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CHOICE OF ALTERNATIVE ENERGY

It is a pleasuré for me to participate in this year's
Conferéncé»of the Japan Atomic Industrial Forum. I look
férward to hearing your views about the p?ospectsvfor achieving
the nucleér power prqgfammeg whieh are‘being'implemented-in
& number of céuntries, the problems associated with completing
thosé plans on schedﬁle, the policies that might help furthér
their realiéatiomg and particularly your ideas concerning'the
role that international co-operation canﬁplay. For my part,

I would like to convey to you some of the impressions wé have
gained at the Inbernational énergy Agency concerning the

outlook for developing alternatives to imported oil.

-

-

First I would like to identify some of the important
trends in cénsumptiqn of different forms of energy by the
industrialised éountries prior to 19?33 and show how the
pattern might have evolved to 1985 in the absence of fundaﬁental_
cpanges in international energy markets. Next I shall indicate
some of the possibilities for altering this pattern, giving
special emphasis to the sorts of uncertainty and problems
involved. This will lead to a discussion of some of the
‘policies requir;éd3 and of the contribution which these policies
could make towards reducing import dependence. Finally, I would
like to point out the importance of international co-operation

among consuming countries and the role of the IEA.



Trends in Energy Consumption
Tn the ORCD . »

‘From 1960 to 1972, energy consumption grew at an
average rate of 5 per cent per year, and forecasts made
before October 1973 indicated that growth would continue
at nearly that rate until 1985. TFive per cent growth .
rate means a doubling of energy réquirements every 14 yearsf
It this trend,héd continued a very large effﬁrt would
have been needed to méke‘available the energy needed to
supply'those‘requiremen‘ss° I am not one of those who
believes that the energy reseurces‘in'general will become
exhausted inbthe foreseeable future. We know that the
world possesses very large reserves of coal which can
eventually be made into gas or liquids once low cogﬁ
supplieé of 0il and gas are depleted, and there is a high
probability of explciting solar energy and oé developing
breeder reactors and other new forms of technology whigh
can expand usable energy'alﬁoét indefinitely. Nevertheless
rapid growth in demand would almost certainly have led
to rapidly escalating costs of energy, though not necessarily
as quickly as we‘haQe experienced during the past two
years, In.addition if OPEC iﬁ%ervention had not occured
there eventually would have 5een problems related to the
uneven geographical distribution of energy resources
. throughout the world. These problems can be illustrated by

‘looking at the pattern of energy consumption as it has

evolved over time.



In 1960, 35 per cent of OECD energy consumption con-
sisted of COal,tMO per.cent consisted of 0il, while the
remginder waé accounted for by gas and hydro electricity; with
the contribution of nuclear power being negligible. By 1972,
0il's share had risen to 54 per cent but coal's share had
fallen precipitously to 22 per cent. . Nuclear's share was
still insignificant. Projections made in 1972-73 indicated
that by 1985, oil éénsumption would reach 56 pef cent and
coal consumption only 15 pef cent, but nuclear power would

account for 10 per cent.

The most significant change, however, is for the
share of oil imports in total consumption, which rose from
) "

18 per cent in 1960, to 34 per cent in 1972 and was projected

to reach 45 per cent by 1985.

When we move from the aggregate picture fér the total
OECD, and look at the situations of individuyal Member count-
ries, we find even greater imbalances. In 1972, 18 of thej
2l OECD countries each produced less than 8 per cent of -
their own domestic dilbrequiréments, Only one country,
Canada, was a net exporter, and even it depended on imports
to supply nearly half of its doméstic 0il consumption. .Indeéd
most countries supplied under 25 per cent of their total |
energy reguirements from their own resources. Only in a few
countries did pr?mary energy producéion‘account for 50 per

cent or more of requirements. These countries include:

«



Canada, Australia, United States, Norway, the Netheflands,j
the United.Kingdom and West Germany. Soon West Germany>will
~no longer be in the group. This situation differs markedly
from the past when coal.was dominant and most OECD countries

met their.coal reguirements lavrgely from their own resources.

Before 1973, it was realised that the inereasing
dependence on 0il iﬁports from a relatively small number of
nations involved some risks, and some countries did place
restrictions on oil imports, while others took measures to
iimit the decline of their coal industries., These‘measures
‘were adopted for other reasons as well as the risk of import
'depehdenqe; nevertheless théy probably resulted in tﬂg advance
of 0il occurring more slowly than in their aésence. For the
most part, however, it was evidently'believed that the benefits

of low cost oll exceeded the costs associated with the risks

of import dependence.

The New Energy
Situation

Since the end of 1973, the energy situation has, of
course, been changed radically, and governments have begun to
introduce measures to limit the growth of energy consumption

and to diversify sources of supply.

Even without government encouragement the OPEC price
increases would have led and are in fact leading to some

alterations in the pattern of energy supply and demand



predicted prior to 1974. And indeed some studies made soon
after the 1argeét of those inoreases.predicted'very large
changes. Now, after two years' time to reflect more carefully,

we believe these studies to have been too optimistic.

Oﬁe'change that is still expected to be large is a
reduction in éstimates of economic gfthh over the next 10
years.-'This change ﬁs only partly related to tﬁe increase in
intefnationai oil prices; bﬁt~in any event it is expected to
contribute to substantially less growth in energy consumption
than was previouély anticipated, although fhere may be some
offsetting effect due to increased energy requirements
resulting from the adoption of certain forms of environmental
controls. Any reduétion in o0il import depenéence achiéved
by this route, however, is a somewhat mixed blessing.

Another consequence of OPEC's actions is the realisation-
of significant economies in the use of energy. In 1974, OECD
energy consumption fell -2 per cent below the 1973 level
despite a drop in GDP of only 0.4 per cent. While a portion
of this fall is attributable to the temporary disruption in
0il imports during the first parﬁ of 197&; and to psychological
reactions whicﬁ may have diminiéhed since then, another part
is undoubtedly due to the price increases. And the price
'induced effect is expected to become larger over time as
consumers gradua%ly undertake the investments needed to reduce

their consumption on a longer term basis.



I stress the reduction invthé-growth of energy consump-
tion, although my main topic is "choice of alterna&ive energy",
because it now appears that its contribution towards reducing
dependence on oil imports will be greater than the conﬁributién
made by increasing energy production in the industrialised
countrieé,' In addition, energy savings have some important
advantages whén compared with increaSéd energy production.
Thgy“help to conéer?e the world's energy resources; they have

beneficial environmental effects, and they may be realised

more quickly than production increases.

Energy Supply

Over the very long term there is a large potén@ial
for increasing energy supplies in the industrialised countries,
~ but, nof surprisingly, these increaées cannot be realised
‘ overnight. Lead times are long, and for each form of energy
there are certain obstacles to overcome. These considerations
can be illustrated by looking at the various energy sogrces'

"individually, starting first with 0il and natural gas.

0i1 and Natural Gas

For thé past seven years, oil and gas production in
the traditional producing areas of the United States and
Canada has exceeded new discoveries, and the pressure decline
which occurs as existing reserves become depleted has resulted

in diminishing production. Large discoveries have been made



in frontier areas such as Aléska and the Canadian @rétic,

but very large and costly transportation investments are
needed to bring thé products to market, and it takes a long
time to build the necessary facilities. Not only is the
construction phase time ccnsuﬁingé it is also necessary to
undergo a~§rolonged period prior to ge?ting approval to begin
construction,‘duriﬁg which time it has to be shown that

the environmental effects are tolerable, that adequate
cdmpensatioﬁ is paid to native groups affected by the projecté,
that %ﬁe projects will not have intolerably adverse maéro
economic effects, and that in general the benefits to the
affected societies exceed the costs. Furthermore, because

"~ the tranSportétion costs are very large, the oil or gas
reserves needed to Jjustify building the projécts must ge
correspondingly large. Because of these considerations, the
natural gas discovered in the Canadian Arctic Islands at the
start of the 1970's is not expected to reachbmarkets until

the mid to late 1980°'s.

Further reserves are expected to be found in onshore
and offshore areas of North America closer to markets, but
until they are found we do not know how much is there.
Projections of production for even és shoft a period as
the next 10 years include supplies from reserves which have
not yet been proved up. Naturally, there is considerabie

uncertainty surrounding these.



The large amounts of oil and gas found in the North

Sea will help a great deal towards reducing European oil
imports, and to keeping %hem from exceeding current levels
for 10 years or more. From this year on production increases’
from the North Sea will mére than offset decréases which will
continue to occur in the United States until Alaskan oil
reaches markéé. However, production expansion for oil has
fallen behind schedule due to understandable difficulties

of trying to construct facilities in the North Sea.

Government policies towards oil and gas have evolved
rapidly in‘the past two years making it difficult to sort
out all their'consequences. Tax systems have been modified
in order to bring about an appropriate distribution of the
windfall profits on production in OECD countries resulting
from the generél increase in oil prices. While these changes
‘were under way investors were left uncertain as to profitability
from future production but this uncertainty is lessening now. .

There are controls on prices for oil and gés in some
countries, adopted for'anti~inflationary and other reasons.
Some of these have existed for a long time, but others were
introduced afger 1973. The rate at'whicﬁ and the extent té
which they are removed will have effects on production.

In some cases, rights to explore in certain regions
have been granted more slowly than hoped, partly for environ-
mental. reasons, partly out of concern for economic®and social

dislocation which could accompany rapid development.
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Governments which export oil or gas are subject to
pressures with respect to‘the extent to which exports should
be allowed. There are concerns that unrestricted exports
would lead to later difficulties in;covering future domestic

requirements.

Costs Qf produotion from Canadian tar sands havé
escalated more rapidly than general inflation in the past
yéar5 therébyvdiminishing prospects for rapid development.

In ea?ly 1975 it was necessary for the Canadian goverﬁment2
btagether with two provincial govermments, to provide finéncial
support for the second tar sands plant in order to ensure

that its conétruction continues on schedule. Tar sahnds
production is expected to be about 15 millidn tons anhually

by 1985:

Taking account of these various considerations, but
not assuming éignificant new policy departures, it is estimated
that the increase in OECD oil production between 1974 and
1985 could be about 220 million tons compared wiﬁh total
additional energy requirements of 1830 million tons oil . =
equivalent. Additional gas production could be about 50 Mtoe,
With~incr6a3eé in European, Canadian and Australian gas |
production being partly offset by decreases in the United

States.

An important means of diversifying sources of supply

is to .increase imports of natural gas. The increase in gas



imports to 1985 could be about 150 Mtoe, part coming from the
USSR, and part from OPEC countries.. An unresolved question
concerns the extent to which imports of gas from OPEC countries
are a more reliable source of supply than oil} Gas; however,
has an advantage over oil in that it causes less pollution,

an advantage which is appreciated in this country.

Coa

OECD coal production could iﬂcrease‘by 280 Mtoe
between 1974 aﬁé/1985, with nearly ali of‘the expansion likely
to také place in the United'States3 Canada and Australia.
Prior to 1974 European coal production was expected to decline
because of high costs. It is now anticipated that it will
maintain present levels or increase a little. Costs outside
of Burope are lower than oil prices in ferms of equivalent
energy content, bﬁt there are other obstacles to a greater
expansion. Among these is limited demand. Siﬁce there is
no longer much demand for coal in the residential, commercial.
énd transportation sectors, nor for steam coal in indus@ry,
the available coal will be consumed mainly for electric
generatio& and for coking purposes in the steel industry.
Slower economic growth in the future, however, could reduce
the growth of steel and electricity outputs and thereb& limit
demands for coal. To some extent coal can be used in electric
generation,fo displace o0il and perhaps also as a substitute
for new nuclear blants but difficulties of controlling

pollutién from coal burning plants limit this possibility in

’.



~some regions, and in most areas coal produced elecfricity

is more costly than nuclear.

Oné way to get around the demand constraint associated
with coal is to transform it into liguid or gaseous form but
at present the costs Qf doing so are still too high to lead
to expectations of any substantial progress in this.direction

occcurring before 1985.

Environmental difficulties relating to the production
of coal may also impose some constraint. Furthermore there
are uncertainties arising out of possible construction delays

and transportation bottlenecks.

-

5 -

Hydro and Geothermal

Hydro and gebthermal energy could contribute an
additional 80 Mtoe to OECD production by 1985. .Further inereases
in hydro power are limited by lack of available sites while -
iead times needed to increase geothermal production are long
because fhere are gﬁill some technical and environmental

problems to be solved.

Nuclear Power

I turn now to the much~publicised option of nuclear
power, in which the JAIF has a particular infterest. One of
the most important reasons for the widespread interest in

nuclear power is that it is almost the only promisinhg means
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which many of thé relati&ely energy poor countfies'have for
diversifying their energy supplies. The lack of a domestic
market large enough tovjustify a nuclear plant may preclude
the ﬁéé of this option by some countries but'even Luxembourg -

is planning to build a nuclear power station.

By 1986 the OECD could have 180 gigawatts of nuclear
capacity, and by 19853.QOC gigawatts, and nucleér?s.contribu;
tion to the increase in OECD energy production between 19714
and 1985 could be 444 Mtoe, which is substantially greater
than the_céntribution of anonther single form of energy.
Given the technical complexity and the very large capital
investments associated with nuclear power, increases of theée‘
magnitudes would constitute a major accomplishment. N%verthe—
less these estimates are considerably less than the targets
adopted by governments after the OPEC oil price increase;
indeed they aré lower than projecfions made before 1974.
Furthermore, in order to achieve the 1985 targets the currént'
lead times of 10 years imply that it will be necessary to
establish the necessary sites by the end of 1976, and it. is

not certain that this can be done.

One of éhe most important reésons for reduced nuclear
forecasts has nothing to do with difficulties of building
nuclear plants. It is that the need for nuclear power will
be less because of the expectation that the industrialised
countries will reduce the growth in their energy consumption,

¥

and therefore also the growth in their electricity®*consumption,
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Other factors.iﬁclude'financing difficﬁltigs, and'
licensing and construgtion and commissioning problems. For
ex§mple, the accumulation of the larger volume of capital
required»for financing new nuclear power growth ~‘estiméted‘

already a year ago to be over $250 billion for the OECD area,

' poses problems at a time when ambiﬁiogs investment policies

.

in the energy sector are being hamperedlby Government restric=
tions on aggregate demand to control inflatioﬁ and redress‘
balances of payments. In addition, costs of nuclear power
stations are more sensitive to inflation and interest rates
than the less capital inteﬁgive fossil fuel burning plants.
Although the ea%lier bottlenecks which were experienced in
some countries on the 1icensing?'the construction and the.
commissioning of nuclear installations have now largély
disappeared due to more streamlined regulatory procedures
within national administrations and improved engineering
experience, a new form of regulatory obstacle .is rapidly
becoming consolidated in the shape of public opposition

to the widespread growth of civilian nuclear installations on
fhe grounds of health and safety. You in Japan are already
well familiar.with this phenomenon, so I hardly need dwell

further upon it.

So far I have not mentioned nuclear fuel, since until
now there have been plentiful supplies of it at low cost.
However, there may soon be problems. As a result‘of the

tripling of the price of natural uranium over the last three
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years, and the prospect‘of stéep rises in the‘cost,of
enrichment facilities, which have hitherto been subsidised

by national governments, nuclear fuel costs may not in future
be a negligible component of cost as they have been in the
past. -Fgrthermo%e, present resources of low cost uranium
corréspond to only aboﬁt 13 years ofAﬁorward_requiremenﬁs,
and there are not yet enough enrichment facilities‘under
contract to providé'adequate full supplies ovef the lifetimés

of nuclear plants now being planned.

While these problemslgre serious and will require
ciose atﬁention,;we are confident that nuclear power will
make‘a major contribution towardslincreasing energy sgppliés
in the next ten years, and that by the end of that pe;iod

it will represent a significant proportion of total energy

production in the industrialised countries.

Other sources of

Energy

Other sources of energy, such as solar, wind powér3
wave power, biqmasé coﬁversion, methanol and thermonuclear
fusion have ppoﬁising prospects and much research is being
carried out tolovePCOme technological probiemsg However,
with the possible exception of solar energy, they will not

make a significant contribution over the next decade.



Government Policies

'Putting together the various projections Which‘I have‘
. given you, but mindfui of the uncertainty surrounding them,

we find that, by 1985, OECD's oil import dependence could be
reducea from Zﬁi&iﬁtizﬁff “5‘§§§,§i£§ﬁ§?pec§§§ prior to 1974
to a level of Z# per cent. This is a significant improvement
- but it nevertheless entails a large absolute increase in oil

imports ahove 1974 levels (=

@@=y, and hence could promote a pronounced sellers'

market. Furthefmcres since most of the production increases
are expected to occur in a few, relatively.energy rich,
countries, the majority of the‘industrialised countries will
continue to be dependent on imports for &all, or nearly all,

of. their oil requirements.

A key assumption underlying these projections is that
government policies will continue. There are now some
indications that the application of new, more vigorous, policies
boulé have'lafge beneficial consequences, and I therefore
wish to discuss some of the policy approaches which could be
taken. The policies may be divided into two categories.

The first includes measures to reduce import dependence by .
means of increasing indigenous supplies of energy, and reducing
growth in consumption of energy. In the second category

are policies related to the cansidefaﬁion that the availability

of energy is not' evenly distributed among consuming countries.



I have already mentioned a number of policies which-
are affecting the consumption and production of energy in
the industrialised countries, particularly in the discussion

of 0il and gas.

One of the most impartant options, perhaps the most
important, is to allow domesfic eneréy prices to rise to
international leveié, This will allow market f&rces to have
a fuller role, and will ser§e~to encaufage energy savings
and increases in energy production, both of which lead to
less dependence on a limited number of outside sources of

energy supply.

-

.

Higher prices alone are not sufficient to achieve
thé desired amounts of energy savings. Othér measures to
encourage conservation include minimum requireménts for
insulation in residential and commercial buildings, taxes and
ofher measures to discourage the use of large or powerful
.automobiles which consume large amounfs of gasoline, lower
speed limits on highways, rationalisation of ailrplane flight
scheduless-encouragémeﬁt of public transportation relative
to automobiles, laws requiring abpliance sellers to indicate
to potential buyers the amounts‘bf energy required to operate

their products, publicity campaigns, special economy efforts

within government organisations, and so on.

I indicated earlier some of the environmental and

social reasons why some governments have been reludtant to

3
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permit full scale exploration in certain oll and gas bearing
areas. If these problems could be. resolved in such a way as
to permit more rapid granting of rights to explore, it is

beiiéved that a great deal more production could be achieved.

Since a slowdown in the rate of growth of electricity
consumption is expected to act as a éonstraint on the produc-
tion of both coal aha nuclear power, it is usefﬁl to investi-
gate whether ways can be foﬁnd—to increase electricity's
share in total energy consumption. This option needs to be
appraised very carefully, because some seemingly promising uses
for electricity result in excessively large wastage of
‘potential useful energy. Oné possibility, however, may be to
incréaéé the use Of’electricitybin the transéortation ;ector,
for example in railways and urban travel, particularly in

North America, where electricity is not generally used for

these functions.

. - Efforts should be made to ensure that projects are not
delayed because of financial difficulties. In the case of
nuclear projects, thisjmay involve ensuring that increases in
electricity tariffs do not lag béhind cosf increases, as

they may do in periods of inflation.,

Studies should be made to anticipate bottlenecks
arising out' of shortages of construction and other materials

and measures taken to alleviate difficulties.
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All possible steps should be taken to réso%ve thé
environmental difficulﬁies surrounding new energy projects.
One hélpfui approach is to carry out careful studies of ‘
possible ei&ironmental consequences‘in order to establish
as accurately as possible the extent of conceivable damages.
Success élong these lines gould alleviate inhibitions which
arise for thé very reason that the donsequences are not

well understood.

It is important that the environmental effects of
the production and use of an individual»fofm of energy not
be considered in isolation, for restrictions placed on one
form .of energy will‘necessitate making more use of other
forms, thereby intehsifying the environmental difficuities
associated with thdse, Indeed, environmental policies in
general need to be carefully co-ordinated with overall energy

policies.

Regarding nuclear power in particular, in addition
to measures I have already mentioned, special attention.
needs to be directed tawards solving certain key technical
problems; for example those relating to radioactive waste

disposal and commercial fastbreeders.

These are only a few of the approaches which govern-
ments‘might adopt to reduce their energy import dependence.

If, however, measures along these lines_are vigorously



pursued, it is possible that oil imports by the industrialised
couﬁtries could be reduced by as much as éwto iﬁbmillion
barrels a day below levelS'brojected on the assﬁmption that

" present policies continue, and ovegall‘oil import dependehce

could be veduced to 26 per cent.

'Cpmopefation among cénsuming codntriés can help achieve
thesé'gains, In addition it is necessary, in order to carry
out actions coming under the éeqond category of policies which
I identified eariier, I now turn to discuss the role of

~international co-operation.

International"”
Co-operation

To achieve the results I have mentioned it will be
necessary to have close international co-operation of the
type that Governments can accomplish through the International
Energy.Agency, and I now would like to describe this concept
to you in some detail because the situation in itself is a

new one.

You will remember that before the energy crisis of
1973~74, co-opération among consumers was largely limited to
a general exchange of information. Today, I am happy to report,
we have 18 industrialised countries working closely together
in the International Energy Agency which, as you know, was
conceived at the Energy Conference in Washington in February,

1974,
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The novelty of this organisation is not only the féet
that nearly'alltimportént consumer countries of the Western
world (North America, Western Europe and Japan) agreed to
jdin the Agéncy but that they also agreed to the majority
principle for decisions on implementation.

Mﬁch has been accomplished by-the‘IEA considering the
short time elapsed'éince.the Conference in washington. This
is especially noteworthy}if'we remember that we are deaiing»
with a completely new form of international co-operation in .
a very complex and difficult field, which is continuously

subject to structural shifts and changes.

-

-

What is this new concept all about? First, it is
designed to avoid or at least minimise short-term risks in
energy supply and therefore the agreement itself contains
provisions for an emergency system. If theré is another crisis.
of supply this system will have created a buffer, consisting
of stocks, and available supplies will'be.shared by Member
countries, This will ensure that the burden of a reduction
in consumption will be’equally borne. While the sharing
system does not lead to‘an increased availability of crude
0oil gquantities, it will preventlé situvation in which, in an
emérgency, the world economic system would be severely
Vstrained by the fact that one side of the world must suffer
enormous restrictions in conéumption while the other side

is fully supplied. I am happy to say that the IEA's emergency

&

system is ready for use and therefore an important *weakness

has been corrected.



