse mine for many
vears, and a test~-programme for storing high~active waste

is expected to Start soon. The experience’gained with the
operation of the Asse mine allows the design of a new mine
into a virginal salt deposit especially adapted for waste
Storage; The many existing salt deposits in northern

Germany are each large enough to collect all wastes arising
during the life of the fuel cycle center for irradiated fuel.
Techﬁiques to close a salt mine in a water-proof way after

having finished the operation are available.

The further treatment of uranium and plutonium recovered in
the reprocessing plant as nitrate solutions has already

been mentioned.

Uranyl nitrate will be converted into uranium dioxide by the
ammonium uranyl carbonate process. Eight parallel production
lines shall be installed for the conversion/of 1,400 t uranium
per year, corresponding to 3,500 m3 of nitrate solution to be

treated.



The uranium dioxide powder is packed into containers, in
which it will leave the center for further treatment such
as conversion to uranium hexafluoride and subsequent re-

enrichment.

Plutonium will be refabricated on site so that it leaves
the center only as mixed oxide contained in finished fuel
assenblies. After passing a buffer store with a capacity
of 50,000 1 the plutonium nitrate solution undergoes the
following stages. The nitrate is con&erted into oxide

by oxalate precipitation and calcination. The oxide
powder is then mixed with uranium dioxide before the pel-
lets are formed and sintered. Such pellets are then intro-
duced into stainlé$5wsteel or zircaloy cans, which, after
having been closed by welding, are assembled into fuel as-
semblies either for insertion in light-water or breeder

reactors.

The "Entsorgung", a newly formed German word which cannot be
translated into English and which means the procurement of
services following the discharge of Spent’fuel assemblies
from a nuclear power plant,has become the key-issue for

-the further development of nuclear energy in the Federal
Republic of Germany. The licensing of new nuclear power
plants is dependent on the demonstration of binding commit-
ments in respect of the eétablishment of the nuclear fuel

center for irradiated fuels.



According to the economic structure of the country, industry

is responsible for the realization and operation of the instal-
lations in the center except for the final waste storage facil-
ities. In accordance with the principle that all costs have to
be borne and the necessary funds to be raised by those, who require
the servizes the 12 electricity generating utilities have got
together for the coordination of the project work and for the
preparation of the financing of the investments. The utilities'
joint company, known as PWK, has taken the lead in the elabora-
tion of all documents, necessary for starting the licensing
procedure. The planning work is mainly performed by KEWA as

the company entirely involved in reprocessing, by KWU in as

far as fuel assembly storage is concerned and by the nuclear

fuel manufacturers RBU and Alkem.

The application for the first construction permit will bé sub-
mitted at the end of March 1977 and it is hoped that site pre-
paration can start soon. This is dependent on the further
progress in making available the site by the Federal and local
Government. The chation of the gite has been Choéen recently
out of four potential sites in northern Germany after an ex-

tensive site selection programme.

The time schedule further provides for the fuel assembly storage
facilities to be in operation by 1984 and for the reprocessing
plant by 1988. All efforts of industry and authorities are
necessary to meet the urgent requirements of the utilities in

the realization of their reasonable nuclear power programmes.
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INTERNATIONAL COOPERATION RELATING TO
THE FUEL CYCLE

(TAIF, Tokyo, March 1977)

Exposé by Mr. Taranger

What is known as the nuclear fuel cycle includes a series of
industrial operations which are relatively distinct from each
other, vbut which all contribute to the supply of fuel to nuclear
power plants, A distinction isg generally drawn between the
exploration and production of natural uranium, followed by the
enrichment of this uranium, and then by the fabrication of fuel
elements which are loaded into power plant reactors, and ending
with the reprocessing of irradiated fuels and subsequent waste |

packaging and storage.

Fach link in this chain of operations has its own specific
features, but, to various degrees, they all possess certain

determining aspects in common.

To begin with, except perhaps for mineral exploration and
production, they all draw on high quality techniques based on

sophisticated, reliable technological research.



Furthermore, except perhaps for fuel element fabrication,
they are all highly capital intensive, and the dimensions of

economical plants are often impressive.

Finally, since technological development and investment
financing exceed the resources of each individual country
involved, their indusiries are often obliged to reach beyond

their frontiers in the search for markets.

This explains why the nuclear fuel cycle industry needs
international cooperation, and it is always this spirit which
has guided the activities of French industries. = As we shall
see, the foremost among them, such as COGEMA, which
handles all the operations in the cycle, and also Péchiney-
Ugine~Kublmann, Saint-Gobain-Pont-a-Mousson, Total,
Creusot-Loire ete, have joined hands with many foreign
pariners and concluded commercial relations - in buying and

selling -~ crisscrossing our borders.

s

The exploration and exploitation of uranium deposits, like any

other mining industry, entails risks which should be distributed.
French industries have therefore naturally diversified their

efforts throughout the world.

3
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On the one hand, they are exploring and producing uraniur in
Europe, Africa, North America, Indonesia and Australia, in
association with over twenty partners belonging to the countries
in which these operations are carried out, or to consumer
countries. Furthermore, they have concluded long-term

contracts both for buying and selling uranium concentrates.

A good example of this is the Compagnie Miniére d'Akouta
(COMINAK) which associates COGEMA (with the Republic of
Niger and Spanish interests) with the Japanese company Overseas
Uranium Research and Development (OURD) and which will
shortly produce 2000 tons of uranium per year. . In addition,
uranium concentrate supply contracts bhave been concluded
between French producers and Japanese utilities to ensure, in

the words of one of their Chairmen, 'a friendly and safe supply'.

In the areca of uranium enrichment, based on the gaseous diffusion

process developed fifteen years ago in the national Pierrelaite
plant, French industries have been the promotors of EURODIF.
This multinational company, grouping French, Italian, Belgian,
Spanish and Iranian interests, is currently building, at Tricastin

in France, a plant expected to go on strearn in 1978, and to reach
rapidly a capacity of 10.8 million separation units per year. Its
output has already been entirely purchased to meet the needs of

the utilities of shareholder countries, and also other countries such

as Switzerland, West Germany and especially Japan, since the



seven utilities of this country will receive jointly, from

EURODIF, about one million units per vyear.

It is also because, after 1985, the EURODIF plant will be unable
to meet the needs of its partners, that the latter, again joining
hands in COREDIY, have decided to build a new plant, its location
to be decided in forthcoming months, In accordance with the

econormic analysis under way.