Second, a very important politiéal aspect of the
Program is the need fér a greater transparency of activities
in the world energy market, with special emphasis on the
mineral oil market. On the one hand there clearly is a
political need to clarify causes and effects on the world's
energy market. On the other hand it,is aiéo clearly in the
interest of governments not to jeopérdise the principle of
competition by alld&ing too much transparency. ‘A balance
must.be found, therefore, which will put at the disposal of
governments of industrialised countries all important data
so as to avoid a possible missuse of special market conditions
while at fthe same time meintaining the principle of free
competition between the various 0il companies. The description
of these problems makes them sound simple. .The soluéion,
however, is immensely difficult because thevdegree of importance
each government attaches to the principle of frée competition
on the one hand and to the transparency of.the market on
tﬁe other, varies considerably. In countries in which a major
portion of the energy market is already regulated, the
importance of the principle of free trade is obviously less
than in countries whéré the pfinciple of free trade still
dominates the energy market, theféby making them more sensitive

to The dangers of too great a transparency.

Despite these difficulties we have today an information
system éﬂ crude oil bricesg production costs and fiﬁished
product costs, and we have been assured by governments that
their data flow is betterlfoday than beforé the Infernational

Energy Agency was created.



Let mebcoﬁqiude my remarks on'international‘COfopefetion
with the most important item: the Long Term Energy Programme
'bof the Agency which will contribute to the conservation of
| energy, to the develcpment of new traditional énergy sources,

and to the intensification of research for new energy.

A Afcer iengthy negotiations, the 18 member countries of
the Ageney agreed to‘such a programme on January 29th and 30th,
1976. While the programme does not, of course, solve all |
probleﬁs, it is a positive starting point for a co~0pefation

in the energy field.

Here are the main points of the Long Term Programme:

A8

- First: Member countries will»eo~operate to achieve
) highefAenergy production in their own area. (Incidently,
»they thereby support the position of OPEC countries, which
have always pointed out that depletable energy such as oil
must be used sparingly, with less flexible energy forms.
ﬁeimg used to cover the basic requirements.) Member countries
have agreed to co-operate on projects, i.e. eStablishing~new
energy reserves, like the Canadian tar-sands or American oil-
shale. Procedures have already beeneestablished which regulate

the general basis for co-operation in this direction.

- The Agency's Member countries have also agreed that
investments in energy within their own areas must benefit
from & minimum protection. This can be achieved by not selling

=]

crude 0il below the basic price of $7.00/bbl (the present
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mérket price of crude is around $11.51). This pa%nt was
discussed*with'pafticalar intensity because it implies a
divergency from the free market competition principle. - i

see it, howéver3 as an insurance agginst a repetition of a
situation, within free market competition5 which would

contain ﬁhe potential fqr a sefious wprld-wide'economy crisis -
a danger with which the world just cannot live. And I must
stress that it will be very dangerous for the industrialised
countries theﬁselves to create another situation in which .
prices would be unstable and drop, just to enjoy a short-

term price advantage.

 The second main element of the Long Term Programme is

nsified development of energy research. 'Although‘

=
=
<t
)

immediate results cannot be expected, it is important that
we begin to develop new technologies today, so that they may
be marketable by the end of this century; Both OPEC and the
Club of Rome have issued serious warnings on the possible
?epleti@n of the world's raw materials, and partiéularly of
energy reserves. A joint effort is necessary to}avoid this
danger. The research ﬁTOgﬁammeg developed by the Agency,

is therefore more oriented towards new téchnologies than it
is towards nuélear energy on whibh research had mainly con-

centrated until now.

A third point is the conservation of energy which -
leads us to the need to give thought to our energy consumption

habits, not purely in terms of short-term savings but primarily;



*in relation to a much more rational structure of ang-term'
consumption ﬁhaﬁ we have at the moment. The programme,
therefore, has so far given priority to concrete conservation_
| targets for 1975, '76 and '77. For the future the task will
be to go into much more detail and to offer practical
technicalhéuggeStions to all industrial,. transportation and"
housghold usefs which will ensure more economy in consumption

in terms of the national economy.

‘Last‘but not least is a particularly important.point
in the Programme - the so-called gquestion of access. Agency
Member countries are reguired to develop a system in which
the freedom of energy trade can’be better guaranteed than
it is now. For what is the use of all the pbsitive eiements
in the Programme if the countries of the Agency that have
plenty of energy - in particular Canada, the United States,

" Great Britain and Norway - close their frontiers in a critical
situation and only allow energy exports in such quantity as
suits their unrestricted freedom to determine their own policy?
Countries with meagre energy resources - in partiéular Japan
but also most European'countries - obviously could not accept
such a development, for they would be contributing to the
burdens of thé Programme without reéeiviﬁg anything in retﬁrn
-in a really difficult situation. Of course, this subject
impinges on the very thorny area of natiohal sovereignty. In
considering the §ubjectﬁ it is of course not possible to alter
the realities of-this world from one day to the next, but

what has been achieved is that all the Agency countries -
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excluding Canada, for very specific reasons - have committed
themselves to a policy which will lead to a step-by-step
opening up of the markets and to the removal of obstacles

-

to trade.
From what I have just told you, I think it is fair to
say that international co-operation through the International

Energy Agency 1s off to a good start.

Conclusion

In conclusion, let me 'say a few words about the
economists’ theory of exhaustible resources, according to
which the optimal solution t0 the problem of choice of alternative
energy is to use the lowest cost resources first, then the
next lowest cosi‘formsg and so on, wi%h the highest cost sources
being left until last. If costly resources are resorted to
before the cheap supplies are used up, society ﬁust direct -into
energy production resources which could be invested elsewhere
sbqner(thaﬂ otherwise would be the case, thereby sacrificing the
real returns that could, be achieved in the interim. To ensure
that consumers actually use resources in the apprOp?iate
seqguence the theory reqguires that prices correspond to real
costs of production. It also requires that there be free trade
ié energy to §efmit all nations to héve access tQ the lowest

cost energy before having to shift to more costly sources.,
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Unfortﬂﬂately, the real world is not like this. Prices
have been set above costs. Nations place restrictions on
energy exports and impértss thereby forcing the resort to
higﬁer cost energy sooner than othe:Wise and requiring diversion
of pfoductive resources from elsewhere. Furthermore, the
danger thét trade intefference can be used for political

purposes obliges countries to limit their dependence on imports.

And so we must try to do the best we can within the
existing situation, taking account of all the constraints.
The approach which I have emphasised so far is to search
for ways of protecting ourselves from dangers relating to
potential interference with trade, for examblea to ecqnomisé

A

on the use of energy, to increase indigenous supplies and to

o

of a continuing flow of supplies.

However, since - I have already given enough empbasis'
to this approach I wish to conclude by éuggesting that it is
equally important to continue, and indeed to increase, efforts
taken at the same time:along a different route, namely of
trying to find ﬁéys to achieve a better relationship between
prices and cos‘;:S5 and ways to bring ébcut gfeater trust
between trading partners, thereby encouraging freer and more
secure iﬂterpational movements in enengy. Participating
countries within_the IEA are trying to move in this direction

with respect to energy in the IEA area. I hope it will be
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possible to make progress along these lines with other

countries as well.
Thank you for inviting me here today and I hope that

my remarks have been helpful in clarifying a highly complex

subjéct.

=== 000 0 Q00O =-=--
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THE NUCLFAR CHALLENGE 1976 -

I am deeply honored by this invitation from our
long-time friends and historic partners in the deVvelopment
of the peaceful uses of atomic energy. This mutual quest
of ours represents the most benevolent instincts of mankind
in that it secks to channel the vast power of an energy
source which nature has given us--the atom--to serve the
interests of all the peoples of the world. And it also
challenges us Lo reap its bkenefits without being injured
by its potential dangers, to taste its sweet' iﬁner fruit,
if you will, without being stung by the barbé"%hat surround
it. It is well established in the world that the Japanese
people have brought to the very highest ievel of excellence
the subtle art éf living in harmony with naturs. 7Thus
we in the United States look to vyolu, our loﬁg~£ime friends
and partners to help us to learn how we all may better
live in harmony with this gift of nature--~the awvesome

power of the atom.



Our partnership in this venture is ipdeeé histoeric
and of long standing. In 1955, now more ﬁhan 20 yvears
ago, our nations signed our first agreement of. cooperation
in atomic energy, the first of many agreements which were
to follow. In the ensuing 20 years, there has been much
exchange of information, of effort, of materials...and of
people in pursuit of this éuest. My organization, the
U.S. Energy Research and Development Administration, and its
predecessor, the U.S.’Atomic Energy Commission, have received
more than 3,500 official visitors from 5apan in £hose 20

vears, and we also had more than 800 Japanese assignees

actually working in cur facilities during the same period.

Truly, the roots of our friendship and partnecrship grow

%

very deoep.

§
Like vou, we see an urgent need to proceed with the

. development of this gift of nature. Indecod, we regavd it

as a matter cf rational gsurvival. When the éomgueés of

the United States created ERDA over a ycar ago, .it directed
us to develop a plan, or strategy of research and development
that would hopefully relieve our dangerous dependence on
unreliable gdurces of imported petroleum and assure our
Nation of a plentiful supply of energy for our futurc

generations.



We delivered such a plan to Congress last June 320th
after giving much thought and analysis té our present
situat%on and to the various options we’ééw,open to us.

In _the plan, we arrived at a number ofViéy conclusions:
First, it was clear that we as a Nation are overly depe%dent
on petroleum and natural gas, a rapidly declining energy
resourcae, and that we must shift as expeditiously as
possible to alternate, more plentiful fuels--in our case,
mainly coal and uranium, both of which we have in pléﬁtiful
supply. It was clear to us also that we have té begin
working now to develop the longer term energy technologies--
fusion, the breeder and solar-clectric-~if we are to have

them available a generation hence when wé think we will

.
* -

need them.

5
Perhaps our most important conclusion, however, was

the realization thal no single onergy technology, no single
fuel resource, could meet owr long-torm requifgwonfg. Ve
cannot satisfy ouvr energy neoeds with just c?al or just
nuclear or just cdnservation or just sclar or even a

combinatign of just a few of them. We have computer

simulations to prove that.
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Thus, we must pursuc all the techneologies, for only a
combination of all has a chance of Satigfying OUr onoroy
recquirements. It ds this thore Lhat lics 'atvtbf;z VoY
heart of cur ploen. .

The obwvious derivative of this theme with regard to
nuclear power is thsl we niwst move ahecad aggressively with
its development. As a matter of fact, we welcome such a
conclusion because we regard nuclear as one of the most
attractive and promising sources of encergy. It is, after
all, environmentally clean, cconomical, already in an
advaﬁced stage of development and plentiful--particularly
with the prospect of the breod:r cowing along later. And

it meshes beautifully with the rest of our energy plan.

.

22t me explain:

€
In the United States, some 40 percent of our enerqgy
consurption goes to the industrial sccltor, vhote primony

enorgy reaguarernent io Mpocooss nenlU--Liont vged to ool

+

E}

soften, cook or cure materialc to e fabricaled. VWe bheliave
that at least for many vears to come, we can best meet this
process hcat requirement thraugh tﬁ@ digéct combustion of
coal, particularly through {luidized bed combustion. We

also need our coal resources to supply our proposed synthetic

fuel industry which we hope will be able to provide us with

ligquid and gascous substitutes for petroleum and natural gas.



These two applications--process heat and synthetic fuel--
together can consume several times the current capacity

" of our coal industry. And it is to these applications

that we think our coal ought to go. Thus we are left
with the need for another major energy Source‘te supply
increments in our electrical capacity, which we know we
will need. HNuclear powver is, of course, ideally suited
to £ill that need. ’

It therefore makes sense for us to make a firm
commitment, as a matter of naltional policy, to the
accelerated development of our nuclear?power caéabilityQ
HWe have done that, as only a cursory glance at our nuclear
related budget clearly indicates. Let me quote a few figures:

.

In the Fiscal Year 1977 budget we just proposed to

Congress, we have requested $304.5 million fog fusion powver
, §
research and development, up from $223.8 million a vear ago.
For fission power reactor development, we have asked for
$684,2 million, up more than $160 million f;om,$521,7
million a year ago. Our nuclear fuel cycle funds request
néarly tripled to $147.1 million from SSg.l miliion a year
ago. The nuclear materials security and safeguards request
nearly dou%ied to 527.3 mil;ion from $14.7 million a vear

ago, and our waste management request jumped 400 percent to

$62.8 million from just $12.2 million a yvear earlier.



Overall, our proposed budqet'for nuclear development in
the coming year is approximately $1.295”biliion, up 42.4
percent from a yvear earlier. 2aAnd it aléb'r¢presents 53.6
percent of our total proposed budget for direct enerqgy
research, development and demonstrations. I think those
figures offer dramatic testimony to our commitment to the
furtherance of nuclear power in the United States.

Our commitment, however, extends beyond our shores.
We are equally committed to international cooperation in
atomic energy, and to shouldering @ur“reépo&sib}lities in
providing necessary materials and assistance to our friends.
Just about one month ago, U.S. Secrctary of State Henry

-

Kissinger testified before a committee of the Congress

-

Al
.

about our international intentions:
-
"Our policy of sharing the peaceful benefits of nuclear
energy with others.," he said, "has been the key factor in

the development of an unprecedonted netvork of international

4
¢

agreciments, arvangeoments and inctitutions which have, Lo an

encouraging degree, enabled us to avoid the unrestrained

"

proliferation of nuclear weapons...



"In foreign policy terms, however, the benefits of

U.S. nuclear cooperation, in which cur enrichment supply

capability has been a keoy ingredient, go bevond even the

érucial issue of advancing ocur ﬁon~proliieration chiectives...
ﬁut of the energy crisis has emergced an enhanced understanding
;of the benefits--in fact, the absolute necessity--of
interdependence if we are.to avold the stultifving effects

of dictated prices and insecurity of energy suppliés on

our economié health and our political well-being...Thus

the United States is serving its own interests Ey creating

a framework whiéh will enable 1t to return to the internaticnal

B

cenvichment services mavketl, offering such services abroad

under comparable terms and conditions to those available

to domestic customers."” {Unguote)

%
I should add by wav of explanation that this tgstimony

was in connecction with a legislative proposal to the
Congroess by President Ford to assure the Un;tqd States!
capablility of supplyingénot only all of our domestic
enrichment needs but also those of our customers abroad.

We are confident that the Congress will respond favorably

to this clear and urgent need.



At the same time, we reéognize that many other equally
urgent matters also call for our attentién aé well as the
attention of other nuclear nations. . There are those
"barbs" or problems I mentioned earlier. In-fbe United
Statcs, for example, we still--even after some 30 years of
operation of an ultra-safe nuclear power industry--have
a continuing problem of public acceptance of nuclear power,
In a number of our states right now, notably California,
smaall but vocal groups are agitating for moratoriums on
the construction of nuclear plants or, in other cases,
are sinmply expressing grave concerng about the safety of
nucleur power or its ellccis on the environment.

This public concern is a problem, and we must deal
with it. Since in many cases, the sources éf}éohcern are
based on emotional fears or uninformed asserﬁgons, ouf
initial responsze 1s sinmply the dissemination of the facts
abovt pucleor power. This alone can clenr up much of Lthe

misunderstanding. Dut our bacic strategy is founded on o
much more potent and inarguable stance--a steady and growing

w5

record of responsible action and performance.



Our performance can spealk louder than even the stroncest
words of advocacy or protest. Tt will overvhelm even theo
loudest din.

Interectingly, in this regaraf ve have somc critics
from vithin owr: own nuclear industyry who gay ithat we in
government have not responded adeauately Lo nuclear critics,
that we’ﬁavc not taken a éufficiently strong position of
advocacy, that the split of the old AEC into our two
organizations has eliminated a focal point for nuclear
advocacy within the Federal governmenﬁ. We believe, on the
other hand, that we have a far better approach than merely

-

ca verbel advocacy, convincing only o our friends. If the

* -

obicctive of advocacy is to influence, then our policy of

through responsible performance will surely
%

guiet advocaoy

win the davy.
What do I mean by poricrrnancey  ITU dis the svm of many
actiong gpanning thoe ecnlire opoosbvom of vucloar activiiy,

B

It ceonsists in part of the past vecord of our conmared

ol

ot

nuclear pover industry--not a single fatality associated

with the operation of a commercial nuclear power reactor

in the entire 30 vear history of the industry.



This is unprecedented in the history of Americun industry,
or perhaps any industry in the world.
Performance also includes our cqually wnsullicd

®

recordzjh the arca ol nucleur material safcqgunrds oa0
sccurity.  While the COVHL L 0 Wa R anvkls o of thooin ol
nucleour materials by terrorists, criwinals or other
mal%yolent beings, the record shows that it has never
happ@ned in the history of the industry--not so much as
an ounce. .

The creation by Congress of ERDA and our sister

organization, the Nuclear Regulatory Commiscion, also

i

contributes to thut sum of responsible porformance

By separating the requlatory and developmental responsibilitio

W

°

of our old Atomic Energy Commission, we said Lo our public,
in effect, that now there is no conflict of interest, that

cach Lgency is now free o act regponsibly in itg soparato

fsgigned wission. At leoct vith rogerd te Cuch past

poteptial conllich, we arco Blw o line Cuesarts wilfe, Gl

Suspicicp. That too isg responsible performance.
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Our responsible performance, however, does nol consist
nerely of past deeds. In fact, we helieve that the past,
as always, is proloomce. |
; The respornciblae future course, as we gee 1t, isg not
to issue blenlet doninls of the critios! chigigns, ot
;to address thelr concérmg head-on and dezal with thom. Ve
can, and should, demonstrate our capacity Lo solvg what
problems exist.

We know, for example, that people are worried about
the disposal of high~levél radioéctive‘waste. But this
is not an insurmountable probklem. We have technology at
hand--a nunber of different technological approaches in
fact--which can adequately deal with this problem. In
the very near future, ERDA expoects Lo presont f@ the Congross

§
a firm program for the disposal of radicactive wastes. We

will e demeonstrating our capability for resvonsil
And thal will e only the ritort.  In our proepoosed budoon

’

i T )

I montioned carlier, woe have soequestod $02.0 million for
continued work on waste management, up 400 percent from

the $£12.2 cxpenditurce of a year carlier. That too is

recponsible action.
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We know fhat despite our peffect record in the areos
of nuclear materials safeooguards and security, pezople still
are wvorried ckhout the threat of terrcristé and otliers.

We can build on that record Loo, Toﬂﬁy~~riqht‘now~wwm
are constantly revising and upgrading cux safeguavd and
security technigues anrd cquipment. 1 belicve that I con
say with confidence that our current. system employs the
very latest éecurity technology and that we will continue
to introduce new technological advancements just as soon
as they become available. T mentioned earlier tﬁat our

expenditure in this

"
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budget. This teoo is responaible accotion.

In mentioning these expenditures, heécvgr,hi would
not wish to iwply thet thegse monics reproesont thoe ontico

: %
effort to address these problems. In the last 20 vears or
gso,nucleay technelony hos boeorwe diffueed omong mony
rﬁaificnvs ol the verld,  fnd thoco wiidions ore o Longnes
noophytes in ité agpligations cud eubildoLdioes, Yaonr
technological capabilities have matured so that they, too, are
“

now able to make significant contributions at the very

forefront of nuclezr technoloyuy.



The problems associated with nuclear technology, the

barbs surrounding the fruit, are common to all nuclear nations.

y o

Thus we have a commonality of purpose which supersedes even

x

competitive considerations. We all can benefit from finding
the solutions to these problems, and we all have the
capability and expertise to contribute to the scolutions.

In the United States, we a;e committed to the pursuit of
this gquest, to the solution df its associated problems,

and to a policy of full cooperation with our nuclear
partners around the world in finding tﬂose solutéons.

We believe that in working harmoniously with our partners,

we may together achieve that much desired goal of harmony

%
-

with nature.

Thank vou.
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ENERGY STRATEGIES AND THE CASE OF NUCLEAR POWER¥# gg;

by
Wolf HEfele
International Institute for Applied Systems Analysis

Laxenburg, Austria

INTRODUCTION

In the second half of the sixties electricity generation
by nuclear power stations became competitive with conventional
power stations. An order boom followed. In Japan, the U.S.,

the F.R.G. and other countries this led to a commercially signi-

ficant production of nuclear electricity. This commercial

2

ompetitiveness was much in line with a more general wish to

&

trive for technological innovation.

Yet the necessity to provide an energy production cap-
ability in view of the limited and vulnerable supply of cheap
0il and gas was not necessarily the same thing. While this
need was recognizable as an ever increasing problem already in
the early sixties it became fully apparent to a wider public
only in 1973. Today it is clearly this adequate supply of energy
which establishes the scope for energy strategies. TFor the con-
sideration of energy strategies it is fundamental to identify
their time horizon; here it must be observed that there appear

to be three time phases of the energy problem (Figure 1).

*Invited paper, Ninth Annual Conference of the Japan
Atomic Industrial Forum, Tokyo, March 10-12, 1976.



TIME PERIOD CHARACTERISTICS OPTIONS
1960 — 1973 —~  CHEAP OIL, GAS - OiL, GAS
(YESTERDAY) —  LOW CAPITAL COSTS —  (OLD)y COAL
~  WIDE TRANSPORTATION OF OIL
1973 — 19907 —  EXPENSIVE FUEL ~  OlL, GAS
(TODAY) ~  ENERGY CONSERVATICGN —  NUCLEAR ELECTRICITY

—~  ENHANCED (OLD) COAL

1990 - ? —~  CHEAP FUEL - NUCLEAR
(TOMORROW) - SIGNIFICANT CAPITAL COSTS - (NEW) COAL
—~  TRANSPORTATION AND STORAGE | - {SOLARY)

OF SECONDARY ENERGY

Figure 1. Three Time Phases for Energy

Since the early sixties we have been in the phase of

cheap and at the same time versatile fossil fuels. Remarkably
enough, these cheap fossil fuels also allowed for low capital
costs. Advancements iﬂ tanker ship technology as well as the
installation of oil pipelines made world wide transportation of
cheap oil possible without adding significantly to the fuel
costs. In the industrialized countries this led to cheap energy
and in turn to an energy intensive economic infrastructure that
freed capital and labor for additional and expensive purposes:
we all experienced high economic growth rates, the most striking
example being Japan.

| Now fossil fuels have become expensive, one reason being

the physical limitation of a miracle of nature: the oil sources



of the Middle East. The other reason is the worldwide political
confrontation of the developing countries with the industrialized
world. Any technological strategy to meet these challenges takes
time, however. The second phase of the energy problem is there-
fore characterized by expensive fuel and the necessity of energy
conservation. Traditional coal production will be enhanced and
nuclear electricity will be given the largest possible share as
these technologies are available today., If fhe industrialized
‘nations are encouraged enough to prepafe and launch long range
technological programs this will have to be done in the second
phase.

In the medium and long range future there are several
options for a practically unlimited supply of energy: the fast
breeder, solar power, coal within certain limits, possibly fusion
and also geothermal energy. They all are capital intensive.

One of these options, or more probably a combination thereof,
will characterize the thixd time phase. In view of the then |
fundamentally and radically different natures of primary and
secondary energy energy storage will become an integral part
of modern energy systems, probably in line with the related
energy transportation. The.fundamental constraint for related

energy strategies will probably be the availability of capital,'

GROWTH OF NUCLEAR POWER

Latest figures for electricity generating costs are given
in Table 1. Referring to the F.R.G. in January 1976, they are

typical of the beginning of the second phase of the energy



Table 1. Electricity Production, Cost Components in U.S.mills*/
kWwh for New Plants (Load Factor 7000 h/a)

NUCLEAR
LIGNITE | HARDCOAL | OIL/GAS (LWR)
FUEL
INCLUDING 6.8 23.2 19.2 7.2
FUEL CYCLE
OPERATION .
AND 2 2.8 1.2 2.4
MAINTENANCE
- CAPITAL 5 i 4
COST 9.6 6.k 6.4 14,
TOTAL 18.4 32,4 26.8 24.0

SQURCE: DATA PUBLISHED BY GERMAN UTILITY (RWE)
JANUARY 1276 v

# 1% A 2.5DM

problem. Electricity from lignite is unbeatable but nuclear
electricity is close. The capital cost component is shown to be
high and the fuel costs are low inspite of the fuel cycle
services that have lately become so expensive. At the same time
one may note the high fuel costs of coal as well as its capital
costs which reflect environmental abatement measures.

Table 2 shows figures of a recent OECD nuclear power growth
estimate [1]. Accordingly, in the early nineties Japan can ex-
pect roughly 100GW{e) of nuclear power and the U.S. 500GW (e) ,
while a low OECD total would be at 1TW({e). For comparison one
should remember that the world total of electric power today is
only at roughly 2TW(e). This, therefore, indeed reflects a

worldwide expected technological development.



Table 3.

Table 2. OECD Nuclear Power Growth Estimate

[GW (e) ]
1976 1980 1990 2000
JAPAN g 17 at 157
F.R.G. 7 18 77 134
u.s. 48 82 385 1000
OECD (HIGH) 87 183 B89 2089
OECD (LOW) 86 171 773 1685
WORLD (HIGH) | 88 192 1003 2489
WORLD (LOW) 87 179 874 2005
SOURCE: R.E. CRAWFORD, W. HAUSSERMANN
OECD/NEA, NOVEMBER 1975,
OECD Nuclear Fuel Cycle Estimates
(Low Estimate, without Pu Recycling)
1976 1980 1990 2000
POWER CAPACITY [GWe) 86 171 773 1685
ORE REQUIREMENT ANNUAL 19 45 124 202
[10° t U]  CUMULATIVE 36 171 1023 2718
SEPARATIVE WORK ANNUAL 12 27 85 148
110 s.w.ul
LWR_FUEL FABRICATION
(103t H.M.] ANNUAT, 2.6 5.9 20 35
LWR FUEL REPROCESSING
3 ANNUAL 1.2 3.3 14 31
1
LLO7E B.-Mod cpyyprarrve 2.1 | 10.7 | 102.3 | 377.3
FPISSILE PU AVAILABILITY
(e pul  ANNUAL g 18 8l 190
CUMUTATIVE 14 79 51U 2374

SOURCE: R.E. CRAWFORD,

W, HAUSSERMANN
OECD/NEA, NOVEMBER 1975




The nuclear community is only gradually learning to en-
visage not only the nuclear power stations but also the related
fuel cycle and in particular its hot tail end. Table 3 gives
data from OECD nuclear fuel cycle estimates that are consistent
with the low OECD estimate of Table 2 and with the case of no
Pu recycle. Cumulated LWR fuel reprocessing regquirements build
up from about 2 O00t. in 1976 to aboutVBOO 000t in the late nineties.
A comparison with the figures for fresh uranium demand indicates
‘a time delay of about 15 years, the time to build a nuclear power
station, to burn up the first coie and to wait for reprocessing.
‘This time delay to some extent explains why the nuclear community
only now cones to fully envisage the problems of the hot tail of
the fuel cycle. What the nuclear community has to envisage too
is the fact that itlis these amounts of irradiated fuel which
frighten a scientific and more general public. Such‘concerns
are further highlighted by the amounts of plutonium so available.
Table 2 indicates an OECD cumulative total of 1 000t of fissile
Plutonium to be available in the mid-nineties. Fears are so
extreme that reasonable people maintain that plutonium makes the

difference between good and evil.

TIGHTNESS OF A LARGE COMMERCIAL FUEL CYCLE

The most pressing problems of the hot end of the fuel
cycle are with the reprocessing facilities. Here we leave aside
the chemical engineering problems of radiation damages to the
TBP leading to DBP and MBP as well as similar problems. Signi-

ficant as they are,they can be solved if chemical engineering



tests and related developments are pursued at a large enough
scale. It should be realized that this reguires adequate amounts
of highly irradiated LWR fuel elements and that these have been
available only since recently. What is necessary is to have and
operate a few prototype facilities to develop and test dissolving
and processing engineering schemes that deal with technologically
significant amounts of highly irradiated LWR fuel elements, per-
haps above 30 000 Mwd/t. One shogld recall that there were~-
and still are--several such facilities that tested the dissolution
and processing of fuel elements with low and medium burnups of

up to 12 000 MWd/t (e.g. Hanford, NFS, Winfrith, La Hague, Mol).
The above guoted chemical engineering problems turned up unex-
pectedly when burnups higher than 12 000 MWd/t and up to

35 000 MwWd/t had to be reprocessed. Such a few reprocessing
facilities for the developnent and testing of modern chemical
engineering schemes would assume a function that relates to
Dresden, Yankee and Indianpoint in the development of LWR's in
the U.S., and Gundremmingen and Cbrigheim in the LWR development
inthe F.R.G. To some extent the WAX facility of Karlsruhe ful-
fills this function inthe F.R.G.and the PNC* fuel reprocessing
plant in Tokai Mura is expected to play that role in Japan.

As mentioned above, the line of reasoning of this paper
assumes that this problem can be taken care of. But there are
still others. On the technological side there are problems of
tightness: What retention factors have to be installed under
nprmal operating conditions? What is the reguired tightness in
design basis accidents for such forthcoming reprocessing facili-

tieg?

*Power Reactor and Nuclear Fuel Developing Corporation



‘Let us look at a few figures. The emrix e plant of Mol
(Belgium) was permitted to release 4°10'8 Ci/séc of Pu or 1.2 Ci/
year [2]. The fuel throughput was at 100 t/year. In case of the
WAK of Karlsruhe only a few mCi/year were released but the through-
put was smaller than that of Mol by at least one order of magni-
tude. At Hanford (U.XK.) a total of 5.3mCi of a-emitters were
released in 1972 together with the effluents of the "200 areas"
where the reprocessing and waste treatment facilities were locatedz:ij
) The important point here is the fact that such releases are
streams of a~emittefs per time. If the streams become limited
by regulation one has to anticipate a possibly small but steady
buildup of a-emitters in the environment, In view of their very
long half life this can, in principle, become a significant
buildup. This raises two questions:
a) What are the pathways for the various isotopes in a
given environment and are there accumulating mechanisms?
b) What are the reference time periods for the continuous
buildup of radioisotopes in the environment when re-
gulations for the facility effluents of o-emitters are
conceived?
The first question is of a strictly technological nature. Much
work needs to be done in this area. But it can be done; cumber-
some as it might be, it is an ultimately straightforward task.
This is not so with the second question. Is a time period of
fifty years sufficient or will only a hundred years do? What
happens after such a reference time period if nuclear power

then is still a necessity? Needless to say that this question



not only refers to a-emitters. A perhaps even more striking

case is that of 1129

having a half life of 17 million years.
Todine does enter the biosphere. Estimates show that within a
10km radius around & 1500t/year reprocessing plant a relative

Ilzg-buildup of l,6°10wg per veayr takes place [#], assuming a

3

retention factor of 10~ which is consistent with today's techno-

logy. K&nig believes that not more than a fraction of l.6°lo~3

of I129

should be in the thyroid [51. Arithmetically this would
lead to a permissible time period of only 10 vears, ‘assuming,
however, that a given individual lives in the neighborhood of
the reprocessing plant throughout that period.

It is hard to give a conclusive and straightforward answer
to such questions. Let us therefore put the guestion of permissible
effiuents of a-emitters differently: What retention factors are
technclogically feasible? To this end it is important to reflect
on the transuranium activitiy of spent ILWR fuel one to three vears
after shutdown. Table 4 gives wvalues for such activities per
103t of spent LWR fuel. Practical experlience at Oak Ridge [6]
has shown that air waste streams contain about 10mg of aerosols

3 . L . . .
per m~ of alr. Such aercsols also come from chemical dissolution

processeé of the spent fuel. Assuming air ventilations of 10° wd
per 10t of dissolving fuel one gets an inherent, anyway existing,
retention factor of 107° to 107° for the actinides involved. It

is then possible to apply absolute filters or combinations thereof.
Additiocnal retention factors of l@g to 165 are then technolégically

feasible. To maintain such filter factors for all conditions of

the day by day operation of a reprocessing facility requires not
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Table 4. Transuranium Activity of lO3t of Spent LWR Fuel* (H.M.)
(1-3 Years after Shutdown, in Curies).

Pu238 8.2 - 10°
239 3.3 - 10°

240 3.3 - 10°

241 1 . 208
Am201 5 . 10°
243 2 - 10"
Cm242 2 +30 - 10°
241 3 - 10°
@gicgﬁgzgzﬁi 1.3 - 107

*WITHOUT Pu RECYCLING
' SOURCE: SYSTEC, DUSSELDORF, 1975

only absolute filters as such but also a mode of operation where
all other maintenance and repair steps are consistent with the
high filter factors. This might be more cumbersome than expensive;

yvet it can be done. We therefore arrive at overall retention

-10

factors in the order of 10 which today must be considered as tech~

nologically feasible. What does such a retention factor imply?

As shown above, something like 300 000t of spent LWR fuel is expected

to have passed reprocessing in the late nineties. Per 103t of

39

such fuel we get about 3,3-105 Curies of Pu2 according to

Table 4. The total is therefore 108 Curie. Applying a retention

10 e get 1072 curie of Pu>® or the equivalent of

factor of 10
a fraction of one gram. This is obviously acceptable in view

of the fact that it represents the OECD total. For comparison
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one Should recall that all the weapon tests of the fifties and
sixties released a total of 5 to 10t of Pu to the global atmosphere.
This result requires an inteﬁp:etation:
a) We are dealing with orders of magnitude considerations
and not with exact figures.
b) Not only Pu239 and reprocessing facilities must be
taken into account. All fuel cycle facilities must be
considered.
¢) By the year 2015 or so the total of reprocessed LWR fuel
is expected to be higher by a factor of 10 or so.
Accordingly, a fraction of 10g of Pu would be released.
d) We have studied the technological feasibility of
retention factors of 10 *C, To be consistent with such
a high retention factor under all practical operating
conditions reguires indeed a very high degree of meti-~
cunlousness.
Let us come back to the consideration of the reference time periods.

The above given orders of magnitude clearly show that we are on

the safe side if retention factors of 10“10 are installed. In

n

this case one buys time, learning can take place, experience can
accumulate. Let us now consider the fuel cvcle as a whole. At
the International Institute for Applied Systems Anaiysis
R.Avenhaus, W.H&fele and P.McGrath considered the large scale
deployment of a nuclear fuel cycle for 3600GW(th) [#4]1. The

scenario considered fast breeders and high temperature reactors

[oN

only. If we are interested in order of magnitude considerations

only this is equally significant for 3600GW(th) of LWR. One



may reldte this to 1TW(e} of LWR capacity, which fits nicely
with the OECD LWR estimates fb: the mid-nineties as mentioned.
The intent of the IIASA study was a broader one. We wanted to
understand:
a) the order of magnitude of the total impact of deploying
such a fuel cvcle:;
b) the priorities in which attention must be given to the
various parts of the fuel cycle;
c) the kinds of regulatory decisions involved.
Basically we considered expectation values for dose rates. By
expectation values we imply their mathematical meaning: Linear

average of high and low values and over time. Figure 2 explains

the procedure. Two types of dose rates were considered: the
r

-

L re
vear

=

dose rate for an individual in

} and the dose rate for a

HNORMAL OPERATIONAL LOSSES
DOSE RATES= (EMISSION) - (METEOROLOGY/POPULATION) - BIOLOGY

. §

B = (:: ) S
mrem F Ci gg@c {?mem/year}
i 5 ., 3
;yaar ésecé | ém Ci/m
BM = O o *gd?as{réaf(r) . €.1073
Tmanrem | e ? fylzé . [sect [man] rem/year]
year j | sec L Ln@ _} Kkm? Ci/m°
ACCIDENTATL LOSSES, SUBSTITUTION
e a . o | C:CURIES RELEASED
N  35-107 AT ONCE
oy | d:EXPOSURE TIME
el [Ci} | (sec)
| sec | .
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D
n

Figure 2. Dose Ra
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population in [E§§§§§] .  Such dose rates are obtained by
multiplying the emission in guestion by a typical meteorology
factor and ICRP values for the biological/health impact. In
view of the broad purposes of the study we kept a high level

of aggregation or simplification; the idea was to get an over-
view. Table 5 then gives results for typical normal operating
losses for 3600CGW(th). Consistently with the above observations
on the rigorous meaning of expectation values we evaluated the
“ratios of these dose rates to the anyway existing natural
radiation dose rates. Only values larger than 10“3 are shown
in Table 5. The results indicate that Kr85 releases from re-
processing facilities are not acceptable. Retention factors of
103 or so must be enforced. All other relative dose rates are
very small. This very reassuring ocbservation, however, rests
on the choice of the other retention factors indicated in the

. 8 .
Table. PFor Pu we had agsumed 10 1n the study. As we have

10 . . , .
“~ can be considered feasible. The relative

seen values of 10
burdens then go down to values of lO“g and less:; and this
illustrates--not in terms of reference time periods but in
terms of relative dose rates--the degree of precaution such a
choice of retention factors does imply. It translates into
reference time periods accordingly.

The IIASA study also considers accidental situations.
Thus we substituted the emissions of the normal operating case
by the product of a probability per second and the anticipated
release of radiocactivity. But here a normative approach was

chosen. We fixed the dose rates and in a backward fashion cal-

Culated the so implied accident probabilities. These probabilities
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then serve as target values for reliabilities, i.e. we have a
normative approach. The actual design basis accident probabilities
of a given facility must then be smaller than this target.
Reliability control studies like those by Rasmussen and his team
for the LWR case must sufficiently assure that this is so. Our
ITASA study considers not only accidents of facilities but also
the case of physical protection and the adverse spreading of‘
plutonium. Table 6 shows some of the results of that study. It
fmust be realized that small wvalues of normative accident proba-
bilities reflect a precarious situation, while large values in-
dicate an inherent permissiveness of the technological situation
in guestion. It is surprising to learn from Table 6 that repro-
cessing, plutonium contamination and the explosion of a crude
device whose plutonium was obtained by inadequate physical pro-
tection, are of less concern than intermediate waste storage,
the case o0f a Pu fuel fabrication plant and the case Qf final
waste disposal. It is cobviocusly unavoidable to make certain
assumptions in all these rather s£raightforward calculations.

A special case is final waste disposal, where the under~
lying assumptions influence heavily the resulting ordering of
concerns. Figure 3 illustrates the scenario we had assumed:
Waste is stored in glass cylinders of 20cm diameter where a
break-in of groundwater occurs because of unforeseen geological
events. Fraction F, of the total glass cylinder surfaces is
exposed to the water. We further assumed ad hoc that the ground-
water circulates in a closed loop. The soil filters the water,

Tesulting in a filter factor Foe We further assumed that people
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would have to use the groundwater for drinking for ten years,

the period needed for appropriate measures to stop the ground
water circulation. Given this scenario the resulting normative
accident probability follows in Table 6. This normétive accident
probability means that the site of final waste disposal be selected
in such a way as to have geological probability for the water
breakéin that is smaller than the normative accident probability.
For each considered final waste disposal site the accident scenario
will probably be different and has to be properly assessed.

More generally, the resulting normative accident probabilities
should not be smaller than approximately _"LO»Ll per year. Smaller
values‘wculd be required if the waste inventory together with
leach rates and other technical parameters would be so high that
they in turn imply these low accident probabilities. Instead,
waste inventory and technical parameters should be such that the
resulting normative accident probability is one in 10 000 years

or sos: 1in this case geologists can probably make assessments;

10 000 years are a short time period in geological terms. This
reasoning is not meant to lead to this or that geological assump-
tion or this or that choice of an accident scenario. Experts

will do this job. The point is rather to show that a design basis
accident scenario must be anticipated and that resulting normative
accident probabilities must be derived from permissible dose rates.
Thereby upper bounds for required reliabilities are introduced

and one cuts the otherwise prevailing openendedness of debates

on final waste disposal problems. In other words: Once the

specifications are given engineers can do their job of designing
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and constructing final waste disposal facilities. The problem
is not engineering, it is rather to identify such specifications.

And this in turn is a soft problem of regulations.

A SET OF REGULATORY DECISIONS

Regulatory decisions for a rational deployment of large
scale nuclear power can he logically organized and Figure U4

shows the structure reflecting the organization.

o

A first deciéion is whether one wants to establish limits

or cost benefit ratios. The famous 522:? for LWR are an example

for a predetermined limit and in each particular case the actual
dose rate must be below that limit. The alternative is a cost
benefit ratio. Recently the U.S.Environmental Protection Agency

established such a ratio by stating that for each GW(e) year a

release of Q.5m Ci of Pu239 should be tolerated. One GW(e) year
relates to roughly 200kg of Pu and thereby %lou Curie of Pu239¢
0.5m Ci/GW(e) therefore implies a retention factor of 108, If

accounting for other o-activities one becomes consistent with
the retention factor lOlo that was elaborated earlier in this
paper. Another cost benefit ratio is the value of e.g. 10003%/
manrem. It implicitly relates to a value of life. If 1000 rem

are considered a lethal dose the value of a life is rated to

be-at 1 million $. J.Linnerooth of IIASA recently made a survey

h

Of mathematical techniques in conjunction with such assessments

the value of a human life [7].

I

o]

If one opts for limits the next decision to be made is

whether one wants to control effluents or ambient dose rates.
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The difference 1s inpathways. and meteorology. Ambient dose rates
account for this while a control of effluents is easiér to
assess on the one hand. On the other hand it implies that
effluents should be limited even if ambient dose rates permitted
possibly higher values because diffuéion and accumulation
mechanisms are not fully known or bhecause any release into the

environment is considered detrimental.

In both branches allocations must be made between normal
-operating dose rates and dose rates due to accidents. If there
is an upper limit one must reflect on a certain resexrve for
accidental situations and not all of the allowance can be used up
for thenormal operating conditions. This too must be viewed as a

normative decision.

In case one has opted for effluent control one can straight-
forwardly calculate the required retention factors and the
normative accident probabilities which in turn then establish
a target for plant reliability.

In case of ambient dose rate control one has to identify
a dose rate for the individual and a dose rate for the population,
as explained earlier. It might be considered to be of relevance
whether a dose rate, permitted for an individual, is appiied to
a major éhare of a population or not. For instance, genetic
considerations could induce this. The individual dose rate
would again lead to retention factors and reliability targets.
Population dose rates would require an allocation to the various
facilities of the fuel cycle and criteria for siting these faci-
lities could be derived. One should realize that only regulations
on population dose rates would lead to such siting criteria while

individual dose rates would not.
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Today only individual dose rate limits for the case of the
normal nuclear reactor operation are fully established. What is
particularly needed is the establishment of dose rate limits for
accidental situations. The political. and psychological diffi-
culties for doing so are more than obvious. But the observation
shall be made here that it is this lack of regulatory decisions
which, in my judgement, is the greatest obstacle to mastering the
problems of a large scale deployment of huclear power. It is
‘the software that is missing. The hardware, that is engineering,
is not the problem. If the software of establishing the regula-
tions is not done the situation of nuclear power is openended and this
very openendedness endangers the deployment of nuclear power.

This situation is summarized in Figure 5. One may call

this scheme: How to deal with the unknown? Traditionally engineers

i
! .
!
!
!
!

;
|
THE UNKNQWN § MEASURES METHODS AND PROCEDURES
i AGAINST THE
L UNKNOWN
‘ |
ANTICIPATED. m_?f,?ENGINEER!NG}EREUAB!LITY - timeg STANDARDS
WITHIN LIMITS 1" FOR SAFETY *{f CONTROL REGULATIONS
. , i '
’ !
| |
§ 3 HYPOTHETICALITY <DECIS!ON UNDER
; I ' UNCEXAINTY
ANTICIPATED, EMBEDDING
WITHOUT &= NTO %l& RISK PERCEPTION > FORMALIZED
LIMITS I EXISTING | - PROCEDURES
.1 RISKS |
3 |
|
! |
| 1

—

Figure 5. How to Deal with the Unknown?



23~

anticipated certain accidental events. By necessity such
anticipation had to be done within limits as it is then possible
to take engineering measurés against the S0 anticipated unknown.
‘In view of the large scale consequences typical of many of the
new technologies it is now felt that the whole spectrum of
accidental situvations must be anticipated, which means antici-
pation of the unknown without limits and this leals to the question
of C.Starr: "How safe is safe enough?". By necessity residual
"risks occur as any engineering measure is limited by its very
nature while the anticipation of the unknown ié without limits.
Such residual risks must then be embedded into the natural and
mannade anyway existing risks. This requires an understanding of
these risks as well as the undexrstanding of the perception of
these risks by individuals and society. The joint IAEA/IIASA
group is trying to do this [8]. Against that background it is
then necessary to establish regulations and standards providing
targets for reliability control that proves that a given design
meets these targets. The LWR Rasmussen study is the most pro-~
minent example of that part of the chain of reasoning. Again

one arrives at engineering measures for safety. But they must

now be seen in conjunction with the embedding of residual risks.