The industries associated in BURODIF and COREDIF naturally

do not intend to give these companies a monopoly in supplying

the needs of their respective countries. In France, for example,
we are already buyers of envichment services in the USA; five
yvears ago, we were the first to sign a contract with the USSR,

and there is no reason to discontinue this practice.

.
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Fuel fabrication, as we have already seen, does not reguire

investments as large as the other links in the cycle, and
consequently international paritnerships are unnecessary.
However, international cooperation is extremely useful in the
area of technology development, which requires considerable

resources, especially for irradiation experiments.

Consequently, we in F'rance produce the fuel required by our
graphite-gas and fast neutron power plants, and for the light watev

reactors derived from the French Navy's nuclear propulsion programn.



For the fabrication of PWR power plant fuels, it is important
to note the existence of Franco-Belge de Fabrication de
Combustible, which groups French, Belgian and American

interests.

As for fast neutron reactor fuels, the cooperation with our

German and Italian friends should also be noted.

With respect to the many cooperative ventures in the area of
research and development, one should also meuntion the agreement
binding the CEA with PNC, for the irradiation of fuels developed
in Japan, in Rapsodie, the French fast neutron reactor.

o e
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The reprocessing of irradiated fuels, which is indispensable for

3

the economics and growth of nuclear energy, only enters the
picture after power plants have operated for a few years, whereas,
on the other hand, the other operations of the cvcle just described
precede, by a few years, the startup of these power plants.

This is why the worldwide reprocessing industry has not yet

attained a state of equilibrium.

In our country, however, we have unceasingly worked for twenty
years to develop the techniques and corresponding installations at
Marcoule and I.a Hague. The first case of international
cocperation also dates from nearly twenty years ago:  in 1957 the

Furochemic Company was created, grouping twelve European

{8



countries, to build a plant at Mol (Belgium). Based on
essentially French technology, this plant has operated

satisfactorily since 1966.

Also in the field is United Reprocessors (GmbI) which combines
British, German and French resources. Also noteworthy is
the participation of French technology and industry in building the

Tokai Mura plant here in Japan.

Naturally, since last year, when the French plant at La Hague
started reprocessing light water power plant fuels satisfactorily,

we have agreed to handle irradiated fuels from other countries.

For this purpose, contracts have already been signed with ten
utilities in five different countries, covering a total of 800 tons.

Kansal Eleciric and Shikoku Electric are among them.

ES B

Everyone is aware of the evergrowing importance of waste

packaging and storage in the fuel cycle, at least when this

involves high activity wastes and those which contain long half-

life alpha emitters.

In the short term (a few decades) the problem has been
satisfactorily resolved by storage in liquid form in specially
designed tanks, which are permanently cooled and monitored,
which we have been using without the slightest problem for

nearly twenty years.



In the longer term, however, we shall have to leave the design
of different storage facilities to future generations. We in

>

France feel that wastes should be packed in solid form, and stored
I )

in suitable deep geological strata. This is why we are
developing a continuous vitrification process. Furthermore, the

discovery of several fossil nuclear reactors at Oklo, in Gabon,
confirmed the existence of geological conditions in which substances
produced by the decay of fission products and plutoniuvm are found,

more than one billion years later, exactly where they were produced.

The area of waste handling is one in which international cooperation

is and will be most active.

One can thercefore reasonably hope that the satisfactory short-term
solutions achieved, as well as the research and pilot projects
under way, should convince national leaders and the public that
excellent solutions should be anticipated in the long termn.

s
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In conclusion, it is easy to see that the nuclear fuel cycle industry
is growing in the spirit of international cooperation. This
provides a guarantee of its effectiveness, and the assurance for
its clients of healthy competition, which is important for progress,
as well as reasonable prices. In this context, Franco-Japanese

cooperation is an exemplary factor.
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Presented by C Buck

BRITISH NUCLEAR FUELS LIMITED

There are a number of important objectives which encourage organisations

to enter into international collaborative activities,

-~ the practical need to rationalise the deployment of resources
-~ the advantage of sharing risks

- the need to ensure supplies and markets

- the exchange of technical information and know-how

and - a desire to coordinate policies internationally.

In the nuclear field the efficient international deployment of resources
and the sharing of risks are particularly important because of the
maggive expenditures which are involved, the length of time required to
develop, construct and commission facilities and the economic advantages

of operating on the largest practicable scale,

Nuclear activities which are organised on an international basgis should be
less dependent upon the current power strategy and the financial and
industrial climate in any one country and should therefore enjoy a more even

supply and market position,

In an industry which has a very high technical content and which requires
the highest standards of operation and safety to be maintained, it is
beneficial for all collaborating parties to exchange technical information
and know-how, The importance of these exchanges ranges further than
the immediate area of technology involved since a failure in any part of the
industry can have repercussions which will affect the development of the

whole indusftry,



In international organisations the opportunity to coordinate policies

on an international basis may provide meang of reducing the proliferation
of nuclear weapons and a framework for the development of internationally-
accepted standards for the protection of the environment, workerg in the

industry and the general public,

A number of organisations involved in international collaboration in the

nuclear field may be mentioned,

- the International Atomic Energy Agency of the United Nations
- the Nuclear Energy Agency of the OECD
- the Research and Development Centres of the European Economic
Community
:E%{hé%ﬁ%ﬁ%&?}%ﬁﬁ%ﬁé organisation devoted to the enrichment of
uranium

and - United Reprocessors Pacific Nuclear Transport Ltd., British Japanese

Orpanization dealing with Transport of irradiated fuel
from Japan to Europe.

Each of these and many other organisations involved in international relations
are daily contributing to the fruitful extension of international collaboration

in the nuclear field and many substantial achievements may be mentioned,

such as, the development of transport regulations for the international transport
of radioactive materials, the development of new enrichment techniques and

the construction of new fuel cycle facilities.

Although the record in international collaboration ig so far impressive we
must not become complacent and one should ask if there is any important

area at present which is receiving less international attention than it merits,

In answer to this I would highlight the special problem of the final disposal
of medium and high-level solid wastes which has only been pursued so far

to a limited extent on an international bagis.



I feel this subject is of the highest importance for the future development
of the nuclear industry and that it should be singled out and vigorously
pursued with the object of developing internationally-acceptable disposal

techniques.

The disposal of low-level radioactive solid wastes by near-surface burial
on land is already established practice in all countries with nuclear
programmes, such operations being covered by national legislation in
individual countries. The disposal of low-level waste to the deep ocean

is already an internationally-established practice which is controlled under
the terms of the international agreement generally referred to ag the
"Tondon Convention'', There is, however, no fully-developed procedure
for the final disposal of medium and high-~level solid wastes and it is in

this area of development that future efforts should be concentrated,

Medium and high-level wastes which arise from power station and reprocessing
operations are at present stored under safe conditions pending the development

of a final disposal route,

The final conditioning and packaging of these wagstes for dispogal will depend
upon the disposal route which is eventually selected and shown to be
environmentally acceptable, In the meantime therefore it is necessary to
maintain these wastes in a condition which will allow flexibility in the

selection of future conditioning and packaging procedures,

In anticipation of final disposal operations, several methods of treatment are

under development for these wastes.

For medium-level combustible wastes an incineration process is under
development with an associated process for the recovery of plutonium

from the ash, should this be required,

Methodg for the incorporation of incinerator agh into ceramic blocks and
for decontaminating non-combustible items of waste are also under

development,



Processes for the solidification of high-level liquid waste are under
development in a number of countries, The method generally preferred
results in the dried waste being incorporated into glass blocks of extremely

low solubility,

All of thege treatment processes are at advanced stages of development and
it is now timely that substantial progress towards an ultimate disposal route
should be realised so that a complete waste management scheme can be

introduced,

I also feel it is important to be clear in this respect, that such international
Pirmad e/
efforts to develop treatment and\ Timinatd disposal routes for waste should

be pursued freely without commercial or other restrictions and should not
be caught up in th"}ég%é"féﬁcﬁ%?logy issue which relates gpecifically to the

reprocessing operations,

Following the "'International Symposium on the Management of Wagstes from
the LWR Fuel Cycle' held at Denver in July last year, an international
working Committee, which included representatives from Japan and the UK
among other countries, met at Hanover to discusg the possible extension of
international collaboration on waste management, The two main options
for the future disposal of medium and high-level solid wastes - disposal intfo
deep geological formations or to the seabed of the deep ocean, were
identified by the Committee as subjects which require investigations
coordinated on an international basis. This field of development has also
been recently discussed at OECD/NEA meetings at which both Japan and
the UK are represented and I would suggest that these are important
initiatives involving both our countries which should be strengthened and
pushed forward to the overall benefit of the nuclear industry in Japan and

the UK.

8 February 1977
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International Collaboration in

the Pu Fuel Production Business

J. Van Dievoet - B, Vanden Bemden

Plutonium is a New FEnergy Resource presenting the advantage of being

generated at the 1ocation,wh@re‘hunleax figaion reactors are being used,
and in direct proportion to that use. It is, therefore, independent

of imports as long as the reactors can be fed with enriched uranium and
as long as the necessary irradisted fuel reprocessing plants are

available on location.

How important is plutonium as an energy resource %

We have evaluated that, on the basis of a moderate energy growth,
nuclear genersted power could represent in the western world 3,500 GWe
by 2010. On that basis, and assuming an orderly growth of the fast
breeders, similar to the now hisgtorical growth curve of the IWR's, we
have determined that 2% of the nuclear power, or 860 GWe, could be
generated by plutonium uging and breeding fast breeder reactors iﬁ 2010,
Moreover, as plutonium availability would exceed by far the requirements
of the fast breeders in the interim period 1977-2010, 15% of the IWR's
energy could be produced by plutenium over the same period., This would
certainly not be a negligible contribution to the western world energy

resources,
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This fundamental aim can be safely performed because today i£ is a

fact that

1) plutonium bearing fuel is produced with full safety

2) plutonium waste, from production plants; is mafely conditioned in
view of its fullsafe ultimate disposal

3) plutonium bearing fuel achieves an identical behaviour in INR power
reactors as uranium enriched fuel.

Besides these three importent facts which are now positively recognized

by the informed technical people, our main concern is related presently

to

1) the safeguarding snd physical site protection of the plutonium
production plants in particulat

2) the economy of plutonium bearing fuel production,

As far ag the safeguarding and physical site proteciion is concerned,

it is a fact that in the present situation, all practical means are
installed in brder to avoid plubonium diversion and to physically
protect the production sites. Nevertheless, if in the future the
number of sites increases progressively, the probability of a diversion
or other terrorigt action will mathematically grow in proportion.

The way to meintain this number of production sites to an é&ceptable
level is to promote the principle of a form of internationalization of
these plants., To go deeper into the concept of integration of fuel

eyele nuclear plants, the grouping on single sites of a reprocessing



plant, a plutonium fuel production plant and a wasbe management plant

is esgential from the safeguarding and physical protection point of view.
First, with such an integration, transport on public roads of considerable
amounts of high plutonium conteng liguids or powders is eliminated to a
large extent., The only transports on public roads to be considered are
related to the delivery to the power stations of finished fuel elements,
These elements are inserted in very heavy centainers, which cannot be
easily diverted as one can note that each reoad transport grouping 4
agsemblies represents a tetal weight of about 12 tons per 1.8 tons

U ¢ Pu and 50 kg of plutonium. If, in order to reduce the number of
integrated sites, the intermationalization principle is adopted, in
addition, one could optimize all posaible ways to physically protect

the sites against robbery or sabotage, or other terrorist action,

taking into account the existing measures already in application.

This concept is sponsored by the IAEA in the frame of its regional fuel
cycle centre project about which a report on first re&ulﬁs is announced
by the IABA. This report will be presented at the IABA Salgzburg
Conference in may of this year. To be practical and effective, the
principle must not be obligatory extended to the ultimate waste disposal
activity. This latter can either be colocated with an international
integrated mite or geographically separated from it. It can also be
pultinational or national witbnux‘altering the fundamental bases of the

international integrated site concept,

As far as the economy of plutenium bearing fuel production is concerned,

the integration of reprocessing, production and waste plants in s



multinational centre, e.g. will unavoidably reduce the fuel production
costs since all support services such as general test and analytical
laboratories, general workshops, fissile material accountability,
general site protection, etc. can be orxganized to serve the centre as

a whole and must not be duplicated. The parameters which most affect
the econemy ¢f fuel preduction are

- the size of the batch to be produced in one continuous campaign

«~ the capacity of the plant

« the variability of the fuel characteristics.