NUCLEAR POWER BEYOND ELECTRICITY GENERATION

Up to now nuclear power has almost exclusively been con-
centrating on the generation of electricity. It is a well known
fact that only about 25% of the primary energy demand are for
such electrical purposes. In terms of demand for secondary

energy it is only 10%. Figure 6 shows expected trends for forms
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of secondary energy. The share for electricity will rise up to
20% or so but not much beyvond. There is also a trend for gaseous
secondary energy carriers to increase their share while the shares
for solids in particular and for liqgids to same'extent will de-
cline. One must realize, therefore, that large scale nuclear
power should generate not only eiectricity bhut also a gaseous
secondary energy carrier. The most prominent candidate is hydrogen.
To a lesser extent also ammonia may be considered. Gasification
‘of coal also has to be envisaged. It is not the point of this
paper to elaborate on this in greater detail. Instead, reference
is made to an earlier paper of the author [9] and more so to

the work of C. Marchetti [10]. The foreseeable future of nuclear
energy will be characterized by the LWR; vyet one should realize
that there are natural ways of combining a near term LWR genera-
tion with fast breeders and high temperature reactors to allow
for the production of electricity and a gaseous secondary energy
carrier. Figure 7 explains this reactor combination. The Pu
production of LWR is used for first core inventories of fast
breeders. The breeding gain of such breeders could be in terms
of U233 for instance by providing a radial blanket of thorium
elements. The U233 produced would then be used to comply with
the net reguirements of a THTR. In this scheme LWR and breeders
are expected to generate electricity, while the THTR is expected

to generate the gaseous secondary energy carrier. One should

W

h

realize that

or an energy demand that only evolves slowly the

Q

FBR/THTR combination can operate independently once the first
Core inventories are provided for. This combination would

Operate on the breeding principle, thereby essentially de-
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coupling this power generation system from the problem of re-
sources. At IIASA the transition into an all nuclear energy
supply scenario was studied by W. Hifele and A.S.Manne [11].
A, Suzuki extended these studies considerably and enriched
thelr results by disaggregating energy demand and by alsc con-

sidering solar power and coal power [12].

THE CASE OF PLUTONIUM AND ENERGY PARKS

.

i

is not only the problem of radiation dose rates that
matters. ERBarlier in this paper we elaborated on such considera-

tions in greater detail. It is therefore important to extend

the deplovment of large scale

mclesr power and to envisage the problem of physical protection.

Lo realize that there are four classes of reguired

Figure 8. The least prob-

fuel elements. They are
essentially selfdefending by their own strong radiation.
Besides, they are heavy eguipment and not easy to divert. The
timing of their appearance can be seen in Table 3 (LWR repro-
cessing). As explained earlier there is a time lag of about
T8 1 . s N q s

L3 years 1f compared with the appearance of fresh nuclear

yial. Such fresh material forms the second class of re-~

=

quired physical protection if its enrichment is less than for

instance 5% . Such material is not selfdefending, it is already

3

s but would require further en-

cant guantitiec

("3

richment for explosive purposes. A third class consists of Pu

and U233, It appears after reprocessing, is not really self-

enr ichment for explosive
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purposes. Clearly enough, a fourth class is made up by high-

oL

4

1y enriched uranium. Besides chemical conversion it is readily
usable for explosive purposes. Such classification is helpful
in conceiving a decision tree for the deployvment of a large
nuclear fuel cycle. 7This decision tree is given in Figure 9.

Obvicusly the first decision is whether to use nuclear

power or nob. If not, it is necessary to identify alternatives

ot
iy

hereby trying to understand the implications of such a decision.

1f yes, the next decisgion is whether to go into chemical repro-

cessing or not. If not, strategies for intermediate waste

storage and appropriate final waste digposal have to be identified.

Une should yealize that thisz implies some kind of chemical pro-

cessing anyway. If yves, the next decision is whether to go into

if not, plutonium storage is re-~

If yes, the next decisicn 1is whether to avoid transport
one fully faces the problems

hree as well as related environ-

. 1If yes, one is led to the scheme of collocating

reprocessing, scrap recovery and

fuel fabrication. The AGNES facilities in South

have to be faced. If yes, one

T
[
et
]
th
o
[

18 led into the scheme

€

el cycle facilities

and the reactors that use fresh plutcnium bearing fuel elements
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on the same site.One must obviously decide on the appropriate
reactor type. In view of the reasoning of the last chapter one
may decide to have these collocated reactors produce: a gaseous
secondary energy carrier. The incen;ive‘for doing so is the
easiness of long distance energy transportation in the GW domain.
Comprehensive collocations really mean a strong centralization.

As indicated in Table 3 about 2 300t of fissile plutonium isotopes
are available by the year 2000 and within the OECD. For quick
orientation let us assume that these plutonium amounts would be
used as first core inventories in fast breeders much along the

lines of Figure 7. One can expect a rating of roughly 1MW(th)/kg

of fissile Pu; therefore 2 300t of fissile plutonium would

Q
w
i
D
3]

2spond to roughly 700GW(e) of Pu fueled reactors (if allowance

made for an out-of-pile inventory). This is roughly 40%

of the expected overall OECD capacity of the year 2000. If
distributed over five com?zehensive collocations, i.e. energy
centers, it would mean 140GW (e} for each of them. Long distance
transportation of such electric power guantities may be beyond

available technology, while transportation as a gaseous secondary

o

oo

ergy carrvier is clearly within existing technology. If we now

k<j

5

-
0
{.,. X)
e
e

all the anyway ecxisting necessity for large scale nuclear

2:.)

power to produce besides electricity a gaseous secondary energy

ler one is led to a natural division of tasks: Normal nuclear

[

caryr:

bower stations, based on U235 fueling and along the lines of the

now available technical exnerience, would continue to function
as electric power stations on a decentrallzed basis. The

irradiated fuel elements would be transported within class one
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of required physical protection (very little protection required)
to the collocations and the Pu wodl@ never leave these energy
centers again. Instead, it would fuel reactors that would. pro-
bably produce mainly the process heat for synthesizing a gaseous
secondary energy carrier with subsequent easy transportation in
an (already existing?) pipeline system. Of course, we do not
want to exclude electricity generation in such energy centers,
when appropriate.
. One arrxives therefore at a sequence of modes for the geo-
graphical deployment of nuclea; energy as shown in Figure 10.
As time and with it the capacity of a modern energy system evolves,
we started with a transition from coal to oil and we are now be-
ginning to see the transition to local nuélear plants on the basis
5 fuel. The nuclear community now faces the problem of
appropriate uses of large plutonium amounts. We here suggest as a
further transition to use this plutonium in comprehensive colloca-
tions, i.e. in large centralized energy centers, possibly offshore.
It is encouraging to know that Japanese scientists like H.Murata

of JAERI at Tokai Mura pursue such a concept steadily and consciously.

It should also be noted that the provision of a gaseous
secondary carrier allows for the easy integxation of other primary
energy sources to come such as solar power. Solar power by
inherent necessity requires large scale energy storage and this
can be done naturally on the basis of such a gaseous secondary
energy carrier which would, in fact, then significantly increase

the versatility and resilience of a modern energy system [9].
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A REMARK ON MULTINATIONAL ENERGY CENTERS

It was mentioned in the beginning of this paper that
present o0il supply bridges global distances. Transportation in
large tankers facilitates the shipment of about 25 million
barrels per day which is the eguivalent of 1.7TW(th). We also
saw that the problems of installing large scale nuclear power
aié the problems of going into the TW domain. The scale of
nuclear power expected for the OECD until the yvear 2000
-demonstrates this but also, more inherently, the amount of
Pu to be expected. We saw that by the year 2000 the equivalent

of 700GW(e) would be based on plutonium. In this context one

must recall that lg plutonium is the equivalent of 1t of coal
power vear. One must understand that this is not only a physical
asquivalent; 1t also relates the effort and attention that goes

along with 1t of coal per vear to those required for the adeguate

ing. of

3
s
}_J

"

fomad

ufi.'sflfa

&

lg plutonium. In this perspective it is then not
surprising to visualize a concept of energy parks. Enexgy parks
mean the transition of nuclear power from the GW to the TW domain.

We connected the nuclear energy parks concept to the production

cf a gaseous secondary energy carrier. A gaseous secondary

3

arrier can be liguified. 1In case of ammonia this is conventional

¢

e

‘technology; it can be done for hydrogen, too. Energy centers in
the TW domain could therefore serve as an artificiél substitute
for natural oil fields. Contrary to natural oil fields such

oil fields would be inexhaustible.

By such a reasoning we are led to possibly conceive such

energy centers on a multinational basis. This would also smoothly
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eliminate the concern about non-proliferation of nuclear weapons
and adequate physical protection. It is obvious that the problems
for implementing such a scheme are not of a technological nature.
Engineeringwise it can be done. The problems are soft ones: Who
is responsible for the operation of such centers, who is liable,
who gives the commercial guarantees for timely deliverxy and who
guarantees the security? In the reasoning of this paper it is
not surprising that it is the soft aspects which make up the

‘problem, not the hard technology.

LEVELS OF ABBSTRACTION/UTILITY

To complete a total system of nuclear power has led us into
considerations in the TW domain. It may be helpful to realize
the more subtle implications of such a step as explained in Figure
1l. Until a hundred years ago mankind was operating with horses
and other animals as far as energy systems were concerned. This
was the kW domain. A distinct evolutionary step was taken when
physicists realized the more abstract and thus more general
meaning of %he term epergy. It led them beyond mechanics into

o] LREOvEES D
¢Maxwell’s name may stand for that. On the

thermodynamics.
utility side James Watt and Werner von Siemens may characterize
the amplification of technological possibilities that went along
with it. The change from the kW to the MW domain was opened.
Physicists went on by conceiving quantum mechanics, realizing
the more abstract and thus more general meaning of the term
informationc It is broader and more powerful than energy. The

name of Heisenberg may symbolize this level of abstraction.
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On the utility side it led to the technology of information pro-
cessing and to nuclear energy technology. The names of John v.
Neumann and Fermi may be represetative. It meant a change froﬁ
the MW to the GW domain.

We should not be very surprised nowadays that it means
agaln a new and qualitative step if we want to enter the TW domain.
One may conjecture that it relates to a step physicists may have
taken recently. The theory of elementary particles is more a
problem of patterﬁs than of information. The Quark concept of
Gell~-Mann points into that direcﬁion,

On the utility side one must now also anticipate a new
element. This paper has stressed the observation that the
problems of bringing nuclear power into the TW domain are soft
in nature. They all point to management and institutional prob-
lems. Mere information is not deing the job any more. We need
more than information, something that may be addressed as "Gestalt"
or a body of institutional capabilities.

Therefore it is time to realize that a distinct cultural
step is needed to enter the TW domain. It is much to be compared
with the evolutionary step the old civilizations in the large
valleys managed to take when they tamed rivers like the Euphrates
Tigris or the Nile. The problems were neither to build a dam |
here and there nor to install sluices, water the land and develop
new agricultural methods.

The basis for supporting peoples was only formed when a
"gestaltete Technik" on a (at that time) worldwide scale was

cambined with a new idea of managing benefits and risks on that



-38-

scale: the advent of the idea of a state. 'New technology and a
new social structure formed a symbiosis.
Upon reflection our present difficulties to prepare for

that appear to be in line with the process of natural evolution.
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FRENCH NUCLEAR ENERGY PROJECTS

*

0DUCTION

Before the oil crisis which followed the Yom Kippur War, and the economic
problems experienced by all the industrialized countries of the free wold, Futurology
claimed to have almost reached the level of pure science. "Think Tanks'" predicted
the future with the utmost precision, and with a confidence that was more than
reassuring for those wbo had to make decisions - decisions which only the future

would be able to evaluate.

Only a very brief period of time has been necessary to remind us that
events do not always follow the course we expect them to take, and that one has to
be extremely prudent in formulating our forecasts.Nonetheless, it is unavoidable,
for those who have to decide on the major investments which require the creation of

a whole sector of industry, to define the assumptions of their decisions.

"In the case of the development of ruclear energy for producing electricity,.
decisions are based, first,on the estimated evolution of the consumption of electri-
cal energy - which itself depends on economic growth and the rate at which electri-
cal energy is substituted for other.forms of energy by the consumer - and, second,
on the proportion of nuclear-generated electricity which is reckoned desirable in

the future.

On the strictly economic side, this proportion obviously depends on the costs of
investment, and the cost of fuel in power-stations usingfossil fuels, as compared
with nuclear power stations. These costs differ im structure, and are equivalent
only for a certain load factor. But in addition to the economic aspect, lies
the desire to lessen national dependence on outside sources of energy, and to
economize on foreign currency. These considerations have encouraged us to go ahead,
and it is in this frame of mind that the French plan for nuclear installations was
drawn up. To start,it consisted of a range of pressurised water reactors (PWR) only,

with on increasing share of fast breeder reactors.

IGHT WATER REACTOR DEVELOPMENT I[N FRANCE

1 - . ) . : .
France started its nuclear programme with reactors of the natural uranium -

gaz-graphite type. This was the only type France could develop quickly, and independently

since we had no plants for separating isotopes or producing heavy water. This independerc:

« e v



of course,
was/ strictly necessary as soon as the decision had been made to develop atomic

weapons. The 8 reactors of this type in operation now are working very satisfac—

torily, with a high level of availability.

At the same time, however, as we were carrying on with our natural uranium -

gaz-graphite programme, we were also studying a heaVy water — gaz type reactor.

Our Brennilis reactor - after a few initial snags - is working well, and with the

new prices for fossil fuel it is now economically viable. There is also the pressu-
rised water reactor at the Chooz nuclear power station, which was put in service in
1967 and built by French and Belgian constructors under licence from
Westinghouse, for a compary which is owned fifty-fifty by Electricité de France

and the associated Belgian producers. Here again, after a few major difficulties-

at the beginning, the power station is giving entire satisfaction.

_A second installation of the same type (PWR), but with greater capacity -
900 MWe - has been built in Belgium by the same constructors for the same Belgian
and French producers. This is the Tihange nuclear power station. It was put into

operation last year, and, since then, has had a very good level of availability.

A few years ago we decided not to proceed with natural uranium - gaz-graphite
reactors for economical reasons, and also to give us access to a market bigger
than just the French market, Therefore we have naturally chosen to concentrate on
the light water reactor range, which will be, by far, the most commonly used throu-
ghout the world. In the light of our experience with Chooz and Tihange - the latter
was being built at the time - we commissioned the first light water power stations
entirely owned by Electricité de France - Fessenheim and Bugey - with pressurised
_water reactors carried out in France by the Société Framatome under licence from

Westinghouse.,

We then studied the possibility of diversifying by commissioning a certain
mmber of boiling water reactors. But after lengthy analysis and considerable discus-
sion, we had to give up this idea, because of the major cost involved - the sort of
cost invevitably linked to launching a new technique, and which would have led to the

fragmentation of a market which, on the national level at least, was too small.

Our decision to concentrate all our orders for nuclear installations on the
PWR range does not imply - and I must emphasize this point - any judgement between
these two different techniques, but is simply due to circumstances which do not

allow us to split the national market in France among two different constructors.



1" To concentrate all our orders for nuclear power stations within the

| framework of one technique, coupled with the size of the French nuclear programme,
has enabled us to carry out an ordering policy : the orders are grouped in long-term
contracts spread over a number of years, to be carried ou in successive stages.
Thus, the 900 MW stage planned at present will comprise 32 units. 6 of these had
already been ofdered for Fessenheim and Bugey ; a first long-term contract was then
put in hand, for 16 others, to become operational over the following three years -
1979, 1980, and 1981. The last ten 900 MW units form part of a second contract, where

the last two are optional.

While these last 900 MW size units are being built, the 1300 MW type will
be progressively introduced from 1982 on. This is directly derived from the 900 MW

type by adding an additional "loop" in the primary circuit,

-All the light water reactor installations put in service after 1985 will
be of this 1300 MW type. We have however decided to develop simultaneously — and
I shall deal with this later on - a range of Liquid Metal Fast Breeder Reactors

(LMFBR) .

The change—over from the 900 MW.to the 1300 MW stage is obviously due to
economic reascns, since the increase in size will give us a 10 % percent profit on our

investments, and we shall gain 7 % percent on the cost per kilowatt hour.

It would of course be ideal if all sections ordered for one particular stage
were strictly identical. - But it is obviously impossible to reach this ideal.
Local conditions vary from one power station to another, and even conditions of

~cooling - as we shall see later - vary considerably.-This, however, is a question
of adapting to the site, It affects the total cost of the installation, but does
not impinge on the actuel construction of the nuclear steam system, nor on the

market for this part of the plant.

The same cannot be said for the progressive - and no doubt sometimes
over—zealous - tightening of safety regulations. This fact has led us in the middle of
the 900 MW stage, to make a certain number of technical modifications between the

first an second of our long-term contracts for nuclear plant.

Here it is perhaps worth noting that Electricité de France usually acts
as the prime architect for its power stations, and does not go in for a policy of
turnkey-contract, Separate orders are given to different constructors for the main
components, defined in such a way that individual responsibility may be clearly pin-
pointed in the event of any incident., The most important orders cover : the nuclear

steam system, the turbines and generators, and the civil engineering work.

. LRI



Experience has shown -~ as may easily be guessed - that this policy of orderin
groups of major components in sizeable reries to be supplied over a number of years
enables the constructor to amortize his research, and rationalize both his supplies and

. the work in his workshops, thus leading to a clear reduction in the cost price. Thus it
will enable French industry to be an important and efficient one on the world market
of nuclear reactors. It must be added that the French "Commissariat & 1'Energie Atomiqe'
holds now 307 of the Framatome shares and that an agreement organizing the cooperation
for development has been concluded between "Electricité de France", French "Commissa-

riat 3 1'Energie Atomique", Framatome and Westinghouse.

13 - , The nuclear power sfation programme has been planned on the basis of-an
estimated consumption of 385 thousand million kWh of electricity in 1985 (1) as
compared with 181 thousand million in 1975. The equivalence between the cost per
kWh produced by fossil fuel power statioms, and the cost per kWh by nuclear power
stations is obtained for 4000 hours operating time. An additional hypothesis deals
with the probable availability of the various units planned, varying from 40 7 or
50 % for the first winter, to 85 Z, which will only be attained by the 5 th or 6th

winter for the first 4 units of a stage, and by the 3rd winter for following units.

Taken overall, this programme gives the following development of electri-

city production in France between 1975 and 1985.

In 1975, the breakdown of pbwer generation was as follows :
- hydroelectric : 18200 MW
~ thermal (fossil fuel) : 26000 MW
- nuclear : 3300 MW
with a respective production of 60, 101, and 17.5 thousand million kWh. The

remaining 2,5 thousand million kWh was imported.

In 1985; power generation is estimated as follows :
' - hydroelectric & 22100 MW

thermal (fossil fuel) : 26500 MW

- nuclear : 46800 MW

with a respective production (given average hydroelectric conditiomns) of 61, 54,

and 270 thousand million kWh.

Thus, between 1975 and 1985, additional hydroelectric power stations (in
the form of pumping stations for the most part) with a capacity of 3200 MW will be-
come operational. In 1976 and 1977, 4 units with 700 MW capacit& using fossil fuel
will come into operation — these are the last power stations of this type which were
planned, The reason for the very small variation in traditional thermal power
between 1975 and 1985 is due to the decommissioning of old units whose working
life has ended compensates the effect of the last units which become operational.

In actual fact, the number of traditional thermal power stations will be at its ma—-

ximum in 1977/78

—

§ch0usand million kWh included, to be used for isotope separation by gas diffusiomn.



As regards nuclear energy, decommissioning will only affect a small
amount of power before 1985. The differences in power generation thus roughly
correspond to the new installations which have become operational, i.e. 32 units section
900 MW, 10 units 1300 MW, and 3000 MW in fast breeder reactors, as will be seen
ljater. The production of electrical energy by nuclear means will at this date
be more than 80 % of total thermal production, and 70 %Z of total electricity pro-—

duction.

Presently, we are authorised by the French Governement to order nuclear
power.stations until 1977, i.e. for those which will be put into operation up till
1983. Following its first decision to attain 13000 MW during the two years 1974 - 1975,
the Planning Council has fixed the capacity to be attained during 1976 - 1977 at
12000 MW. A complementary decision should shortly be taken including the years 1978
and 1979, It would appear reasonable to maintain a rate of 6000 MW per year for this

period,

It may be noted that this level of commitment - if it is maintained -
should bring about a progressive reduction in the number of PWR units to be ins-
talled each year, due, on the one hand, to the increase in unit power, and on the
other to the progressively increasing importance of fast breeder reactors. It is
thus desirable that in addition to the national market, a sufficiently large export

market be available to the French nuclear industry.

{SITING POLICY

LJ - First of all, we must consider an important fact as regards developments
" in electricity production : the increase in unit power approximately follow the
increase in requirements. Thus, the number of units operating is more or less cons-
tant, and the number of power stations in service (forty), will vary very little
during the next years so long as the present solution with 4 units for each site

is maintained.

However, along with the development in unit power, the evolution of certain
limitations make it impossible to use land where thermal power stations have fallen
into disuse - these sites are usually small, near towns, and situated on rivers

with insufficient flow at low water mark. New sites must therefore be opened up.

If during the next few years we aim at an average rate of 6 units per year, we

shall have to open up three sites every two years on average.



Siting a nuclear power station requires : conmsiderable space (150 — 200
hectares) with a large quantity of water available ; very good quality rocky sub-
soil, situated, if possible as it is in France, in a zone free from serious seismic

shocks ; easy access ; proximity to transmission lines and consumer centres.

- In addition, this land should be of no agricultural value, offer no
attractions to tourists, and have no industrial, aesthetic or historic value.
The site for a nuclear power station should cause no inconvenience to anyone, and
should not be subject to outside risks such as explosions, fire, plane crashes,
flooding, etc... Finally, it should be possible to construct and operate a nuclear

power station on this site under good working conditions without prohibitive cost.

Needless to say, the perfect site does not exist, and the choice of each
site brings its own specific problems which always entail a search for a compromise
between opposite interests., A comparison must then be made between the various po-—

tential sites.

One of the key criteria in this analysis is the cooling : - where large
quantities of water are available, the power station may be cooled by open circuit.
Such is the case for seaside sites, Areas with strong currents are preferable,
coupled with sufficient depth and open frontage to the sea so that the heated
water from the power station may be rapidly assimilated by the enormous mass of sea-
water. Thus, at a distance of 2 or 3 kilometres from the power station the tempe-
rature of the water Is raised by less than 1°C, which is equivalent to natural
temperature variations for short periods, for example during daytime.

- where the amount of water available isbless than the equivalent of 50 cu.metres

" per second flow, per 1300 MW unit, the power station must then be cooled by closed
circuit., Together with their huge size, atmospheric cooling-towers have the disad-
vantage of evaporating water (0.6 to 0,7 cu.metres per second, for a 1300 MW unit)
and require purging to avoid deposits of salts and organic matter on the evaporation
surfaces. In view of these problems it would in practice be difficult to install

4 x 1300 MW beside a river with less than 10 cu.metres per second flow at low water

mark.