If the plant is integrated in a high capacity complex like the one
conagidered for a HFCC, the probability to combine the production of

fuel for identical power stationsg increases. This means that the
average batch size produced in one continuous fabrication campaign will
increase which will have a bensficial effect on cost e.g. the produciion
cost difference between a babtch of 2.% tons U + Pu and another one of 10
tons U+ Pu plutonium bearing fuel elements is between 30 and 40% (1).
Considering apart ‘an increase in capsecity of 40 tons U 4+ PuA/'year

to 160 tons U + Pu / year leads to a cost decrease between 15 and 20% (1).
The international concept allows alseo to split the very important
initial invesiment cosis among the participant countries and gives
potentially to all countries the pessibility to bensfit from the

experience gained in the considered fields at a world level,

International collaboration applied in the frame of fast reactor projecis

projects, very close collaboration exists in the field of

plutenium fuel design and production bhetween Germany



and Belgium specialized research centres and industries. In Belgium

at Dessel, Burochemic, a pilot reprocessing plant has been operated
since 1966, The company had been formed by 13% nations and has reached
its assigned gosl to demonstrate at an industrial level the soundness

of the purex process now adopted by all existing and future reprocessing
plants. The company has procured more than 180 tons of light water
reactor fuel and has been operated with s full international team
demongtrating the real Validity to put people of different nationalities
together to achieve an effective work, 8ueh project, besides ite first
goal, comiributes also to a better understanding belween people of
different nations which should be a world goal for the future. Very
recently, in December last year, the Board of Directors of Hurechemiec
hag decided to build a semi-industrial plant for the solidification of
high level active waste. In connection with this project, the QHCD
(Organization for Hconomic Ceoperstion and Development) starts progressively
an internatieonal cooperation program, grouping besides the Enrechemic
member countries in particular the USA and Japan with whom the
negotiationg are already far advanced.

It is worthwhile to note here that at the same site, the Belgonucleaire
Pu fuel fabrication plant and wasie menagement plant have been operated

successfully for many years.

Conclusion
The limitation in the number of integrated fuel cycle sites and
congequently the internationalization of these sites favours the

safeguarding, the physical protection of the site, as well as the



economy of the fuel cycle and in particular, the one of plutonium fuel
production.

One has also to add that it facilitates the personmel formation and
training through & better centralization. One should not forget that
an efficient perscnnel training is the best guaranty for safety,

egpecially in the plutonium fuel cyecle industry.

(1) Topical and meeting toronto - April 1975.

ANS Meeting, Toronteo, April, 1975
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NUCLEAR FUEL CYCLEj INTERNATIONAL MARKET, INTERNATIONAL CONSTRAINTS

AND INTERNATIONAL COOPERATION

by Ryukichi Imail

I New Approaches to Nuclear Fuel Cycle

There are thirteen power reactors (7,428 MW) in operation
in Japan, while fifteen more (13,363 MW) are under construction,
Uranium reserve is only 9,033 tons at 0.053% a;erage ore grade,
Fifty tons per year (SWU) centrifuge pllot plant is under constw-
ruction, LWR fuel fabrication plants have total annual capacity of
about one thousand tons and are expanding,' 200 tons/year reprocess-
ing plant is awaiting hot test at Tokai, while 100 MW(Th) experimental
breeder will go critical in April. This, in brief, is what consti-
tute Jaban's nuclear fuel cycle today.

Rather than dwelling further on their details, T would like

to take up the international aspects of nuclear fuel cycle, and

discuss
a, major problem areas
b, éonstraints that should be expected in future, and
C. possible international cooperation,

Under research contract with the Ministry of International
Tfade and Industries, the Institute for ?olicy Science has been con-
ducting fuel cycle analysis for the past three years using system
dynam%c model in order to calculate qua@%tive effects of different

factors of constraints on nuclear fuel cycle, Although this is not the

place to give details about this model study, it is at least worthwhile



to point out that optimization of fuel cyele strategy is not simply
governed by mills/kwh type of considerations, Much more strategic
factors such as maximum utilization of energy from importad ore,
trade~off between construction lead time of centrifuge enrichment
plant and fuel reprocessing plant seem to influence the fuel cyole
strategies of a country like Japan,

In other words, the study has led us to realize that for a
very long time we have been lLiving under the impression that the con-
cept of nuclear fuel cycle as given at the beginning of the Atoms for
Peace waﬁld come about naturally and without any major modification to
the concept., Tt has been assumed the once scale of nuclear power
program has been determined, necessary fuel cycle technolopy and
facilities would follow, What one is faced with today is that con-
straints on nuclear fuel cycle are such that they have an determining
influence on the size of nuclear program itself, Among such constraints
one can mentions

i) ones arising from economic and financial reasons,

11) those caused by uranium vesources and their distribution,
11i1) those arising from technical reasons,

iv) issues of public acceptance, and

v) those quite independent of normal industrial consider-

ations, but caused by elements of international politics,

IL. Energy Situations in Japan

It seems to be an accepted theme within the international
energy community that production capacity in the Arabian Penninsula
would- invite "the second oll crisis”™ by the middle of the 1980's,

“onslderation of the North/South relations indicate thal the in-



3,
dustrially advanced countries of North will have to depend increasingly
on technological means for alternative energy supply. Fotr a country
like Japan, without large reserves of oil, gas or economically and
environmentally available coal, nuclear power offers very important
energy option,

-

The official forcast for energy supply in 1985 sayss

domestic hydro ‘ . 3,7%
domestié oil And gas 1.87%
démestic coal : | 1.9 %
geothermal ’ 0.5%
imported oil - ‘ ~63,3 %
imported coal 11,2 7
imported LNG 7.9 %
nuclear | ; 9.6 %

[}

making the total of 830 million k1l of oil equivalent minus 9.4 7 .as
effects of energy conservation. - 0il import figure is 485 million kl'
which is a great deal of increase compared to 318 million k1 ¢ 5.5
million b/d) in 1973, 9.6 % nﬁclear ié on the basis3of 49,000 MW
capacity.

Each one of thése.sources has major difficulties in order to
achieve the above-mentioned target figure, while whatever shortage
theiein would mean that much shortage in attainment of GNP growth
rate, For a country who depends so much on export of industrial
eommodities for her economic ekistence, and with the expected changes
in demographic structure of the population, this will be a very.grave
situation. Without going too much into the energy forcast of the

“

country, however, such considerations would be sufficient to con-

»

" elude that Japan's basic strategy on nuclear fuel cycle is made up of



the following four pointss

&,

b,

C.:

For the short-term considerations up to the year 1985, Japan has

to exert all possible efforts to increase energy supply from all

the energy sﬁurces mentioned above,

Nuclear power is the only means at Japan's disposal which may
provide increasingly large amount of.energy through her own efforts,
e#pecially toward the mediﬁm~tgrm coﬁsiderations up to the year 2090.
Since development and deploymént of modern energy techﬁology re-
quires very large investment of resources, it would obviously,more
effective if such energy technology possesses a large potential to
manage energy needs well into the twenty-first cenﬁury. Plutonium
burning through FBR is a very important and indispensable technology
Option for the country.

There are number of problems in technology, economics, finéncing

ete, that will have to be overcome before burning of Plutonium in

" & very large scale becomes a well-established industrial technology.,

_However, we need to realize that there is not a single easy option

for Japan today, Forcasting cost of power on the basis of today's
knowledge is not the recommended methodology to evaluate the options,
(Solar electric power or nuclear fusion, then, will not stand a
chance ! )

" With the 0.3 % tail, the following gives an easy comparison

among different energy values of technologies, (% of potential)

IWR without Pu recycle 0.5 %
LWR with Pu recycle 0.7 %
FBR without Pu recycle : 0.5 % -

FBR with Pu recycle " better than 90 %

¢
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A trade-off relations éxist between lowering enrichment tail to 0:;2 7%
and conducting LWR Pu recycle, For a given condition, LWR'Pu recycle
has important effects in the energy supply consideration of Japan, es-
pecially since all uranium ore has to be imported and since develop-
ment of Pu handling technology is already an important part of her

energy option,

III  Nuclear Fuel Cycle and International Market

Thig subject was rather exténsively covered in a joint paper

with Mr, D. Avery of BNFL which was presented at the November 1976

ANS Conference in Washing;on, DZC' Here, it will be sﬁfficient to

point out the following major characteristics of nuclear fuel cycle

industry, The results from the afore-mentioned MITI study are also
taken into consideration,

(L Uranium reserves are found only in limited regions of the
world; Except for the Uﬁited States, expected demand and
production forcast do not meet in the region, and thus
uranium, by definition, is an international c;mmodity which
moves from produc?ng areas to consumption areas, Newly
discoVered reserves are often in geographically or socially
inaccessible areas, so that a large amount of investment and
long lead time are required before they can become marketable,
Consuming countries’ pgrticipation in such investment will

. become'a part of acceﬁted norm,

(i) Within the fuel cycle, facilities for reprocessing and enrich-
ment have to have 50 to 90 1000 Mﬁe class LWR's in order that

. these facilities may be commercially viable. This means

that fuel cycle facilities always have to look at the inter=-

national market,



6.
- (1ii) Many of the facilities are known for their capital-intensive

and technology-intensive characteristics as well as for their

very loné 1ead—timé. At the same time, techpology and facili-

ties of ﬁuclear fuel cycle serves a single purpose of producing
nuclear e}ectricity. There is very little inter-changeableness
and this makes fuel cycle -industry a very inflexible entity,

It is natural that technically advanced regions of the world

with a large scale nuclear power program of its own should be-

come the world's centers of nuclear fuel cycle services,

Because of these considerations, and because its technology still
have areas in which industrial scale demonstration is needed, it is ex~
tremely important that international flow of technology and services
should be encouraged so that sound development of international fuel
cycle market may be gradually established., This is because:

a) unnecessary repetition of investment in R & D or in plant
construction has to be avoided, and effective utilitzation of service
capacities should be aimed at, and

b) proper formula for sharing of investment risks should be
worked out and sound development of the international industry en-

couraged,

"IV Matters of Nuclear Non-Proliferation

The preceeding discussion is based on nuclear fuel cycle as an
industrial eégﬁity. It is very well known that nuclear technology has
an aspect related to the nuclear weapons, The two major themes need
be considered in this connection, namely:

a. proliferation of nuclear weapons potential

b. realization of such potential in actual weapons,

IAEA safeguards provide adequate means to prevent b from
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occuring, while the basic nature of the fuel cycle industry which calls
for a limited number of technology centers throughout the Qorld offers
important direction toward solving a , What need to be seriously
evaluated are not any shortcomings in the nuclear fuel cycle industry
but may be limited to the following two:

i) Whaé needs to bg really prevented from proliferating? and
ii) What extent of international assurance is really required?
d If one should start from a fundamental conslusion, it is simpl&
like this:
“Lf any potential for production of any crude nuclear explosive
device (s) is to Be prevented at any cost, then the recommended
measure is to stop all p;aceful nuélear activities right away."
To use a number from the Rassmussen Report, the conclusion is equivalent

of:

“If a nuclear accident with a chance of killing more than ten
persons should not take @1ace even once in every 250,000 years,
and even if such probaility may be smaller.than a person getting
killed by a falling meteorite,aécident is still amaccident, then
the only thing to do is not to build or operate nuclear power
plant,®
Just as it would be too late for this policy to be enacted
because so many operating nuclear power stations have radioactive f.p.'s
in reactor cores and chances of their accidentally released to human
environment is not absolutely nill, it would be too late to get nuclear
genie back into the bottle. There has been sufficient proliferation of
nuclear knowledge throughout the world so that a chance of somebody
making a crude nuclear device is not zeroveveﬁ if no furéher industrial
activities take place, "How safe is safe enough ?"'is the question

that may be equally asked in the case of nuclear non-proliferation,



8.
 Since non—proliferatioﬁ is by definition a defensive measure, and since
against any defensive means, there always is an offensive scenario, how-
ever absurd, which can beat this defense, non-proliferation can lead to
an open-ended discugsion ad infinitum, Just as in the case of safety
argument, it is not going to contribute to the real cause,

What should be‘the level of proliferation that need to be
prevented, and what degree of international assurance in doing so would
be regarded adequate depends very much on the *threat level perception"
among different countries; " - A country who do not foresee any need
for nuclear power into a very long future may easily accept the extreme
scenario and agree with complete ban on any nuclear industrial activities,
For others, who feel the immediate need for a very large scale Plutonium
based energy, of those who would 1iké to take uranium energy as an interim
but "last" resort, national security analysis will give different answers
to such threat levels as:

a. capability to produce several crude explosive devices in five to
ten years,

b. actual possession of such devices by immediate neighbours,

c. possession of small numbers of meaningful nuclear weapons with
limited but efficient air-delivery capabilities.