Quite apart from the technical problems (which can be quantified), there
are a whole series of other difficulties such as the environment, and possible
harmful effects which concern the installation of a power station on such a site -
evaluation of these becomes extremely subjective, and impact the political as much as

the technical field.

Due to present-day technology sites should essentially be selected in view

of their water resources, with respect to the cooling capacites of this water.

-



France benefits from three sea fronts, and from numerous rivers, but

unfortunatly of low through put slow-flowing.

As regards the seabbards, the zone heated by 1°C extends for 5 to 15 km2 for
a 5000 MW unit, depending on weather conditions. On the ecological side, apart from
an attraction or repulsion for certain species in the areas mentioned above, the
only effect which merits serious study is the passage of water through the condensers.
Potential changes in plancton must be verified and specified so that there is no
risk for the environment receiving the outflow. The constant renewal of the mass of
seawater i1s a guarantee against any danger of localized pollution or any type of
accumulation. This implies a choice of sites with excellent "ventilation' as regards

sea conditions.

As regafds her rivers, France has 450 km. where the flow at low water-
mark exceeds 200 cu.metres per second, 100 km with a flow varying between 100 and 200
cu.m/sec., 850 km with a flow varying between 50 and 100 cu.m/sec., and 2100 km

with a flow varying between 15 and 50 cu.m/sec.

It is clear therefore that sites with 4 units can easily be installed with

closed circuits in most cases.

To sum up, the nuclear power staticns which will be operational in 1985 -
whether they are now in service, in construction, or only planned — will be spread
over 19 sites which, very probably, will comprise 5 on the seaside and 14 on rivers,

‘the majority equipped with wet atmospheric towers,

‘2.— - Choosing a site consists of a series of fairly distinct phases :

First of all, preliminary studies are carried -out with discretion, since

t is pointless to rouse public opinion about sites which are only being considered

[

amongst others, and whxe the probability of actually installing a power statiom is
minimal. These studies are examined together with the Central Administration and,
at the end of this first phase, it is decided that a certai n number of sites may

be actively considered.

The second phase then starts, with pilot-studies and discussions. The
pilot-studies aim either to confirm or reject the preliminary studies, and in
particular to show the feasibility of the power station. At the same time, numerous

contacts are made with the general public concerned. and local representatives,

The aim of these various contacts is to inform the public and its represen—
tatives, and to gather information on the opinion of local groups and elected bodies

about the project and its key features.



Informing the public can take various forms : "official' meetings : meetings
of regional assemblies, : municipal councils ; meetings, often
contradictory, for the purposes of information organized at the request of local

groups or municipalities ; the regional press.

The regiomal or prefectoral body (in charge of the area) safeguards the

objectivity and free discussion facilities within these various meetings.

The finalizing of pilot-studies regarding the feasibility of a nuclear
power station is the job of both the techmicians and the Administration. Even if
the power station is techmically feasible, it must aiso be acceptable for the
local groups concerned. This means that the Administration must examine the various
ways the power station will affect the environment where it is installed, whether they
be physical, ecological, socid—ecopomic, or political. At the end of this second
phase, the Central Administration gives its advice. This is not yet an official
go—ahead for the project, but simply an opinion authorising, if favourable, the start-
up of studies of the project, and procedures for subsequent authorisation. However,
should this opinion be favourable, land will be reserved in urban planning schemes

for future possible installation of a nuclear power station.

Finally, in a third phase, project studies are launched and comittments
taken regarding the requirements in equipments, followed by the official authori-

sation procedures for constructing the power station,

These complex procedures take about two years. As the construction, tests
and bringing on power of one unit section take five years, it is desirable for
project studies to be started eight to ten years before putting into operation the

first unit of the site in question.

33 - Research is going on at the present time on "dry" cooling systems, which

do not use water by evaporation, but transfer heat to the atmosphere by conduction
and convection. If such a system isacheived — so long as it is éccompanied by the total
suppression of liquid effluents - it would clearly widen the possibilities in the
choice of site and unit power. But for the moment, these cooling systems are extre-
mely costly both in investment and operating costs. It is certainly necessary in
order to make this process viable, to modify the thermodynamic cycle and most pro-
bably to go over to a two-fluid cycle. There is still a long period of research

and development ahead.



_FAST BREEDER REACTORS

My friend Georges VENDRYES, Director at the French "Commissariat a
1'Energie Atomique", iﬁ charge of the industrial applications of nuclear energy,
gave an address in this very place a year ago, during the meeting of the Japan
Atomic Industrial Forum, on "Early operating experience with the Phenix 250 MWe
demonstration plant'. He dealt with the development of this range up to the folio—

wing stage, called Super-Phenix.

However this is such an important question in our nuclear energy develop-

ment projects, that I feel I must briefly come back to it again.

1 - First of all, as you heard last year, both Rapsodie and Phenix are working
in an extremely satisfactory way. Phenix, for example, reached 84 Z availability
during its first industrial operating year (July 74 to July 75). At the present
time, there have been no ruptures for the 20.000 fuel pins fed into the core, some
of which reached a burn-up of 63.000 MWd/te (Megawatt days per tommne), and 3500
of which reached or exceeded a rate of 50.000 MWd/te.

- Deficiency was recently discovered in the water circuits near their entry
into the steam generators : this incident does not affect either the nuclear parts
nor the sodium circuits. Repair work has already begun, and will take four months

during which Phenix will be kept working at two-thirds power.

?l - As was also mentioned last year, an international Company, the NERSA,
has been jointly founded by the French E.D.F, (51 Z),the Italian ENEL (33 %) and
* the West German RWE (16 %), with the aim of constructing a power station whose power
will be of the level of light water reactor power stations, and will be representa-

tive of the fast breeder reactor stations which will follow.

This prototype power station, Super Phenix, will give an output of 1200 MWe
and be built along the Rhdne, upstream from the town of Lyon, on the "Creys-Malville"
site. The techncial dossier is complete, safety procedures are being terminated,
the preliminary work on the site haé been done, the factory and engineering teams of
workers are ready, and the decision to start the actual construction should be taken in

the very near future. This power station is planned for operation in 1982.

3 - But we are already convinced that so long as Phenix continues to give
complete satisfaction, and the start of building work on Super Phenix does not
throw up any hitherto unforeseen problems, we will launch a programme of fast

breeder reactors after Super Phenix, starting with an order for a first pair of

"0 0 s



units in 1979 - 1980, followed by a second pair to be ordered before 1985. The
delay of 3 to 4 years between Super Phenix and the power station which follows
will enable us to profit to the maximum from our experience in building Super-
Phenix, as regards actuél costs and delivery—-dates, organiszation of the building
site, and all problems concerning the main components which, three years after

the site has been opened, will be in process of installation.

The features of this first stage will result from studies which have just
been begun by EDF, the CEA and French industry. Power will certainly be more than

Super Phenix's capacity, but not exceeding 1800 MWe.

Our building programme for fast breeders is taking shape with the use,
as and when it becomes available,of the plutonium produced in thermal reactor
stations (natural ﬁranium/gaz—graphite type, and light water type). Two pairs of
units planned for 1979 to 1985 should supply (together with Phenix and Super Phenix)
some 8000 MWe in service in 1991. From 1985, the yearly commitments could reach
2000 MWe which implies that the range of fast breeder reactors would, in the year
2000, be one quarter of the power installed, and one third of the energy produced
by nuclear power stations, since the very low proportional costs of energy produced

by this type of reactors would tend to keep them at the base of the load diagram.

If, in accordance with certain present forecasts, the rate of increase
in the demand for electricity began to fall off towards the end of the century,
we could meet our requirements with fast breeder reactors only, which would be

a final step as regards our independence in energy,

USTON

French nuclear energy projects are straightforward : commitments for
operational power stations are clear up to 1982/1983, they are fairly well defi-
ned till 1985, and they are obviously vaguer for the years that follow since our
day and age does not lend itself kindly to exact forecasts about long-term develop-

ments in energy consumption.

Our projects are, in their first phase, essentially concentrated on big
pluriannual contracts for pressurised water reactor-type power statioms, and their
second phase sees the progressive introduction of a range of liquid metal fast

breeder reactors.
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Should present assumptions on change of energy consumption prove valid,

and if these programmes are respected, the following results should be obtained :

- from 1985, electricity production should be dependent on only 10 7 imports.
— at the end of the century, there should be a marked reduction in this dependence

for the whole sector concerned with energy.

In view of their reasonable operating costs, and the economies that can be
made in foreign currency transactions, Nuclear Power Stations are the only means -
as far as man can see -, for countries with no natural resources in energy, to
resolve their energy problems without becoming totally dependent on supplies from

abroad,
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by
Edwin A, Wiggin

" Executive Vice President
U.S, Atomic Industrial Forum

I am decply honarved to have this opportunity Lo address this Annual
Conference of the Japan Atomic Indxstrial Forum. 1 had the honor of
participating in a conference i@re in 1857, jointly sponsored by our two
organizations. It is a pleasure to be back in Japan and I extend to you
greetings and best wishes on behalf of Forum Chairman John W. Simpson,
Forum President Carl Walske and the other officers and directors of the
U.S. Forum

Tﬁe registration for the 1957 conference included 1,000 Japanese, 89
Americans, and 48 representatives of 13 other Asian countries, bringing the
total to more than 1,100, In addition to the turnout for the technical
conference, 1,200 persons aftended an evening series of lectures open to the
general publics 7,500 students attended a three-day series of lectures for
young people; and more than 120,000 persons visited a 10-day atomic energy
exhibit held in conjunction with the meeting. It was a most impressive
convocation.

Within a week after that conferewce ended, the Japancse Federation of
Electric Power Companics announced that the nine ulbililies which made up
the Federation planned by the end of the year to form a new joint-stock
company "to TﬂDO”t power reactors of practwca? use, conduct experimentation

and research, and to wholesale the generated electricity.”
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Continuing my recollections for a moment, let's move ahead three years.
The year is 1960 -- “just 15 years ago. Shippingport was into its third
year of operations and Dresden T and Yankee Rowe had come on Tine. The
Japan Atomic Power, Co. had just signed a contract with the British General

. W
Electric Co., Ltd. for the construction of a 150 Mwe reactor of the Calder
Hall type and before the year was ended,. General [lectric Japan would sign{
a contract with Japan tomic Energy Researéh Institute to build a 12.5 Mwe
demonstration nuclear power plant ab Tokaimura.

Back in the U.5., uranium was selling to the AEC at $8 per pound, al-
though the Japan Atomic Fuel Corporation was aB?e to buv 13 tons that year
for an average price of %4.63 per pound. "Reactor sa(cLy”.and "public
acceptance" didn't get enough press attention that year to make the subject
index of the fggmmj%yyiand the tevms "enviromnmental dimpacl statement™, "low
as practicable", and "low as reasonably achieveable" hadn't even been
invented. |

This doesn't mean that those of us on the Forum staff at that time
didn't have our problems. One of our biggest concerns was that things were
going so well that we could see the day ahead when all the problems would
be solved and we wou]d‘litora1ly have worked ourselves out of a job.

This Took backwards prompts me to remark: "Oh, for the good old days."”
Although this 1is a phrase generally reserved for parents in reminiscing to
their children, T can think 0% nothing more éppropriate to describe my own
feelings of frustrat{nn‘when I consider the potentials and acéomp]ishments

of the nuclear industry in the context of ks problens,



Advancing our calendar to the year 1976, let's take a Took at today's
problems in the ‘context of the nuclear industry's experience over the last
couple of years. UWhat perspective does this give us in assessing the
seriousness of today's problems and the Tikelihood of their carly rnsotutiun?

"Last year was nol a good year for the U.S. nuclear industvy.  Words
Tike "dislocation", "confrontation", escalation” and "frustration" describe
it pretty well.

During the year, only 5 new nuclear power plants wilh an aggregate out-
put of 6,400 Mwe were ordered against the highwater mark of 1973, when firm
orders were placed for 35 units with a combined megawattage of 42,000 Mwe
and nine additional letters df intent were signed, bringing the qrand total
to over 52,000 Mwe.

During 1975, the deferrals continued. To the approximately 120,000 Mwe
deferred in 1974, another 20,000 Mwe was added in 1975.

The industry counld take Tittle comfort in the caveat that oulright can-
cellations during Lhe past two years have accounted for only aboul 67 of
total nuclaar/comniLmonL:. Nov could the industry find much solace in the
fact that stretch-outs during the past two years have also hit approximately
80,000 Mwe of fossi1~f1réd generation. There is simply no vay Qf comparing
the five new orders in 1975, against an average of 28 new orders per year
over the previous five years without concluding that 197Skwas a rotten
business year.

Nor does it appear that 1976 is going to be much better than 1975. Con-
versations with the NSSS vendors suggest that we can expect to see no more
than a dozen, and somé believe not more than a half-dozen, new orders placed

this year. On the other hand, 1977 could see a turn around and a resumption

in the ordering of nuclear plants.



AMso, the situation, 1 submit, is nol as bleak as the above statistics
might at first suggest. For instance, the 1975 record also shows that at
the end of the year, bR domestic power reactors were licensed to operate,

63 units were under construction and 101 more were in various stages qf the
pre-construction licensing process.

The Federal Power Commission has reported that nuclear power produced
more than 121 billion net kwh of electricity in the first nine ménths of
1975, This was 8.50 of all the clectric power qeneraled in the .S, during
those nine months and more than atl nuclear power plants genevated duving the
previous th?ve months. I the same 121 billion kwh had been produced in
fossil-fired plants, it would have required 7.5 billion gallons of oil or
40 million tons of coal. On a weighted average bhasis, Lhe’nuc1ear power at
a cost of 12.5 mills per kwh was 63% less oxpensive than it would have bheen
had the e?ectric’pnwcr been produced with oil and 277 Tess expensive than if
it has been produced with coal. Further, the cost savings attributable to
nuclear would have been cven greater had the 76.67 availabilily factor of
the base-loaded nuclear plants been able to match the 81.4% availability
factor of the base-loaded codl-fired plants or the 85.87% availability factor
of the base-loaded 5i1~fired plants. There is no doubt in my mind that as -
further experience is gained, nuclear power plant availability factors will
go up. And so will the comparative cost savings. Admittedly, nuclear power -
costs are also on the rise, but so are the other means of goneratihq efectric
power aﬂd for -Lhe same reason -- dinflaltion.

In the tfme available, T would Tike to discuss five of the wost serious

problems currently confronting the nuclear industry, review what steps are



being taken to resolve them, and finally, consider what additional measures
might be taken to make the full potential of the nuclear option available
to help meet the electric power requirements of our nation between now and

the turn of the century. I will, of course, be talking about the U.S.
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nuclear program and the respective roles of industry and government in the
states, but I suspect that neither the problems nor the involvement of
government and industry in your country are markedly dffférent.

If one were to look for a single root'cause of many of today's problems,
one might simply note that the atom has gone public and as a resu]f it has
been emotionalized and politicized. This, of course, is too simp]{stic an
answer and it also‘implies that there is something,wrbﬁg with emotion and
politics, which is not necessarily the case. HNor is there anything wrong
with the atom's going public; indeed, it must il atomic cnerqgy is to become
a major factor in the future economic welfare of the U.S. or for that mat-
ter, most.other nations.

The problem is that atomic energy has gone public before its‘time.

What I mwean is that we have attempted to involve theApubiic in the detision-
making process in.an~area‘where it has little knowledge of the underlying
techno?ogy‘and Tittle understanding’of the implications of its decisions on
the further deve]opmgnt of that iechno}ogy or on its potential contributions
in terms of cést/benefit relatioriships.

Neither our institutions, nor our policies, nor procedures, nor people
in government or industry are geared to deal with the problem effectively.
For example, T know of no more than a halfl dozen people in the nuclear
community who have been able to cope effectively with the histrionics of

Ralph Nader in a public debate. And there are probably less than two dozen

t
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members of the Conaress, comprised of 435 representatives and 100 senators,
~who have ever seen a nuclear power plant or could tell you how one works.

Although this.may suggest, and correctly so, that I consider the win-
ning of hub}ic understanding and confidence in atomic encrgy to be the
industﬁy‘s most serious problem, let me go back to my identification é?lthe
other four problems to thch I referred eariiér.

The probTems 1 have in mind are: (1) raising Lhe capital lunds neces-
sary to build nuclear plants: (2) assuring an adequate future sﬂpp1y of
uranium; (3) expandinq’in a timely fashion uranium enrichment capacity:
‘(4) closing the back-end of the fuel cycle, including resolﬁtion of the
question of whether mixed oxidesrshau]d be used as liaht wéter reactor fuel
and defining and jmplementing a waste management program; and (5) the problem
to which T have already referred, Qinning public confidence in a vigorous
pursuit of the nuclear option. Let's take them up in the order listed.

Raising Capital Funds

- The problem the utilities have had during thé past couple of years in
raising capital investgent monies for nuclear power plants appears to have
abated somewhat in recent months; The reason fof this, in part, is because
an increasing number of the state commissions that regqulate the'rates utili=
ties may charge théir customers have come to recognize that utilities must
recover the operating expenses attributable to higher fuel and labor coéfs.
Utility cash flow must be sufficient not only Lo Qout operaling and wmainlen-
ance Co§ts, hut also to permit the,uti1ity to compete in the money’mnrkot for

debt capital. Rate relief by state commissions has traditionally Tagged the

money needs of the utilities and this will probably continue to be the case,



but the situation today scems somewhat better than it did a year ago.
It is not yet clear how the’uti1ities’ improved financial Situatiah
will influence the likelihood of their opting for nuclear power. Such a
decision, of course, depends on many factors. When and how much new gener-
ating capacity will be needed on a particular utility system? Following
an average nation»wide historica] electric power growth rate in the U.S. of
7% pér year for 20 years, the recession year of 1974 produced no growth.
And, notwithstanding the projections of some utility economists that 1975
would produce a growth rate of approximately 5%, it turned out to be less
than 2%. The netl result is that some utility systems now ‘have capacity
margins as high as 30-40%. With this kind of margin, new capacity comnitments
and @ccombanying capﬁfal investment commifments are being deferred. Doeé this
mean, then, that the financial status of the utilities simply appoa%s better
because they aren't spending capital monies?
But, if future electric power requirements are tn assume an annué] growth
rate of 4-6% instéadAdf the carlier 77 or a doubling cvery 15 years instead
of every 10 years, thistisn't a very 1ongltime in terms of the 9-10 years lead
time now required to bring a nuclear power plant on Yincl When one adds to -
these imponderables the unknowns of future cest.esbalation and inflation, it
helps explain why projecting the extent of nuclear power additions and their
capital requirements tends at the moment to be more of an art than a science.
And, of course, another factor that will be taken into consideration by
the utilities in deciding whether to opt for nuc1earhpower will be the

comparative costs of nuclear power vs. the cost of power from alternative
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generating systems. The capital costs of a nuclear power plant, for
example, continue to run higher than those of a fossil-fired plant, al-
though with Timestone scrubbers on a coal-fired plant, the diffcrcncedis
minimal. The Tead time fTor constructing and hringi&g into operation a
nuclear plant continucs to be Tonger than for a fossil-fired plant because.
of protracted Ticensing requirements, thereby increasing the potential
impact of cost escalation and inflation. But nuclear fuel costs continue
to run significantly less than fossil fuel costs as, for example, was in-
dicated recently in calculations made by the Commonwealth Edison Co. These
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calculations showed nchéar fuel on a present replacemént cost basis to
have a 66% advantaqe over high-sulfur coél, a 166% advantage over low-sul-
fur coal, and a 3837 advantage over oil.

Commonwealth also Ffound for their systen in the Chicago area that
nuclear has an advantage in terms of bus-bar costs of electric power. The
calculations were based on constant dollars, figured on a replacement cost‘
basis, using 1975 construction cost levels but reflecting the latest NRC
licensing requirements Tor nuclear plants and probable EPA requirements
for scrubbers on all high-sulfur coal stations, and using 1975 market prices
for replacement fuel. lnder these assumptions, they found that nuclear
generated electric power would cost 24 wmills per kwh, coal-fired eleclric
power would cost 29 mills per kwh and o%i~fired electric perr wou1d{coét
35 mills per kwh. | }

Returning to the p%ohlom of raising capital, the future needs of the
utilities will be tremendous. Qver the last decade, they totéled approx-

imately $100 billion in the U.S.; over the next decade they are projected



at $325 billion. Mosl ulilily execulives feel that they will have to decrecase
their dependence on outside financing. As one utility treasurer put it:

"This means improving internal cash generation, which basically means thgt
more money must come from the customer sooner."

Many utility common stocks, even after the recent recovery in the stock
market, are still selling at prices below their book balue. Capital monies
of both the equity and debt type will only be assured if utility stocks can
offer a sufficient rate of return to attract investors and this will happen
in the opinion of mast utility executives only with realistic increases in
electric power vates. This opinion was reflected in the industry's rescrved
reaction to the measures provided in the Administration's utility financing
legisiation proposed early last year and to the Energy Independence Act
proposéd last October.

Although there was general acceptance within the utility and nuclear
industries of the thrust and ohjectives of the latter bill, Forum Chairman
John Simpson suﬁmed up the reaction of many in the industry when he said:
"Ordinarily, one would expect any industry to be able to hack it in the
private sectoy withoul direct government assistance.”

Uranium Supply

One of the allegations sometimes voiced by the nuclear pritics iS'thqt
the nuclear industry is qoing to run out of uranium and for this reason,.
amony others, we shoubd not be building nuclear pﬁwnr plants.  And from Lime
Lo time, Chis same waller is raéﬁvd wilhin the nuclear industry, nol as an

allegation, but rather as a concern. In both cases, the question posed is
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whother we will have enough uranium to uel each of the veactors for 40
years that will be pul into operation beltween now and Lhe Lurn of the con-
tury. . )

Both the allegation and the concern are prompted by a number of factors,
among them: (1) we do not now have in place a sufficient number of mines or
mills to supply the quantities of uranium that will be needed in the future;
(2) some ulilities have expericnced difficulties in purchasing uranium
under Yong Leym conbracts: (3) quantitalive information on uranium reserves
is often-couched in lerminology that is difficult to understand and for this
~reason raises doubts as to its validity; (4) -the government has adopted a
policy of permitting the gradual import of uranium, starting in‘i977,’there—
by suggesting to some Lhal Lhe government belicves domestic Suﬁp]ios will
run short; (5) the-qovernment is no longer purchasing uranium and appears
to-have pretty well worked off its stockpi1e via its mixed tails approacﬁ
to selling cnrichﬁent sorvices; and (6) uranium prices have about tripled

during the last two or three years,

H

Although time will not pofmit me toiaddrOaa each of these factofs
individually, therc is, 1 belicve, a logical answer or explanation for cach
which in the aggregate convinces me that sufficient supplics ol uranium
will be available when needed and at prices that will not preclude the
pconomic attractiveness of nuclear pawor.

Last year, exploralion drilling in the U.S. totaled 26 wmillion fect

which represented an increase of 207 over Lhe 21.6 million feet drilled

in 1974. As Nuclear Industry's correspondent in Colorado explained the



increased activity in the uranium industry last fall: "Anyone flying over
the Uravan Mineral Belt on the Colorado Plateau these days would think the
clock had been turned back two decades. Trucks and jeeps are again rumbling
over atmost forqgollen haulaqge roads and scurrying hither and yon amonq‘fhe
dry basins, twisted canyons and flat mesas. The ubiquitous drill rigs dot
the sagebrush-covered terrain, poking puny derricks against the blue sky."
ERDA's National Uranium Resource Evaluation (NURL) program, initiated
by ERDA's predecessor, ALC, in 1973, to map the tire U.S. for uranium
deposits, including formations that have never been investigated as pos-
sible sources of uranium, was funded at $2,327,000 in FY 1975. For FY 1976,
this funding will go up to $17,385,000. Although the Tirst comprehensive
NURE report is not diue until early 1980, its contract studies are targetoed
at many areas other than the sedimentary sandstones where most present
domestic production activities are centered. For example, one NURE contract
1nvest1g@t1on is surveying granitic and dolomitic rocks in Vermont, New
Hampshire, Massachusctbts, and New York, while another is surveying Triassic
, ‘ g
Basins in the Appalachians, primarily in Virginia and the Carolinas, and
still another is looking into the feasibility of aerial radiometric and
magnetic surveying of the entire state of Alaska. The comprehensiveness
of the NURE program reaffirms the basic fact that uranium is known to‘exist
in all types of geologic formations, in contrast to fossil fuel deposits
whose origins require the former existence of vegetation. [t scems reason-
able to assume that under circumstances of ppndlnq shortages, uranium would:

undoubtedly be rocovvrod from deposits thal today could not be considered

economically viable.
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CRDA's most recent estimates show "reasonably assurced reserves" of
600,000 short tons of U30g yellowcake and "estimated additional resources”
of 2,900,000 short tons of U305 yellowcake, bringing total resources to

3,500,000 short tons. These resources, ERDA estimates, are recoverable

b

at forward costs of $30/1b. of U30q or less. ERDA puts the cumu)ative‘
demand for yellowcake during the 1975-2000 period at 1,660,000 short tons
which indicates a comfortable margin of supply over demand.

For those who question whether there will be enough uranium to Tuel the
reactors on line in the year 2000 for their anticipaied productive Tifetimes
of 40 years, we would point out that if the combination of reasonably assured
reserves and estimated additional resources become available as needed and
if we assume that 5,000 tons of yellowcake are required to fuel a 1,000 Mwe
reactor.over a lifetime of 40 years, the indicated total of 3,500,000 short
tons of yellowcake will accommodate 700,000 Mwe of nuclear power. Against
the 226,000 Mwe‘of nuclear power capacity now operating, under construétf@n
~and on order, such supplies would, of course, he more than adequaté. Even
against the 800,000 Mwe of nuclear power capacity which ERDA projects will
be in place by the year 2000, there would appecar to be ample grobnd for
confidence in knowing that presently indicated supplies of uranium would
accommodate more than 857 of the projected reqﬁirements.

Perhaps of more jmportance in the short term is the fact that there is
considerable activity.undor way in the development of new mines and in Lﬁo
building of new mills.  On the basis of reporled plans, some 6,300 shovt
tons of Us0g production capability, including expansion of existing mills,
new mills, in-situ leaching and phosphate recovery operations, will be

coming on stream over the next few years. Construction of additional capacity



is known to be under consideration but has not yel been ammounced.  Lven so,
still more capacity will have to come on stream by the early 1980's.
Although anti-trust considerations restrict what can be said about
prices, part%cu]ar]y fulure prices, they do not restrict me. from notiqg what
is alreédy on the record. Part of that record is that the price buyers in
‘the U.S. last year were willing to pay for spot deliveries was $35 per
pound OkagOS. This compares to a $15 spol delivery price in 1974, As to
the impact of future price increases or decreases, a change of $10 per pound
in what a utility has to pay for yellowcake has recently been calculated to
pquate to a éhange of 0.96 mills per kwh in the cost of nuclear generated
electricity at the bus bar. The other observation that might be made abouf
prices is that as further exploration proves out additional reserves, as the
uranium producers become willing again to enter into Tong-term supply con-
Lracts, and as restrictiong are removed on the import of uranium, the U.S.
buyer should be able to anticipate greater stability in uranium pricing than
has been the case during the past couple of years.

Enrichment Capacity

I suspect the members of the JAIF have followed recenl events on the
U.S. uranium cnrichmonhiscono as closely, i nol more closely, than have
the members of the U.S. Forum. Hence, there may be 1itlle T can add to your
assessment of the problem or to your best guess as to when and how it will
be resolved. 1 say "guess" because at this stage, there is still ample
room for specu?ation as to what is going Lo happen and in what time frame.
In capsule form, Lhe problem shapes up ‘as follows. [RDA's three Qxiﬁtiﬁq

qaseous diffusion facilities at Oak Ridge, Tennessee, Paducah, Kentucky, and

Portsmouth, Ohio will have a combined capacity to support the enrichment needs
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of 290,000 Mwe of nuclear power plant capacity without plutonium recycle
and 350,000 Mwe of capacity with plutonium recycle. These numbers assume
installation of a cascade involvement program (CIP) and a cascade upgrading
prégram (cupy, both of which I understand are proceeding on schedule, that
will bring the combined annual capacity of the three plants up from 17?2
to 27.7 million separative work units (SWU.) It also assumes that the
1,300 Mwe of additional input power required to achieve the 10.5 million
SWU CIP/CUP addition will be available as needed. I'm not sure that we
have yet been told that all of this additional 1,300 Mwe is under contract.
The capacity numbers also assume an equilibrium operating tails assay of
0.3% U-235. ERDA calculates that by raising the ﬁai1s assay to 0.36%
U~235, it coQ]d increase the output capacity by about 10%, that is, up to
where it céu]d éupport 320,000 Mwe of nuclear power plant capacity without
plutonium recycle. '

Against this capability, ERDA now has contract commitments to supply
sepé%ative work for 329,000 Mwe of nuciear power capacity. This ﬁumber
includes 208,000 Mwe of U.S. nuclear power plants and 1?],000 Mwo of over-
seas plaéts. Although these numbers indicale a deficil in cnrichment
capacity equivalent to about 9,000 Mwe of nuclear power plant capacity,
ERDA points out that its confracts to supply enrichment servicés for 14,000
~ Mwe of overseas capacity ave contingent on those plants being able to
recycle plutonium. Even so, ERDA tends to Took upon its’contract commi t-
ments to supply enrichment services for 329,000 Mwe of nuclear power plant.
capacity as an ”over~commitmcntf of sorts since it is not sure that the
utilities will be able to acqui%e sufficient quantities of uranium to make

up the extra feed to operate the plants at 0.36%7 U-235 tails.



In ény event, ERDA is accepting no more purchase orders for separative
work. It expécts such additional requests to start coming in about T§85~85.

As to how additional requirements‘For separative work will be met, the
Administration hopes that §he Nuclear Fuel Assurance Act, now pendingdbefore
the Congress, will be enacted, thereby permitting private companies to get
into the enrichment business and serve .the needs of all new orders for
separative work. ERDA‘haS already accepted as a basis for further negotia-
tion, proposals from Uranium Enrichment Associates to build a 9 million SWU
gasedus diffusion plant and from three other organizations to build smaller
ceﬁtrifuge enrichment plants, all on a modular basis. Centaur Associates,
Exxon Nuclear and Garrett Corp. each hope to have their first modules in
operation in 1981. Centaur's first module will have an output of 300,000
SNU‘s,‘Garfett’s will be.SS0,000 SWU's, and Exxon's will be 1 mi?liontSHU‘s..
Each of the three plaﬁts will be expandable to 3 million SWU's capacity.

The !“\dministmtiw\ is ’giving; very strong supporl Lo passage of Lhe
legislation. Perhaps the most fecent evidence of this to come to puﬁ]ic
attention is that last month it withdrew a requeét for design money in the |
FY 1976 budget for an add-on at the Portsmouth plant. "Most, althoughvnot |
~all, of the companies that comprise the U.S. nuclear -industry support the
bill and both the Forum and the Edison Electric Institute have indicated
their strong enderéement to the Joint Committee on Atomic Energy.

As this paper was being coméfeted, it was being,rumored’about Nasﬁinéton
that the bill's chanceg of passége during the present session of Congress
were reasonably good although(there seened to be Tittle chance of action on
any other nuclear-related ]égis?ation during this election year. If the
bill is passed, I would expect to see an effort made to speed up the negoti-
atjoné between the industry spoﬁsors of the four proposed private facilities

H
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and ERDA in order to complete them in time to bring them before the Congress
before it@adjourns. [f the bill dsn't passed, it is difficult to speculate
on what sequence of steps will next be taken by either government or the
industry. In any event, the Forum's international conference on uranium
enrichment, to be held in New York next June 6-9, should prove to be édmos£

interesting and informative meeting.

Closing the Fuel Cycle

When one speaks of closing the nuclear fucl cycle, he is usually refer-
ring to the so-called back-end of the cycle, that is, roso]viné Lhe prabloms
that attend the reprocessing of dirvadiated Tuel, recovering the unspent
uranium and bred plutonium values, recycling the recovered uranium and plu-
tonium as mixed oxide fuel, and dispdsing of the other product of reproces-
sing, namely the’%ission wastes. ”These problems are so interrelated'that
all of them must be solved in the same time frame to realize the economic
benefits of reprocessing.

I m%ght,insert here the observation that notwitﬁstanding occasional
references to the contrary, the so-called "throw-away" fuel concept is not
a viable option today in the U.S. There is simply no regulatory criteria’
or justification for such a concept. Hence, roprnvns%jnq is a "must" accord-
ing to our current ground rules. The interim storage of irradiated fuel
prior to reprocessing is, of course, possiblé and it is an option that
nuclear utilities must use pending the availahility of commércia] reproces-
sing services. It is also an option that utilities may favor until the
issuc of plutonium recycle has‘bcen resolved and/or the price of uvanium
economically. justifies reprocessing.

To complicate further the closing of the fuel cycle, we must concurrently

solve the problem of transporting irradiated fuel and high Tevel wastes and



the problem of safeguarding plutonium against illicit diversion.

A cursory assessment might Tead one to conclude that each of these
problems should be resolvable by a straightforward and sound engineering
approach. Indeed,~the record would appear to support such a conclusioni;

For example, we have been successfully reprocessing reactor fuel at govern-
ment installations at Hanford, Idaﬁo Falls and Savannah River for years and
we successfully reproceséed commercial reactor fuel at West Valley for more
than five years. ‘A prevequisite to these operations was the successful
transport of irradiated fuel, albeit not in the same quantitiesknor thréugh~
out the same geographic domains as wouid be involved in large-scale commer-
cial operations. We have successfully stored high level radioactive wastes,
albeit not without occasional unnecessary tank leakage that led to some bad
press but in no instance to any 1anr& of workers or the public or tb any
adverse impact on the environment. We have also amassed considerable data
on the technical feasibility of ultimately disposing of high-Tevel radio-
active wastes in underground salt formations. And Tinally, hoih the civilian
nuclear industry and the military have moved significant quantities of A
special nuclear mate;ials around thé world without a single act;of diversion
coming to public attention.

whai,'then, is the problem? Why is it that after this experience and
after industry has invested millions of dollars in reprocessing facilities,
one reprocessing plant is having difficultics in getting a construction
pormi L Lo expamnd ils Pacililies qnd’nnnthvr virtually compleled ;vprnvvﬂsinq
- plant is having difficulties in getting an operaling Ticense?

The -answer in large measure, in my opinion, ]i?s in the indecisions on

the part of NRC, ERDA, and before them, AEC. Perhaps also the industry has



not been sufficiently involved in coming up with anéwers for‘the questions
that remain outstanding. ’

What are these unanswered questions?

First, Tet's *look at what is already on the books in the way of regula-
tory guidance. A rule, published by’thﬁ AEC in 1970, includes, among others,
the following provisions: . (1) a fuel reprocessing plant's inventory of high;
level liquid radioactive wastes must be Timited to that produced in the prior
five years; (2) in compliance with this ’invontmﬁy Timitation, such Tiguid
wastes must be converted to a dry solid and put into scaled containers; and
(3) all such canned dry waste must be transferred to a federal repository
within ten years following initial separation of .the fission products. Beyond
this, the rule says that the dry solid form of waste must be chemically, |
thermally, and radiolytically stable‘and that equipment to convert liquid
wastes to solid fprm must be installed in reprocessing plants at theuearliest
practicable date. ’

But the rule is not definitive on what wastes will be included within
the high-level cateqory. HNor does it indicatbkprncisniy what solid Torms will
be accepted by the federal repository. Undcr;these cifcumélanceg,¢it is under-
standable that reprocessors haQe not yet committed the capitaﬁ funds for
facilities to convert the liguid wastes to solid form.

Another unanswered question is whether the solidified wastes should be
disposed of in underground salt beds or as an interim measure, stored in

surface enginecred facilitics. There has been much discussion on this queslion

over the-past five years both within and outside the nuclear industry. And it
has proved difficult during the mény debates that have taken place to keep »

political and emotional considerations from not completely masking technical



issues and options. Currvntly,‘ﬁRDAAis opting for diﬁpﬂﬁﬂi‘in underground sall
beds.

The frustration of not being able to deal with the problem on a strict
technical rational®e was reflected fecent?y by former AEC Commissioner William
0. Doub when he said: "For 15 years the issue has been studied. The technol-
ogy and methodology for the handling of this problem is we?} known. There is
simply no rational reason why the decision cannot be made, and I agree with
every critic of nuclear power who is demanding an early announcement of the

answer to this question.”

Another thing holding up the closing of the fuel cycle is Fo§01vinq'
the question of whalt to do wilh the plutonium. There is no qubqtion aboult
the technical feasibility of using plutonium in mixed oxide as recycle
fuel in light water reactors. The technology has been adequately estab-
Tished. There may be some question about the ecbnomicAmerits of plutonium
recycle but it scems Lo me thdt‘the answer Lo this question ds more a
matter of Liming than substance.  Adwilledly, a ulibity is nol going Lo
séend the money to have its irradiated fue?lreprocessed and the recovered
plutonium incorporated into recycle fuel unless it believes that it is
going to get out of the fuel more value than it put into having the plutonium
separated out and fabricated. Surely aS'fhe cost of uranium and enrichmnent
continues to go up, reprocessing will become moreeand more attractive.

The principal problem here is one of safeguards. It is a problem that

obviously will.warrant increased attention as the use of plutonium in mixed
oxide fuel becomes more widespread. Tt is also a problem that obviously has

received a lot more attention as a result of the rash of terrorist activitics

that have taken place around the world in the last few years. But, it is



also a problem that lends itself to satisfactory resolution if it is rational-
ly defined. Liké problems in the reactor safety arca, however, it can be
magnified beyond all reason by repeated unreal "what if" scenarios of specu-
lation. " y

It was on the issue of safeqguards that the Council on Unviromnmental
Quality challenged AEC’s.qenerié environmental impéct statement on the
use of mixed oxide fuel, the so-called GESMO. This Ted to NRC's:-interim
decision of Tast May which said, in essence, that il would hold up all
related licensing until wid-1978, by which time it would have completed
an exhaustive study onrsafeguards, convened public hearings on its find-
ings, and reached a final decision on the matter. Industry's immediate
reaction, Toud and clear, was that this degree of conservatism was
totally unnecessary in view of the extremely small amounts of plutonium
that would be in the pipeline up to the mfd-]@?ﬂ date and in view 0% the
number of long lead Uime industry actions thal would have Lo be held up
pending the decisfon. NRC has now said it should be able to speed up its
final decision to early 1977, and that in the interim it will proceed .
with the Ticensing review of applications for reprocessing plants and
related facilities.

NRC's mid-November decision has sihce been challenged in the courts
by the National Resources Defense Council and the Attorney Génera7 of the
State of New York. Although no pﬁrposé wou ld appear to be served by
speculating on the outcome of that case, it might be noted that: (1) the
HNRC has already published LHD schedute and procedures Tor the hearings il
will hold on the matter, thus answering, in part, one of NRDC's complaints;

(2) the attorney rvepresenting NRDC has Tikened the NRC's mid-November



decision to AEC's 1969 decision that resulted in the Calvert Cliffs court
case, apparently wilthoul Lalking into account thalt the MNRC decision on
plutonium recycle was made in Tight of the Calvert C1if7s experience; and
(3) the industry has evidenced its strong support of the NRC decision with
two reprocessing firms, two NSSS manufacturers and two utility groups,
representing mdre than a dozen individual utitity firms, secking to inter--
vene. The court has adopted én accelerated schedule for the case; hence,
it may not be too long before we have a dccésion‘

The industry believes that current safequards measures are adequate
for today's circumstances, given the type and quantitics of special nuclear
materials now in use. 1t believes that future modif{cations of today's
safequards measures should be based on a graded system, Lhat is, on a
system that recognizes that measures appropriate for safeguarding Tow
enriched U-235 do not need to be of the same type and same degree of
sophistication as those Qsed in safequarding plutonium. The industry is
fully prepared to accept its share of responsibilily., along with government,
in detecting and preventing theft, sabotage and*pro]ifordtion of weapons
capability. Tt Tooks to upgrading physical and personnel sccurily measures,
accountabilily and materials monitoring measures, and commmicalions
measures for providing the kind of saféguards circumsbances may reasonably
dictate.

Public Acceplance

We now return Lo what 1 identificd carlicr in this paper a3~the’most
critical problen conlfronting the nuclear industiry at this time - Qinning
public confidence in nuclear power. I say "winning" because I mean

exactly that. There is in the states a small vocal minority with the



avowed purpose of halting nuclear power within the next five years, This
group, led by Ralph Nader who says that nuclear power is unsafe, unneces-
sary and uneconomic, is using a variety of tactics to accomplish its
objectives. -

Atthough T would be the first to.admit that [ don't understand their
notivations, it is clear to me that if they succeed, the American public
will be the loser. There is simply no way that we can meet our electric
power requirements during the next 25 years wilthout nuclear power. T am
certain that the public will eventually become convinced of this. What
is much Tess clear, however, is what irreparable damﬁqo wi1}{thege critics
have done to the cause of ecnergy independence befare that date arrives |
and what will they conclude they have accompliished in the process.

Today's critic is a different adversary than he was just a few years
ago when he was intervening in individual licensing cases. At that time,
he was attempting to convince hearing boards that a proposed reactor was.
not properly designed and that the public would be exposed to excessive
amounts of radiation if the plant were a]]ﬁwed to be built and operate.
Not having the facts on his side, he couldn't hope to achieve much other
~than to.delay the proceedings and run up the cost of the nuclear plant.

In some instances, he did succeed in doing that.

Next, the nuclear ciilic turned to the state Tegislatures, seeking
the passage of nuclear movatorium bills at Lhe state level. Agaip, his
S success was minimn}. M though 36 anLi—nuéTcnr hills were introduced in
moro Lhaﬁ 20 states during the past year, only lwo stales, Vermont and

New York, have passed vestrictive legislation. Vermonl now vequives
Teqgislative approval of the construction of any power reactor and New

York imposes specific restrictions on ‘the Tocation of nnclear facilitins,



Rather recently, the critics have turned to a new strateqy. The initia-
tive process. TIn same 22 of the 50 states, it is possible with the collection
of sufficient signatures to have an issue put Lo vote in a statewide referen-

dum.

»
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The first and most serious initiative threat is centered in Ca1{farnia.
The vote there will come in June and at this point it appears that it could
go either way. A statewide survey made last November involving 570 personal
interviews indicated that 457 of the registercd voters were aware of the
initiative. Of these some 197 favored the initiative, 18% opposed it, and
8% were undecided. The pollster who made the survey pointed out that a 45%
awareness level is very high compared to other initiative efforts over the
last 30 years.

In "the next coupie of months, we can expecl to see an acceleration of
activity on the part of those favoring as well as opposing the initiative..
I would hope that before the citizens of California acLﬁaI]y qo Lo the polls
they will give some further thought to the‘imeications of the initiative if
it were to pass. Among them are: (1) its poténtial economic and environmental
effects are unkhown;'(z) contrary to what its proponents claim, there is a
close relationship between energy, standard of Tiving and jobs and this is
particu]ar]y4sp in California which already imports about 58% of its energy,
compared to the national average of 18%; and (3) if passed} it would be
extremely difficult to reverse since fhe criteria that woufd have to be.
met to allow California utilities to opt for nuclear power in the future
are so vaque as to defy proof that they can be met. |

An additional threat of the California initiative if passed is that

before its adQerse impact could be fully understood or felt, it would
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provide the impetus for other initiatives to be passed. And although it
is difficult to believe that initiatives in othér states will be as 5ad1y
worded and for this reason as insidious and miéchievous, this doesn't
exactly classify Lhem as being jh the public interest. The initiativeuhaé
already qualified to be on the ballot next year in onc other state, signa-
tures aré*being collected towards that objective in seven states, and
initiatives are being drafted in three states. In only one state, thus far,
weretthe critics unable to collect enough siqnatu}es, but this may prove
significant because an all-out drivé was made to reach Lthe required GD.OOD
total.

- The proponents of these initiatives.are primarily using thg arguments:
(1) that radioactive waste management has not been demonstrated; (2) that
full-scale safety systems have not been tested, won't work, and that if the -
industry thought they would there would be no need for Price-Anderson
indemnity; and (3) that nuclear power is not economic and not needed and
that we can meet our future enerqgy needs by a comhinéhinn of conservation and
solar energy.

One of the facts that the initiative effort has tended to underscore is
that the demise of the Atomic Energy Commissibn created an information vacuum
that has not, and in the near-term probably will not, be filled. The Nuclear
Regulatory Commission is functioning strictly as a regulatory agency. This
is as it should he; The Energy Resecarch and Development Administrntinn‘h§9
to be concerned with all energy technologies and hence, it can't be the
nuclear champion the ALC used Lo be. The fedor§1 Fnerqy Administratiﬁn.
recently set'hp a pro-nuclear group within its staff, bul this move ran into

the opposition of a Congressional committee and had to be disbanded. There
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also exists in Washington another vacuum created by the recent retirement
of some of the most knowledgeable energy leadership in the Congress.