Perception of threat levels will also be influenced by threats
imposed onva country from other sources. Prospect of significant short-
age of natural resources such as food or energy may mean much more
serious situation to some countries than the nuclear weapons which their
néighbours may develop in some distant future. It is worthwhile pointing
out, what to many people seems like a common sense statement that thousands
of megatons actually deployed means far'larger threat compared to a

-

small number of crude devices which somebody has not developed yet.



) Toward Meaningful International Cooperation

Factors involved in the non-proliferation are so diverse and
so complicated that it is not possible to explain them all in a given
short period of time. Considerations such as energy supply and demand,
status of avalalbility of different natural resources, global political
S£rategy of a country, all contribute in making this subject one of the
most difficult dilemma of our time, It is also very important to bear
in mind that technical capabilitieé do not necessarily lead to actual
weapon acquisition. There have beeﬁ many. such examples in the world,
There are many effective political means which would make weapons
acquisition either undesiQéble or un-ne¢essary., 1Lt shduld be particu-
larly emphasized that to accord special priviledges to nuclear weabon
states in the world non-proliferation regime is an absolute none-sense,
It would be equivalent of denying proliferation on one hand and at the
same time proving to the world that having nuclear weapons is indeed
advantageous.‘ .

Based on these considerations, one may be able to point out
that the following‘roughly represent general course of‘action to bring
about effective international cooperation toward effective nuclear
fuel cycle with adequate assurance of non-proliferation,

1) Long~term contractual commitments, exchange of technology, inter-
natfonal joint venture, and other means should be encouraged to develop
international fuel cycle marketx When allowed to follow natural flow

of supply and démand, this wouid lead to creation of séveral efficient
fuel cyle technology centers of the world from which the rest of the
world would receive necessary services, Réstraints should be placed
1nternationar%ixlorder to cdrve obviously uneconomic, unjustifiable

development, but at the same time, politics should not try to dictate



10,
- or interfere with the internal logic of large technology-intensive
industry.

- 2) Exporting critical or sensitive technology or material, when
it cannot be justified from the considerations of 1) above will have
to be placed under international control. The crucial requirement

to make such a‘proposition meaningful would be to establish long~-term
credibility of supply of the neceésary fuel cycle services,

3) ‘IAEA Safepguards can provide adequate assuarénce to prevent
diversion, especially if its emphasis is shifted from current LWR

and low gnriched fuel fabrication to Plutonium handling and highly
enriched uranium, Moré attention should be given to safeguarding
reséarch facilities, Physical protection requirement of nuclear
material accouﬁﬁgancy with containment and surveillance can also
re-gnforce safeguards effectiveness,

With the expanding size of nuclear industry, what have so
far been understood to be the amjor constraints on nuclear fuel cycle
are proving themselves to be somewhat more difficult and more com-
plicated than was originally'thought of, 1In addition to these
technical and economic problems, non-proliferation requirements have
come to be very much emphasized now-a-days. These requirements,
especially when they are presented to the world in abfupt and ill-
defined manners, tend to threaten the very existence of nuclear
industry itself by interjecting non~industrial elemeﬁts into what
shoula basically be an industrial problem, The starting point of
international cooperation is to have common fecognition of such basic

nature of the nuclear non-proliferation problem.

o0o
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other Member States with a view to planning and establishing the

necessary fuel cyecle faciiities on a muliinational basis,

«
.

0

s 1 have said, the report dn the regional fuel centre concept
will be presented at our Conference in Salzburg from 2 to 13 May.
Tt reaches interesting conclusions about ths economic threshold for
reprocessing plants -~ in other words, the size below which reprocessing
is likely to be quite uneconomic under any reasonable circumstances,

It also reaches interesting conclusions about the economics of
reprocessing as against long-term storage of irvradiated fuel,

These, too, will be reported at Salzburg.

The Agency 1s also making a much smaller parallel study on all

relevant aspects of an international plutonium management system

Y

3

n the IAFA Statute., This considers the

te

for which there is a ba

1]

pros and cons of centralized storage of plutonium, at existing
repro essing plants in nucleavr-weapon States, in countries wiere no
reprocessing is being done and in non-nuclear-weapon States which
have plans for reprocessing, The chief interest of this study is,
of course, to prevent any stock-piling of surplus plutonium, The
study also locks at the possibilities of an international spent fuel
management system,

Both the Regional TFuel Cycle Centre Study and the Plutonium

-

Ianagement Study were triggered by concerns about the dangers of

b

e
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International Co-Operation in the Nuclear Fuel Cycle -

The German View

o
Dr. Werner Boulanger

After the end of the second world war, activities of any kind in the
nuclear field were prohibited in Germany. When the ban was lifted
in 1955,£he Government of the Federal Republic began to promote
studies; training and research. They concluded Co-operation
Agreements with the United States of America and the United Kingdom
of Great Britain and Northern Ireland. Several research reactors
were bought in the USA and UK and, in co-operation with Linder
Governments and partly with industry, nuclear research centres

were founded (Garching, Geesthacht, Jiilich, Karlsruhe). Also in
1955, the Federal Republic wawved any claim for research for or

acquisition, possession or use of nuclear weapons.

*)

The author expresses his own personal views; they must not
necessarily coincide with those of his present or former
employers.




The Federal Republic became a founding member of the European
Atomic Energy Community (Euratom). This means that all her nuclear
activities have, since 1 January 1958, been under strict safeguards
implemented by that multinational, supranational authority. Lt

also means that she has to conclude her international agreements

in the nuclear field either through or with the concurrence of the

European Commission.

The Federal Republic is also a member of the International Atomic
Energy Agency (IAEA), the Treaty on the Non-Proliferation of
Nuclear Weapons (NPT), the Agreement concluded between Euratom
and its Non-Nuclear Weapon States members in execution of
Article III para. 1 and 4 of NPT (Verification Agreement). She
belongs to the group of countries represented on the Zangger
Committee (IAEA document INF/CiRC/209) and in the so;called
"London Suppliers' Club'". Within this legal and political frame,
the Federal Republic of Germany conducts her international co=-
operation in the nuclear field. She is guided therein by the
strict desire to prohibit the‘spreading of nuclear weapons

capability.