[ would be remiss in describing the nuclear public acceptance probiem
if I failed to mention the all-important role being played by the news
med%a, both written and electronic. Although the majority of the media makes
an honest attempt to be neutral in the céntroversy, the American press --
and -1 suspect to some extent this applies to the media in other parts of the
world as well -- operates on the working principle that “"bad news" is news-

worthy and "good news" is not. Too often, this rule of Lhumb doesn't

permit extensive coverage of the‘routinc “onrything is going well™ story,

The industry, through the Forum and with ﬁhe assistance of a number of
other associations, is taking a much more active role in generating and
disseminating information., It is essential that the decision makers have
all the information available, not'just what‘pours in from the nuclear
opposition. Our thesis is that the non-technical segments of our so&iety,
‘the public, the politicians and the press, who must ullimately make fhu
“broad policy decisions, should do so on the basis of the best and most
complete information at hand.. It‘is, the;efore, the responsibility of the
scientists,‘engineers and otheré who comprise the nuclear industry to
speak out and we are urging them to do this.

I am optimistic about the Tong term future of nuclear power if for
-no other reason than I believe in the innate intelligence of the average
citizen to recognize what is in his own best interests. And although it

wouldn't be unpleasant to return to "the good old days" to which I réferred

at the beginning of this paper;‘optimism and faith in our fellow man, along
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with a lot of hard work, should make it possible for us to meet the

challenge ahead.
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In view of the recent reorganization of the regulatory structure in
Japan and the proposal submitted by the Prime Minister for splitting the
Japan Atomic Energy Commission into two commissions, I would like to
share with you our experience in the United States during the first year
following the reorganization of our Atomic Energy Commission. I hope
that my discussion of our experience will help you in deciding on the
organizational structures needed to meet the regulatory objectives of
your country.

The Energy Reorganization Act of 1974

As my colleague Commissioner Rowden described for you -~ exactly one
year ago -~ the Energy Reorganization Act of 1974, which went into
effect in January 1975, abolished the Atomic Energy Commission and
divided its functions between two new independent agencies, tne Nuclear
Regulatory Commission (MNRC) and the Energy Research and Development
Agency (ERDA). The Act affirmed U.S. national policy, "to develop, and
increase the efficiency and reliability of use of all energy sources to
meet the needs of present and future generations.” Consistent with this
policy, the Federal Budget, proposed by the President and approved by
the Congress, includes substantial support for nuclear energy develop-
ment and regulation.




A basic intent of the law was to create a strong regulatory agency unimpeded
by competing or conflicting responsibilities and indpendent of other govern-
mental bodies. The law did not provide for either Exeuctive approval or
veto of NRC decisions. As we interpret our mandate, NRC has no responsibility
to promote the nuclear option or to assure that the nuclear industry is
economically profitable, or to arbitrarily restrain governmental and
industrial development. Our responsibilities are to be certain that NRC
regulatory actions provide for the common defense and security, that licensed
nuclear plants do not constitute an undue risk to the public health, and

that their construction and operation satisfy environmental protection and
antitrust Taws. We believe our decisions have been made without bias,

either towards promotion or restraint of nuclear energy developemnt and
utilization.

In addition to creating an independent regulatory body, the Energy Reorganizatiun
Act, by dividing the functions of the former Atomic Energy Commission -
between two new independent agencies, created a more practical structure.
Under the previously existing law, the Atomic Energy Commission has authority
over a broad range of activities -- including research and development of
nuclear energy sources, production of nuclear materials, support of certain
military programs, regulation and licensing of nuclear facilities and
materials, participation in international cooperation agreements. Ten
years ago, when the nuclear industry was really first beginning, a single
commission could deal effectively with all of these activities. Today,
however, with 58 Ticensed nuclear power plants operating and about one
hundred under Ticensing review, the Commission would find it difficult to
be fully effective in discharging our regulatory responsibiities in the
nuclear power field and still have sufficient time to devote to the other
items in the former AEC agenda. Your recent decision to reorganize was
probably stimulated by the same growth phenomena. According to published
data, ten nuclear plants in Japan generated about 1.75 million megawatt-
hours of electrical energy during the month of December 1975. With these
operating units plus the many other units under construction or planned for
Japan, your regulatory burgen is now substantial, and the need is apparent
for considering modification of the organizational structure which has
served for the early development of nuclear power in Japan.

The Reorganization Act transferred to the Nuclear Regulatory Commission all
the Ticensing and related regulatory functions of the former Atomic Energy
Commission as well as the responsibility for supporting research needed to
perform these functions. The Act also required the NRC to submit, within
one year, reports on nuclear energy centers and on the need for a Federal
Security Agency. ERDA was made responsible for all other functions of the
“former AEC and for the direction of governmental activities relating to



research and development of other energy sources -- activities which had
been conducted by other agencies. To perform the latter functions, certain
other governmental organizations were transferred to ERDA.

Careful study of the Reorganization Act reveals how it reflects public and
congressional concerns over recent nuclear developments. Congress intended
to create a strong and independent regulatory agency in the nuclear energy
field, with no promotional functions. This intent reflected concerns over
the apparent erosion of public confidence in nuclear regulation. It prob-
ably was also intended to be responsive to allegations of AEC bias in regula-
tory decisions.

The Reorganization Act also appears to have been responsive to public
apprehension over increased terrorist and other anti-social acts. The Act
mandated a specific NRC organization to direct nuclear safeguards activities.
The NRC is assigned specific nuclear safeguards tasks -- including the develop-
ment of contingency plans for dealing with threats, thefts, and sabotage
relating to nuclear materials and facilities and the publication of a security
agency study.

To assure that the NRC has the information needed to perform its regulatory
functions, the Act provides for the NRC to engage in, or contract for, research
which the Commission deems necessary for the performance of its licensing
and related functions, -- called "confirmatory research." Moreover, ERDA
and other governmental agencies are required by the Reorganization Act to
cooperate with NRC in planning and conducting this confirmatory research.
Another evidence of response to public anxieties over nuclear plant safety
is the Act's requirement that the NRC submit quarterly reports to Congress
on "abnormal occurrences" -- defined in the Act as "an unscheduled event or
incident which the Commission determines is significant from the standpoint
of public health and safety."

The Reorganization Act left intact many of the regulatory structures and
activities from the former AEC. Proposed licensing actions are still
considered in public hearings before an Atomic Safety and Licensing Board.
The review of Licensing Board decisions by an Appeal Board and Commission
reviews of Board decisions have not been changed by the Reorganization Act.
The Advisory Committee on Reactor Safeguards continues to provide an inde-
pendent review and assessment of nuclear safety and the Ticensing of nuclear
facilities. 1In view of its probable interest to you, I should point out
that the NRC was assigned the AEC's responsibilities for issuing licenses
for export and import of nuclear materials, equipment and technology. We
are carrying out these responsibilities in close consultation with other
agencies, such as the Department of State, the Atomic Control and Disarama-
ment Agency, and ERDA.



Nuciear Regulatory Commission Organizatioh

The organizational framework established by the Energy Reorganization Act
was described by Commissioner Rowden in some detail last year. The Nuclear
Regulatory Commission has five Commissioners, as did the former Atomic
Energy Commission. (Because of the difference between the organizational
requirements for administering a research and development program and
administering a regulatory body, the head of the Energy Research and
Development Administration is a single individual, the Administrator.)

Day-to-day activities of the Nuclear Regulatory Commission are an Executive
Director for Operations who has a staff of about 2000 employees organized
into five major offices -- Standards Development (SD), Nuclear Materials
Safety and Safeguards (NMSS), Nuclear Reactor Regulation (NRR), Nuclear
Regulatory Research (RES), Inspection and Enforcement (I&E) -- plus techni-
cal support and administrative offices. This separation of responsibilities
follows previous patterns. While we have made a few changes, my colleagues
and I on the Commission are pleased with the general organizational structure
as an effective means to accomplish the tasks we face. (A copy of the
latest NRC organization chart is attached.)

During the past year, we have made a few changes in the organization within
the five major offices. One which I believe may be of interest to you con-
cerns the review and evaluation of proposed sites. As you know, each pro-
posed site has to be considered in terms of safety and the environment. We
ask two basic questions. First, can a nuclear plant be constructed on the
site and operated safely, or are there natural conditions -- such as earth-
quakes, floods, tornadoes -- or nearby human activities - such as airports,
refineries, transportation corridors, concentrations of population -- which
may make the site unsuitable? Second, if a plant is constructed and opera-
ed on the site, will its effects on the environment be unacceptable even
when balanced against the benefits derived from the plant? In the past,
response to the site safety question has been assigned to one organiza-
tional unit (Division of Technical Review) and the response to the environ-
ment question to another unit (Division of Reactor Licensing).

Now, all aspects of siting are reviewed and evaluated in one division
within the Office of Nuclear Reactor Regulation, the Division of Safety and
Environmental Analysis. We believe this is a more efficient organizational
structure.

I should note that specialists in siting -- such as geologists, hydrologists,
econogists, soil engineers, meteorologists, augatic biologists, demographers,
seismologists -- are concentrated in the reactor regulating part of the NRC
because there are so many more reactors than other types of nuclear facilities.
Moreover, power plant siting usually requires extensive analysis in view
of the sensitivity of nucliear reactors to environmental factors.



The organization of a regulatory body must keep pace with changes in the
activities that are being regulated. Because of the increasing number
of operating nuclear power reactors, the NRC staff assigned to licensing
activiteis for operating reactors doubled during the period from early
1974 through 1975. Last year, we responded to this growth by creating

a Division of Operating Reactors. This division is devoted to assessing
and assuring, on a continuing basis, the safety of operating reactors.
In addition, it is responsible for seeing that information on operating
experiences and incidents is fed back into the licensing program and to
other operating plants. We consider this feedback function to be extremely
important. The benefits of "learning from experience" are obvious.

Our organizational structure for safeguards functions may also be of interest.
In NRC, we have combined within one organizational unit, the Office of
Nuclear Materials Safety and Safeguards, the function of regulating facili-
ties associated with the processing, transport, and handling of nulcear
materials with the function of providing and maintaining safeguards against
threats to those facilities. We believe this arrangement is more appropri-
ate than placing the safeguards organization under the Office of Nuclear
Reactor Regulation, because a nuclear power plant provides relatively few
opportunities for theft or diversion of nuclear materials in comparison to
the opportunities provided in transporting nuclear fuels, reprocessing
spent fuels, and fabricating new fuels.

Before concluding my remarks on the organizational structure of NRC that
handles technical issues, I should point out that even though most of the
siting specialists are part of the reactor regulating organization, they

do perform specific siting reviews and evaluation for other NRC offices such
as fuel plants which are Ticensed by NMSS. Similarly, the safeguards
specialists in NMSS perform safeguards reviews and evaluations for other NRC
offices, such as nuclear power plants for which NRR has overall responsibility.

NRC Relationship with ERDA

The NRC has a useful and continuing relationship with ERDA. While the Energy
Reorganization Act gives NRC authority to conduct confirmatory research,
Congress indicated that the NRC should avoid duplication of existing govern-
mental Taboratories and should not develop its own facitilities. As a
consequence, a large part of the NRC confirmatory research effort is con-
ducted at ERDA-owned facilities. In addition to funding the work, we partici-
‘pate in the design of experiments and facilities -- all in close cooperation
with ERDA and ERDA contractors. There have been some administrative problems
in adjusting to this dual arrangement, but because of the technical sophisti-
cation required by many of the research projects which are needed to support
regulatory functions, sharing facilities with ERDA should have hoth schedule
and cost advantages.



NRC supports and participates in the technical supervision and work

being carried out for us at ERDA-managed national laboratories relating
to: research and engineering projects on Tight-water-reactor safety,
environmental impact assessment of proposed nuclear facilities, research
relevant to development of more effective safeguards and physical security
measures, safety of advanced reactors for which we anticipate license
applications in the near future, and studies to improve our basic under-
standing of safety and environmental issues relevant to our regulatory
activities.

The Nuclear Regulatory Commission also has safety and regulatory responsi-
bilities with respect to several of ERDA's functions. The NRC licenses
many commercial plants that supply nuclear materials to ERDA activities,

as for example, the fabrication of the nuclear fuels of the naval reactors
program. Under the Energy Reorganization Act, we are specifically responsible
- for Tlicensing each ERDA demonstration reactor, such as the Clinch River
Breeder Reactor. ERDA 1is developing a 1ong-term radioactive waste manage-
ment program and NRC will be responsible for licensing projects which pro-
ceed past the research stage. Through these licensing responsibilities, the
pubtic is assured of an independent review of those actions of ERDA which
may affect the commercial uses of nuclear power. We also participate with
ERDA in many phases of international programs on civilian uses of nuclear
energy. :

NRC Relationships with other Federal and State Agencies

Because the construction and operation of a nulcear facility usually involves
routine releases of waterborne and airborne effluents and, in the case of
nucltear power plants, the release of heated water and air, the U.S.
Environmental Protection Agency (EPA) is involved. EPA is part of the
Executive Branch of our government and has broad authority over the control
of air and water pollution and exercises this authority, in part, by estab-
lishing guidelines and standards for control of pollutants and by issuance

of discharge permits. Without proper discharge permits, a plant licensed

by the NRC would be unable to operated.

In some areas EPA's several responsibilities for protecting the environment
from all types of plant effluents and NRC's responsibilities for effluents
from nuclear plants appear to overlap, but we have made considerable progress
during our first year in reducing the possible complications related to dis-
charge permits. Specifically, we have concluded a second Memorandum of
Understanding with EPA clarifying our respective regulatory and jurisdictional
responsibiTities. OQOur basic intent is to minimize overlapping reviews and



duplicative public hearings. As an example, we are making every effort

to see that applicants supply us with sufficient information on the proposed
facility to meet the NRC reguirements for environmental impact assessment
and the EPA requirements for decisions on discharge permit issuance. Both
NRC and EPA are examining the same proposed facility and the same environ-
mental setting; the advantages of cooperation and joint efforts are obvious.

Similarly, the multi-faceted governmental Structure in place at both the
federal and state levels in the United States creates NRC interfaces with
other governmental agencies. The proposal to construct offshore nuclear
power stations, for example, brings us into contact with the Coast Guard
and the Army Corps of Engineers. I won't go into detail concerning these
interfaces, as they may not be particularly relevant to nuclear plant regqu-
Tation in Japan. I will remark, however, that coordination of reviews and
responsibilities through development of formal Memoranda of Understanding
has required significant staff time during our first year of operation. We
consider it time well spent. Other government agencies have different missions
and different areas of expertise. Their participation in determining the
acceptable characteristics of one plant, its effluents and its interaction
with the environment, assures that the broadest range of public interests
is served.

We also have 50 separate state governments in the United States. Each of
these local bodies has some measure of control over facilities that are
permitted to be constructed and operated within its boundaries. HNRC preempts
state authority over radiological public health and safety, but treatment of
nonradiological aspects of public health and safety lies with the states.

There are 25 "Agreement States” where the NRC has given specific authority

to each state in the licensing of utilization of certain radiocactive materials.

Nuclear power plants operating, under construction or planned (as of December 37,
1975) are now located or are to be located in thirty-seven different states.
We have an increasing program of cooperation with the states. Our basic
objectives are to prepare the states to take on greater responsibilities in
controlling radioactive materials, to establish coordination in nuclear power
plant siting, and to maintain channels of communication with each state for
exchange of views and information on nuclear activities of mutual interest.
Again, the details of these efforts are probably of secondary interest out-
side the United States. Nevertheless, in any country where there are over-
lapping Jjurisdictions, nuclear regulation by a national body may require co-
ordination and cooperation with local or regional authorities.

During the first year of NRC operation, a single organizational unit ~- the
Office of International and State Programs -- handled NRC relationships
with other nations as well as with other states in the United States. Because



of the increasing involvement of the NRC in both domestic and inter-
national programs, we have recently decided to separate these functions
and replace the single unit by two organizational units, the Office of
International Programs and the Office of State Programs.

NRC Relationships with other Nations

As T noted earlier, the NRC issues licenses for the export and import of
nuclear facilities and materials as one part of our international activities.
We also participate in arrangements for exchange of information relevant to
nuclear regqulation and for cooperation in safety-related research. During
the past year, we have concluded four bilateral arrangements for information
exchange -- these are in addition to the five previously set up. The flow
of information is in both directions. We know that we have been helped in
our work by information we have received under these arrangements, and

we hope that others have found useful the information we have supplied.

Perhaps the NRC's most important international activity is cooperation in
reactor safety research. In addition to participating in a number of agree-
ments with other nations for information exchange, we have specific agree-
ments for cooperation in NRC research programs. The U.S. programs we con-
sider of particular value for multi-national participation are: the Loss-of-
Fluid Test (LOFT), the Power Burst Facility (PBF), the Plenum Fill Experiment
(PFE), and the Heavy Section Steel Technology (HSST) project. The newly
formed International Energy Agency (IEA) -- representing many European
industrial nations and Japan -- provides a suitable framework for cooperation
in these programs. In June 1975, the NRC and the Federal Republic of Germany
signed the first cooperative agreement under IEA. The agreement included
participation of technical experts in LOFT and a contribution to the program
costs. We are particularly gratified that, under recently completed arrange-
ments, Japan will participate in the LOFT and PBF projects.

The NRC has many contacts with the International Atomic Energy Agency (IAEA).
During the past year, experts on our staff have participated in IAEA's pro-
gram for the development of internationally acceptable guides and codes on
nuclear power plant siting, safety and reliability. We have also actively
supported efforts to strengthen international safeguards procedures and to
improve training of the technical and administrative personnel needed for
regulatory agencies.

Our first year's experience has reinforced our belief that nuclear regu]atory
bodies throughout the world must cooperate to assure that the production
of nuclear energy 1is carried out in a safe manner. International cooperation



should not only take the form of sharing experiences in the daily
activities of regulating and licensing nuclear facilities and materials,
but it should also include prompt international sharing of safety-related
information derived from operating nuclear facilities. A nuclear power
plant's performance is independent of its location in the world, and one
country's problem becomes every country's concern. We strongly urge

prompt international sharing of all information relevant to reactor safety.

NRC Staff Policies

There are almost 1200 technical and professional personnel on the staff
of the NRC's five major offices. You may have read about the recent
resignation of one of our professional staff, an engineer who participated
in the technical evaluation of proposals to construct and operate nuclear
power plants. Because his resignation has raised questions about our
regulatory practices and personnel policies, I believe a few comments are
in order.

Upon resigning the NRC engineer, at our request, submitted two reports
summarizing his position and his allegations with respect to deficiencies

in Tlicensing procedures and regulatory management. We reviewed the material
he presented and concluded that the safety issues raised were not new; they
had been raised before and they had been -~ and continue to be -- carefully
considered in Ticensing reviews. There was no need for an immediate change
in our regulatory procedures or any immediate action respecting plants
already Ticensed.

We have always encouraged the free flow of information and views throughout
our staff. As a regulatory agency, we expect there have been and there
always will be some differences of opinion within our staff. In Tact, we
view such differences of opinion as a positive indication of the depth and
thoroughness of our review. The technology we are regulating is complex

and changing. The issues are not always simple, and decision-making usually
requires mature engineering judgment. As a consequence, NRC procedures pro-
vide for resolution of differences of opinions within our staff and for
referral to higher management when resolution is not possible.

Before leaving this subject, I should Tike to comment on our review
procedures. We have published almost two hundred "Regulatory Guides,”
which are available to you. These describe the methods acceptable to the

- NRC staff of implementing specific parts of our regulations and the tech-"-
niques used by the staff in evaluating specific problems or postulated
accidents. The guides also provide guidance to applicants on such matters
as the content of safety analysis and environmental reports and the appli-
cation of industry codes and standards. We are convinced that issuance of
these guides is essential to our operation.



In addition -- and this is particularly relevant to the possibility of
diverse views within the regulatory staff -- we have published the "Standard
Review Plans" describing how the staff reviews each subsection of the
applicants' safety analysis reports. This 1400-page document details our
acceptance criteria and evaluation methods. We believe the Standard Review
Plans ensure that our reviews of proposed nuclear plants are complete and
that each plant is evaluated in the same way and according to the same
standards. It is, in a sense, a codification of regulatory staff licensing
practices.

The Standard Review Plans were prepared by the regulatory staff and approved
by regulatory management. Your regulatory body may find these plans of
interest. I should emphasize that management approval is essential in view
of the need to integrate the views of a staff including many different

areas of expertise. During the past year, we have strengthened the role of
management review by requiring that all proposed changes to NRC requirements
and practices -- including changes to Standard Review Plans -- be reviewed
and approved by a Regulatory Requirements Review Committee, a committee of
senior NRC officials.

NRC and the General Public

From our first year's experience, I can confirm that nuclear regulation in

the United States is strictly "public business." Public scrutiny of
regulatory decisions and public participation -- primarily through the
hearings NRC holds in connection with each major regulatory action -- is a

tradition in the United States and is necessary, not only to assure public
conficence, but to be certain that the public interest is considered in
regulatory decision-making.

Public sensitivity to the nuclear industry has varied. Six or seven years
ago, most public protestrations concerned the environment. Nuclear power
plants were accused of damaging aquatic Tife in the rivers, lakes and
estuaries and generally despoiling the natural environment. To a degree,
these earlier protests were justified. Some of the first nuclear power
plants were Tocated in areas where environmental degradation could not be
avoided. The designers of the plants had not given sufficient attention to
preserving environmental values.

This situation was altered by enactment of the National Environmental Policy
Act of 1969. The Act required the reguiatory agencies to give adequate
attention to environmental factors in their decision-making. The nuclear
industry was then required by the regulatory arm of the AEC to select sites
where the environmental impact of building and operating plants would be ‘
acceptable and to incorporate in plant designs engineering features to mitigate
environmental impacts. The result was that objections to nuclear plants based
on environmental considerations became less frequent.

_’]O_



The focus of public attention then turned from the environment to nuclear
safety. Reactor safety has always been a matter of public concern, but
never to the extent it is now. Prior to 1970 -- when only a few reactors
were operating and most of these were in remote areas -- few sectors of the
general public were affected by the reactors and few were even aware of
their operation. Today, with fifty-seven large nuclear reactors operating
in the United States, most of the public knows of their existence and an
appreciable fraction of the public have had direct contact with nuclear
power projects. '

Unfortunately, reactor safety is a complex technical subject, and public
understanding does not appear to have increased as the number of nuclear

plants has increased; it is, at best, fragmentary. In the absence of
understanding, the public becomes apprehensive. As a consequence, we now

have political movements in a number of our states directed towards banning

or suspending construction of new nuclear plants and operation of existing
plants. We are following these local moves towards "nuclear moratoriums"

with some concern because we find that public opinion is being influenced by
erroneous information relative to the safety of licensed nuclear facilities.