The Federal Republic has concluded‘several bilateral agreements

for co-operation in the field of nuclear energy. One of these
agreements has been much discussed and also criticized, particularly
in the United States of America. 1 shall nevertheless deal with

it briefly in this context, because it gives, in my opinion,



an excellent example for the possibilities of international
co~operation in the nuclear field and at the same time of the

problems encountered.

A basic Agreement on Co-operationin scientific research and
technological development was concluded between the Federal
Republic of Germany and Brazil on 9 July 1969. Within this
framewok, five separate agreements were concluded between
corresponding German and Brazilian organizations in the fields
of nuclear energy, scientific research, air-craft and space
research, mathematics and data processing and short time
exchange of scientists. In the field of nuclear energy, two
Summer Courses and several Working Seminars were held. A joint
"study on the development and construction of‘the fuel cycle
and reactor component industries in Brazil" led to a detailed
plan for the introduction of nuclear energy in Brazil with
increasing participation of Brazilian industry. This plan became
part of the Second National Development Plan. After Brazilian
attempts to contract for the necessary "hardﬁare“ in the US,
including guarantees for continuous enriched uranium supply
and reprocessing,failed, one turned to the Federal Republic
of Germany. In the ensuing negotiations it was made absolutely
clear from both sides that the whole deal was to come under
strict safeguards provisions to be implemented by the 1AEA.

The agreement which was signed on 27 June 1975 provides for
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co~operation between scientific and technological research
institutions and enterprises in the two States, which includes the
prospecting, mining and processing of uranium ores as well as the
production of uranium compounds, production of nuclear reactors
and other nuclear energy facilities as well as their component
parts,

uranium enrichment and earichment services,

production of fuel elements and reprocessing of irradiated fuels.
The above-mentioned co-operation includes the exchange of the

necessary technological information.

Instruments regulating details of the co-operation were signed
by the Ministries concerned. In the meantime, joint subsidiaries
were founded by German and Brazilian firms to take up the work

in the different fields.

An agreement was concluded between the International Atomic Energy
Agency, Brazil and the Federal Republic of Germany for the application
of safeguards to all nuclear activities coming under or evolving

ocut of the bilateral agreement of 27 June 1975. A new feature of

this Safeguards Agreement ,which goes beyond requirements of the

NPT and earlier IAEA safeguards agreements, is that this one also
covers technology transfer. This means that not only "hardware'

such as nuclear installations and fissionable material will be

controlled, but alsc "software', i.e. information and know how.

..5..
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This Safeguards Agreement, which is the tightest ever concluded by

IAEA, was approved by the Board of Governors in February 1976.

What now will be the benefits for the two States Parties to the
bilateral agreement? For the Federal Republic of Germany it holds
the hope for finding and developing, together with Brazil, new
uranium deposits and for in this way ensuring a continuous
uranium supply. It also means a big export volume for nuclear
power stations and components thereof. For the Brazilian side
the agreement means not only being supplied with new sources of
needed electrical energy, but above all acquiring industrial
capacity,to in the end-run, constructing nuclear power installations
of Brazilian origine. It also means an independent, complete
nuclear fuel cycle. For the Federal Republic the fact that gshe
own

assists a big nation in getting on its/feet in an important field

of nuclear technology is a political side effect not to be overlooked.

In spitebof its international acceptance by the IAEA Board of
Governors, the German/Brazilian agreement continues being

under verbal fire from various sides. Some criticize the whole deal,
others, seeming to be more knowledgeable, turn against the sale of
an enrichment plant and, foremost, a reprocessing plant. They feel
that it would be dangerous to give a Non-Nuclear Weapon State the
possibility by reprocessing irradiated nuclear fuel elements to

get into the possession of plutonium which might be used for

making nuclear weapons. Those who hold a different opinion argue



that the plutonium should and would be used as fuel for power reactors
("recycling"), thus making full use of the scarce fuel material
available. They point to the fact that under the bilateral and
trilateral agreements also the reprocessing plant and the nuclear
material in it will come under safeguards, as will the enrichment
plant, which in this case, because of its technical features

(nozzle enrichment) does not lend itself to high enrichment

necessary for weapons grade material.

The short ten minutes at my disposal forbid to go into further
details of the pro and con. They will most probably come up in

the discussion. But I should certainly sum up the German point

of view like this: We are fully supporting not only the letter

but the spirit of the Non-Proliferation Treaéy. It has unfortunately
proven not to be quite adequate in every respect. That is why the
"London Suppliers' Club" tries to find generally acceptable ways

to go beyond the Treaty when necessary. But it should also be seen
that the safeguards provided under Article III of the Treaty will
not be accepted by nations without the possibilities of Article IV,
which stresses the inalienable right of all the Parties to the
Treaty to develop research, production and use of nuclear energy

for peaceful purposes without discrimination.
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International Co-Operation in the Nuclear Fuel Cycle -

A German View

%
Dr. Werner Boulanger

After e, activitied of any kind in the

nuclear field were prohibited in Geprmany. When the ban was 1ilted

in 1955, the Federal Republic of Germany

ks
or use og nuclear weapons,fithe same time, we began to promote
studies, training and research. We concluded Co-operation
Agreements with the United States of America, Canada, and the
United KingdomC‘ ‘ %‘§ Several
research reactors were bought in the USA and UK and;linkco-

operation with Linder Governments and partly with industry,
nuclear research centres werﬁe founded (Garching, Geesthaodt,
Jiilich, Karlsruhe).

*)
The author expresses his own personal viewa; they must not
necessarily coincide with those of his present of former
employers.
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renounced irrevocably any research for, or any acquisition, possession



The Federal Republic became a founding member of the Buropean

' . . . - o N CO

Atomic Fnergy Community (Euratom). This means that all Jdes nuclear

activities have, since 1 January 41958, been under strict safeguards

implemented by that multinational, supranatlondl authority. It
Fielono 0 Tegpeaslils ¢ f

8lso means thab s has to conclude ‘## international agreements

in the nuclear f{ield elther through or with the concurrence of the

® . “ - y

Burcpean Commission.

The Federnl Hepublic ia also a member of the International Atomic
Energy dgency (IABA), th Treaty on the Non-Proliferation of
vontt ofl |

Nuclear Weapons (NPT), /fg: Agreement concluded between Buratom
" and its Non-Nuclear Weapon States members in execution of

Article III para. 1 and & of NPT (VerifiCation;Agreement). &hp‘Jrf”
belongs to the group of countries represented on the uan&ger

Committee (IAEA document INF/CIRC/209). g;:Mpértlclpateu in the /
discussions of the so»callod "3 uppllers” Within this lebal and political:

RS
frame the Federal Republic of Germany conducts mee international co-

operation in the nuclear ficld. & is gulded therein by the
strict desire to prohibit the spreading of nuclear weapons

capability.

The Federal Republic has concluded several bilateral agreements

for co-operation in the field of nuclear energy. One of these
agreements has been much discussed and also criticized, particularly
in the United States of America. I .shall nevertheless deal with

it briefly in this context, because it gives, in my copinion,
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an comeiiaosmt: ¢ xample for the possibilities of international
co~operaticn in the nuclear field and at the same time'of the

problems encountered.

A basic Agreement on Co-operation’in scientific research and

technological development was comcluded between the Federal

Republic of Germany and Brazil on 9 JLiy 1969. Withln this

framewok, six useparate agreements were concluded between

corresponding German and Eraziliaé organizations in‘the fields

of nuclear energy, scientific research, air-craft and space

research, mathematics and data processing and short time

exchange of scientists. In the field of nuclear energy, two

Summer Courses and nnveral Working Seminars were held. A joint

“study on the development and construction of the fuel cycle

Qnd reactor component industries in ﬁrézil" led to a detailedp

plan for the introduction of nuclear energy for peaceful purposes in B
with increasing participation of Brazilian ipdus%ry. This plan becane

part of the Second National Development Plan. After Brazilian ,

v pbto &&wmmm%«ugﬂ
attempts to contract for the necessary "hardware" in SN,
including guarantees for continuous enriched uranium supply
and reprocessihé.got atuck,A;:;urned to the Federal Republic
of Germany. In the eunsuing negotiations it was made ébsolutely
clear from both sides that the whole COOperat&on was to come under

strict safeguards provisions to be implemented by the IAZA.

The agreement which was signed on 27 June 1975 provides for
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co-operation between ‘scientific and technnlogical research .
. e ;
institutions and enterprises in bnumhub States, which anludes the

prospecting, mining and processing of uranium csses as well as the

Sl g4

of nuclear reactors
and other nuclear e facilities PO e Ty B EL 0 L e g

R .
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uranium enrichment and

u()’p.d\cm»*c..m@u .
PRasiseeiser of fuel elementsland reprocnssxng of irradiated fuels.

The above—mqntioned cowcperation includes the exchange of the
necessary technological information.

.
Instruments regulating details of the co~operation were signed
by the Ministries concerned. In the meantine, joint subsidiaries
were founded by German and Brazilian firms to take up the work

in the different fields.

An agreement was concluded between the International Atomic Energy
Agency, Brazil and the Federal Repu%liowaGMHﬂmmaﬂg for the applicétion
of safeguards to all nuclear activities coming under or evolving

out of the bilateral agréement of 27 June 1975. A new feature of

this Safeguards Agreement which goes beyond requirements of the

NPT and earlier ILAEA safeguards agreements, is that this one also
covers technology transfer. This means that not only "hardware"

such as nuclear ins@al;ations and fissionable material will be
c;ntrolled, but also thé transfer of ”goftware” i."e. of -iriformation

and know how, will tr AJ“CT IAEA safeguards on nuclear waterldl N

produced, processad of used with the helw of such software trans ferred.
L L
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This Safeguards Agreement, which is the tightest ever concluded by

 IAEA, was approved by the Bosard of Governors in Fcbruar§‘1976.

What now will be the benefits for the two States Parties to the

bilateral agreement? For the Federal Republic of Germany it holds

the hope for finding and developing, together with Brazil, new
B ¢
uranium deposits and for in this way contributing to a continuous
COn ¥t
uranium supply. It also means a %@E export volume for nuclear

power stations and components thereof. For the Brazilian side
the agreement means not only being supplied with new sources of
needed electrical energy, but above all acquiring industrial
capacity,to in the end-run constructiug nuclear power installations
of Brazilian origine. It also means an independent, complete
et S : I
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In spite of its international acceptance by the IAEA Board of

7 gny “HE Vo Ko
Governors, the German/ﬁrgzilian agreement continues bedng
under verbal fire from various sides. Some criticize the wholeﬁagreement.
others, seeming to be more knowledgeable, turn against the sale of
an enrichment plant and, foremost, a reprocessing plant. They feel
that it would be dangerous to give a Non-Nuclear Weapon State the
possibility by reprocessing irradiafed nuclear fuel elements to
get into the possession of plutonium which might be used for

~

making nuclear woapons.[Those who hold a different cpinion .ot

o
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Yeaslorea: LbbJ(LLﬂF tnﬁm m&%ﬁn‘ fuLL LS8 of yh@ ocanx fueli

ma tertal-evailEede . /Ihey point to the fact that under the bilateral
and trilateral agreements also'the reprocessing plant and the
nuclear material in it ‘will come under safeguards, as will the
nozzle enrichment <plant which will-Ye designed fqr the production

of low grade enrichment for power reactor fuel.

The short *‘on minutes at my disposal forbid to go into further

details of the pro and con.~

Siemidiomewserrer.. But I should certainly sum ﬁp my point of view
like this: We are fully supporting not oﬁly‘the letter but the
spirit of the Non-¥roliferation Treaty. It has unfortunately
proven not to be quite adequate in every respect. That is why the
main suppliers in this field try to find ynneruﬁmj acceptable
ways to go beyond the Treaty provisions on safeguards when
necessary. But it should also be scen that the safeguards provided
under Article III of the Treaty Qill nqt be accepted by nations
without the possibilities of Article IV, which stresses the
inalienable right of éll the Parties to the Treaty to develop
research, production and use of nuclear energy for peaceful

brimugs me fo_

purposes without discrimination. And thms’&auﬂnmmmmﬁmwdmhﬂﬂgfthe
findl point: To my mind, tHe most effective and at the same time

most realistic way)to make countries which are not yet a party to
the NPT, share-in the giobal task of preventing further proliferation
of nuclear exnlosive devices/is to cooperate with them in the
peaceful utilization of nuclear energy, the benefits of such
cooperation to be safeguarded pre perly, If one does not cooperate

with them, one can hardly expect them to shove in one's own
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responsibility for non-proliferation. One would leave them

alone, both in using nuclear energy and in wtnaking up their

minds on how to prevent the abuse of nuclear energy.