As a regulatory body of the Federal Government, we are not involved formally

in these state activities. However, we are making every effort to provide

all state bodies with the factual information they have requested in connection
with their consideration of proposed nuclear moratoriums. Public opinion

polls taken during the past year indicate only about 20% of the U.S. population
are opposed to nuclear power; however, these polls also show that, on many
specific issues, a large fraction of our population is uninformed and un-~
decided.

During our first year, the Commission and the regulatory staff have exerted
every effort to inform the public on nuclear safety. We and others have
issued comprehensive technical reports relating to reactor safety and to
the relative safety of alternatives to nuclear power. Although many of these
will not be read by the general public, we expect their content will be
transmitted to the public by the scientific and engineering community.

I am optimistic that public understanding will increase, even though the
rate of increase may be rather slow. In any case, because public under~
standing is essential to public confidence -- and public confidence is a
prerequisite to a viable nuclear industry -- we must continue the efforts
aimed at informing and educating the public.

Major NRC Reports

During 1975 and early this year, three important reports were issued. The
final report of the Reactor Safety Study -- the "Rasmussen Report" -- was
issued. This report is extremely valuable in putting reactor accident risk
in a valid quantitative setting. Moreover, I believe it establishes a
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precedent for future studies that may affect regulatory criteria throughout
the world. We want very much to make our regulatory requirements consistent
with the risk reduction they achieve. At present, we compensate for any
Timitations in quantitative data by imposing conservative regulations. More
studies of the scope and caliber of the Reactor Safety Study should enable
us to improve our regulatory criteria.

The report of the Nuclear Energy Center Site Survey was published in
January of this year. The general conclusion is that such centers are
technically feasible, although the economic and environmental advantages
are not decisive. The survey concluded that -- in some locations in the
United States -- construction of centers of up to twenty 1000-MiWe nuc1ear
power units is feasible and practical.

The about-to-be-released security agency study evaluates the need for a
Federal security force to perform safeguards functions. At present, safe-
guards measures at each nuclear facility are carried out by employees of
the facility operator. The general conclusion of the study is that there
is no clear advantage at this time to create a Federal security force for
the nuclear industry.

Technical Problems During First Year

During the past year the Commission has faced many problems. A brief review
of these may be useful to you in developing a perspective as to the range

of issues which a nuclear regulatory organization must be able to cope with
and to resolve.

Last year, Commissioner Rowden described to you the concern we had with the
appearance of cracks in stainless steel pipes in certain boiling water
reactors. The extent of cracking, although Timited, had safety implications
because it involved the reactor coolant system. An extensive investigation
identified the cause. As a result, affected pipes have been replaced and

a surveillance program instituted. NRC and-ERDA are sponsoring continuing
studies of the problem. The results of the studies are being made available
to all BWR operators -- including those here in Japan where similar cracks
have been observed.

Late in March 1975, there was a serious fire at the Browns Ferry nuclear
plant. The fire itself was Timited in extent but it involved the electrical
cables under the control room -- shared by two 1098-megawatt units -- and

one of the reactors. Because about 1600 electrical power and control circuits
were affected, some operating and safety systems were deactivated. Although
the units were safely shut down and maintained in a safe cooled condition

and there were no radiation exposures to plant personnel or the public, the
incident revealed weaknesses in fire prevention and fire control measures.
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A special NRC review group has recently issued a detailed report on the
Browns Ferry fire and has recommended certain NRC actions. The principal
recommendations were: greater attention should be paid to fire prevention
measures in nuclear plants; installation or upgrading of automatic, fixed
fire-fighting systems, such as water-sprinkler systems, should be seriously
considered in vulnerable nuclear plant areas; fire detection sensors that
detect combustion products should be installed; the existing criteria for
separation and isolation of redundant safety equipment need to be improved;
quality assurance programs of all nuclear power plant licensees should be
reviewed by NRC, and the NRC review should be upgraded to include explicit
evaiuation of fire protection, fire-fighting and provisions to maintain
important functions in spite of a fire. Implementation of these recom-
mendations should reduce the possibility of similar fires.

The Reactor Safety Study reviewed the consequences of the fire and concluded
that, given the Browns Ferry fire occurred, there was only one chance in
every five hundred such fires that a core meltdown would result. Their
review indicated that the predicted potential accident risks from all causes
were not greatly affected by consideration of the Browns Ferry fire. I
should remark here that this is just one example of how the Reactor Safety
Study and the methodology it presents can be used to evaluate the safety
implications of various incidents.

wear
Fuel box channel,is another problem area that has continued during the -
past year. Basically, it is caused by hydromechanical effects. Coolant
flow caused vibration in slender flux monitoring tubes in the reactor core,
which hit against the outside of fuel boxes and resulted in wear. Corrective
measures have been devised and implemented. Surveillance continues and
reactor core designers are developing permanent solutions to the problem.

Another problem recognized last year related to the pressure-suppression

type containments employed in some boiling water reactors. During NRC review
of advanced designs of such containments, unforeseen structural loads were
identified that could occur during certain large-pipe break loss-of-ccolant
accidents (LOCA). Conseguently, the structural adequacy of nuclear power
plants using the earlier designs was investigated by the plant owners, the
vendor, and the NRC staff. The vendor (General Electric) conducted a A
series of 1/12-scale model tests and determined dyanmic Toading and structural
responses for each plant. The analvsex nf 19 containments -- concluded early
this year -- revealed that in only one plant (Vermont Yankee) would there

be unacceptable 1ifting forces during the postulated LOCA. The operator of
the plant voluntarily shut down the plant January 26, 1976. Subsequently,
the operator proposed to increase the pressure difference between the wet-
well and dry-well to reduce the uplift forces and to install structural
restraints to resist the uplift forces. These proposals were accepted and
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and included as part of the restrictions set forth in the NRC's Order for
Modification of License which was issued on February 13, 1976. On February 27,
the other plants also increased the pressure difference between two contain-
ment vessels in order to increase the structural margin against downward forces,

The recent resignations of three senior engineers associated with General
Electric's nuclear activities came as a surprise to us. They expressed few
specific concerns on the safety of BWR designs; their concerns appeared to

be rather general and philosophical. For example, they expressed fear over
"the implications of a plutonium economy," maintenance of “the perfect human
and technical control needed for the long periods of time necessarily in-
volved in the highly toxic materials we are producing,” “the high risk of
political and human factors that will ultimately lead to the misuse of
(nuclear power) byproducts," the inability to “prevent major accidents

or acts of sabotage," "the ecological significance of the radioactive legacy,”
and "the technological reguirement for 100% human perfection.” They reas-
sured a Congressional inquiry that specific technical problems in their
specific areas of experience were solvable. In fact, you may find the exten-
sive testimony prepared by the NRC on reactor safety and licensing and pre-
sented at this inquiry to be a valuable reference on nuclear power plant
safety and regulatory procedures. The hearing record will be published by
the U.S. Joint Committee on Atomic Energy in the near future.

Retrospect and Prospect

The first year of NRC has been eventful. Our just-issued Annual Report
describes the issues that confronted us and the actions of the Commission
and the staff in responding to these issues. I should Tike to conclude by
offering a few comments that will reflect my personal views of the events
of the NRC's first year.

First, nuclear regulation is demanding. Some statistics may indicate why.
During 1975, almost an even one thousand formal items came before the
Commission for consideration. Some of these were reports of information,
others required consideration and formulation of policy, others required
review and approval. Few were trivial and few were so routine that they
could be scanned and filed. I don't have a score sheet for the regulations
we promulgated, but I do remember one that occupied many Commission-hours --
the "as Tow as practicable"” decision on routine releases of radioactive
effluents from nuclear power reactors. You will recall that this was a
Tandmark decision, one in which NRC required that an increase in cost of
radioactive effluent reduction must be related to the reduction in popula-
tion radiation exposure that is to be achieved. I hope that we will be
able to base more of our regulations on such quantitative "cost versus
benefits" criteria. :
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Second, the issues we must resolve are cften mixtures of technical and
nontechnical considerations. One that comes to mind is the plutonium
recycle problem. Technically, solutions are available. Reprocessing

spent fuels can be accomplished, and mixed oxide fuels can be fabricated

and used in light-water-reactors. Plutonium can be handled safely in
reprocessing and fuel manufacturing operations and can be transported
safely. But the nontechnical problems are substantial. What safeguards
measures must be taken to protect the recycled plutonium -- in the re-
processing plant, in the fuel fabrication facility, in transport? What
measure of security must be achieved by the safeguards? Who are the
terrorists or saboteurs against which the safeguards must be effective?
Definite and adequate responses to these and many other questions are

being prepared for presentation in public hearings and proceedings before

a decision on plutonium recycle can be made. The Commission and the staff
nave spent many hours on the plutonium recycle question. Because of the
urgency of resolving it -~ the answer has a significant effect on nuclear
resource plans -- we announced an accelerated schedule in November 1975.
Both the draft safeguards supplement to the generic environmental state-
ment on wide-scale use of mixed oxide fuels ("GESM0"), and the final generic
environmental statement on all non-safequards matters are in the final
stages of preparation. The proposed rules for public hearings were published
in January. We expect the public hearings to begin this fall and the final
decision to be made early next year. It is a Tengthy proceeding -- but then,
plutonium recycle is an important decision.

A third impression I have of the first year is a succession of occurrences
with sufficient safety implications to require careful Commission review,
evaluation, and decision. 1I've mentioned some of these earlier. What I
should Tike to point out here is that for many of these occurrences, the
Commission must decide -- usually before the available evidence is substantial --
whether the occurrence is generic, that is, whether what has been observed
ip one reactor 1is Tikely to occur in others. Then we have to respond to
such questions as: Should we shut down all reactors of similar design?
Should we let them continue to operate but reguire prompt inspection and
surveillance? Should we delay action until we have more information? The
spectrum of possible responses is broad, and the responsibility of making
the decision is challenging.

A final and most important impression I should 1ike to pass on, is my feeling
of optimism at the end of our first year. I am optimistic that nuclear
regulation is effective and will continue to be effective in protecting the
public health and safety and in preserving environmental values. All problems
that we have encountered to date have solutions. In spite of some setbacks
from time to time, I am optimistic that nuclear energy can be produced

safely for the benefit of humanity.
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Nuclear Bnergy Administiration

+in the Federal Republic of Germany

by Dr. W.~J. Schpmidt-Kister

Federal Ministry of Research and Techuology, Bonn, FRG.

J. History
The importance of peaceful use cf nuclear energy wes recognized in
Germany 20 years ago, initiated by the impression of the first Genevs
Conference. Immediaitely after sovereignity had been regained in 1955
a Ministry of Atomic Affairs was founded and already in 1956 the
construction of three nuclear research centers was initisted. During
the initisl period fundamental researchvwas promoted generously.

)

And only in the early 5Q0ico Government funding was concentrated

on those reactor lines which today are regarded throughout the world

as being the moszt efficient and meost promising for the immediate
future. Cn the basis of licences from Westinghouse and Genersl Ilectric
it was possible to calch up with the initial lead of other industri-
alized nations. This has been demnonstrated not only by the startup

of the world's largest nuclear power plant, the 1200 MWe Light water
reactor Biblis 4, but alsc by receiving orders from several other

countries. German nuclear industry has develored a competitive po-

siti

(')

n not only in the ares of light water reactor constructicn bu

alsc in the delivery of components for nuclear power stations and %o

a certain degree in the entire fuel cycle - from ureniuvm enrichment
i

fuel element fabracation and reprocesaing

radlosctive waste to the final dispcsal of radioactive wastes

-

!
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Sihce 1955, the Government of the Federal Republic df Germany has
spent about 16 billion German Marks on research ahd development in

all sectors of peaceful use of nuclear energy.

Today, nearly 10.000 People are working in government-supported nqu‘
lear research centers;~ln industry the number of personell amounts

to approximately 25.000. .

2a Goyernmental Prograﬁs

The energy policy of the Federal Republic of Germanyvis outlined in
the Goveranment's Energy Policy Programev It was decided in 1973 and
revised in October 19%4. The program aimes especially at reducing

the dependence on imported oil as fast as possible under economic

o b

considerations. For the medium and long term procurement of erergy

two main measures are foreseen:

- the slowing down of the increase of energy consumption as f&r as
possible without disturbing the eccnomic growth and

- the reduction of oil consumption and the development of &1l pro-
mising aiternative energy SOUrcess

fccording to the Government's Energy Program nuclear power plants

are expected to generate 45 % of the overall electricity supply in

1965. There is no doubt, thét for the FRG cnly this source of energy

cembpined with an increased consumpiion of natiral gas can lead to



:

¢/

a reduction of our dependence on oil from 55 % today to &b % in
1985. In order to achieve this goal, an installed capacity of nuclear
power plants of 20.000 Mie is foreseen at 1980 and 45.000 to 50.000

MWe at 1985, respectively.

In addition, particular efforts will be undertaken for the déVelop—
ment of new energy sources as well as the introdﬁction of new tech-
nologies for coal mining coal refining and enérgy conservaiiona
/covered

The activities in the are of energy R&D awr,at present,by a Nuclear
Program for the period from 1973 to 1976 and a Skeleton Program for
non~-nuclear Energy Research 1974 ~ 1977. Both the programs will be
combined during the course of this year in a new German Energy Ref
search Program for a 4 year period (1977 - 1980). At the moment
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Wwe are preparing this program. In the nuclear field R&D activitiesv

in Germany are mainly concentrated on

- the development of two advanced reactor-systems including fuel
cycle; the sodium cooled fast breeder reactor and the high tempe-
rature reactor,

-~ the nuclear fuel cycle for light water reactors,

- reactor safety research including radiation protection

- nuclear fusion, as a basis for long term mergy procurement.

The main objectives of the non-nuclear R&D are

- the developnent of new energy sources such asg solar energy, wind



energy, geothermal energy and ofthers,
- coal gasification and liguefaction,
- coal mining engineering and coal handling technologies,
~'dévelopment of {echnologies for prospection and production of
oil and-nétural gas
- transformation, transport and storage of energy,

- rational utilization of energy.

%, Nuclear Energy Administration

In the FRCG the development and introduction of nuclear energy was
performed by three partners: Government; industry and nuclear re-
search centers. What is the role of each of these partners? First
the role of the Government. During the early yeers of nuclear cnergy
2 single ministry was responsible‘both for the promction of nuciear

. 8

technologies and for regulatory questions.

But relatively early in 1972 we decided to separate these functions,
because we expected more liberty of action and more credibility in
the public. As a result of this reorganisation, today the responsi-
bilities for development and licencing of nuclear energy systeus

are shared between two agencies: the Federal Ministry of Resezrch
and Technology for the promotion and the Federal Ministry of the
Interior for regulatory questions. A development, which seems to

be followed by other nations as for example the United States, where

the AEC was split into ERDA and NRC.

-9



The main task of the Federal Ministry of Research and Technclogy
is the execuion and implementation of R&D-programs whereas regula-
toxry aspects of nuclear energy are being handled by the Federal

Ministry of Interior and the regional Statle quernments.

This separation of Government's responsibilitie$ with regard to nuc-
lear energy has been pradominatéd by two reasons! the public accep-~
tance of nuclear energy and the necesséty to make the conflict bet~
ween promotors and fegulaiors of nuclear energy more transparent.
Today, there is-unanimous judgement, that this concept has proven

to be really valuable.

Nevertheless, the nuclear controversy plays an important role in
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the Federal Republic of Germany. The Federal Government has therefore
lavnched a major nuclear information program including public hearings,
seminars and the distribution of a booklet describing all problems,

advantages and disadvantages of nuclear energy.

Since all Federal Ministries have to submit their annual budgets
for approval the Federel Parliament, the development and introduction

of nuclear power gystems into the market underlies an annual revision

process. For example in our naticnal Parliament an extensive debate

on nuclear energy matters took place. There were, of course, expressions

of concern and criticism against the fect or,” at least, the specd,



of nuclear energy introduction. But finally all political parties
represented in the Bundestag voted in favour of nuclear energy,
noting its necessity as well as its relative safety compared to

other sources of energy and other risks of civilisation,

As far as the organisation within the Federal Ministry of Research
and Technology is concerned, there is only a group of about 50 people
working aon the fieldvof energy R&D. In some areas we gét assistance
from scientific and aminis{rative personell in our research estab--
lishments. In 1976 these few people have to administrate a budget

of approzimately 1,3 billion DM. Compared to other nations, such

as Prance, the UK or the USA thig is an extremely small group com-

pared to the program, that has to be handled.

The money- available goes approximately 50 % to industry and 50 %

to research centers.

Industry as a major partner in the development and introduction of
nuclear energy into the market includes both utilities and reactor
manufactures. Both of them are private enterprises. As a result they
have developed more independent views than similar companies in other
countries, who are more dependent on Government operatiocns. As a
result the influence of Government agencies on the application of new
technologies is based on the principles of a liberal market and

therefore ecconomic considerations dominate decisions to be taken.
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This means, that only those technologies have a real chance of
success, which promise economic advantages. In order to ease the
introduction of new technologiesAinﬁb the‘market,‘indpstry must be
involved in the development of new energy,tecbnologies from the very -
beginning. This includes financial participéiipn to ensure real

interest and all efforts to make the investmeni a success.

Examples for this cooperation between CGovernment and industiry are
the development of advanced reactor systems or fuel c&cle facili-

ties, such as the 300 MWe prototype fast breeder reactor, SNR 3200,
‘the 300 MWe high‘temperature reactor of the pebble bed type, using
the thorium fuel cycle, or reprocessing plant within the nuclear

research center at Karlsruhe.

- -

- 1 .

Whereas these prototype plants are being built and operated with

the aid of the Government, the final construction of demonstration
plants requires a large financial participation of industry. This
means, that the next generaticn of reactors and fuel cycle plants
will have to be Tinanced completely or at least to a very high degree

by industry.

Government influence on indusirial activities finznced by public
funds is always guarsnteed by conditions for granting fund and by
project-committees. These committees take care of discussing programs

and projects and giving advice for the realizsdtion of the different



-
AW
1

The third paritner in nuclear energy R&D are the nuclear research
centers. Thelr major task within our development programs is to work
between basic science and industrial cooperation in this area is
mainly based bn contracts bétween industrial groupings and research
establishments. As an example I would like to mention our fast bree-
der develaément program, the high temperature reactor program and
the techunology for reprocessing of irradiated fuels. In addition,
nuclear research centers are heavily dinvolved in research and de-
velopment in the field of reactor safety, in order te support of

the Government in the continous effort to iumprove safety standards,
to reduce the remaining risk ard to improve licensing regulations.
The results of these experiments are fully available to industry to

improve their systems.

- 16 -
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The high pcpulation density in the FRG gives rise to a particular
interest to all the problems relating to nuclear safety. This fact
has been demonstrated by increasing expenditures for R&D-sctivities
for the safeti of nuclear installation since 1974: 10 Mic DM in
1974, 90 Mio DM in 1975, 100 Mio DM in 1976. In addition to that

ve are trying to cooperate ag close zs possible with other nations

ks

in this area, to include findings of others, as appropriate, in our

prograus and standards and to convey our information to our part-

A

ner

Y

5, to improve their systems respectively.

of

Qur nuclear research centers are generally financed 90 % by the
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Federal Government, the remaining 10 % of the funds being contri-
buted by the local Governments. The supervisory boards(of these cen~
ters are controlled by the Government, 50 that an optimal link is
guérantéed between the gbalsvof governmeﬁtal research programs and

the industrial activities as well as R&D-programs of research centers.

At presentéof these research centers are involved in the develop-~

ment of nuclear energy in Germany:

-~ the Karlsruhe Research Center, GfK, where the main activities of
fast breeder reactor development, reprocessing, uvrenium enrichment
by the nozzle process and reactor safely are concentrated,

- the Jiilich Research Center, KFA, with its main activities in the
area of high temperature reactor development, nuclear process heat

application, reactor safety and nuclear fusion. This center is also
- 18 .

in charge of the project management of the Government's non-nuclear
enargy R&D program.

h
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Geesthacht Research Center, GKSS, belug specialized on nuclear
ship propulsion and marine technologies,

- the Munich Research Center, G8F, cooperating with Karleruvhe and

Jiilich in the field of waste dispossl and

n

m

W

~ the Max Planck Institute of Pla Physics at Munich (IPP), where

y are concentrated.

»

acsivities in the area of nuclmr fusio

b, Licensing of nuclear facilities

In a country like the Federsl Republic of Germany with a very high
population density the golution of safety problems requires greatest
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attention. For this reason the licensing procedure for ccenstruction
and operation’ of nuclear facilities have to pass long and intensive
studies of all relevant environmental and safety aspects. We are

coﬁvinced that the German licensing proéedure can be considered as

one of the most rigid and accurate in the world.

Responsibilities and licensing proceaures are organised in the follo-
wing way: The Federal Ministry of Interior is responsible for the
.atomic law, the radiation protection regulations. The execution

is delegated to the regional states acting on behalf and under super-
vigion of the Federal Govermment. This procedure although being
relatively complicated, has proved to work satisfactorily because

the Federal Government in this way is able to take into account

new aspects arising from experiments and operating experience or
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international relations and to guarantee, that zll new standards

be applied equally in all states of the Federal Republic. The states
are responsible, inter alia, for granting licenses under the laws
and regulations pertaining to water, energy eccnomy, conservation,
civil works and envifonmental impacts. During the licensing and
supervisory procedures they act in close contact with the site

perxennel and in direct connection with the applicants.

The licensing procedure begins with an application, eg. by a utility,

to the respeciive State Minisiry for construction and operation of



visory agency (TUV) and on non-nuclear aspects from other experts

and agencies. In parallel the State Ministry submits the application

to the Federal Ministry of Interior and informs other local state or
federal authqrities. It will also inform the pub}ic by publishing all
necessary documentse.At the same time the application will be announced
publicly, so that intefested_people get -the chance to study the re-
ports and papers submitted with the application, They also have the

possibility to ask guestions and to file opposite views..

All remarks and interventions are then being dealt with in a public

hearing.

The Federal Ministry of Interior afier receiving the report of the

state government will submit the case to its top advisory committee,
the Reactor Safety Commission for advice. Both, Reactor Safety
Commission and the technical supervisory agencies are clésely co-
operating with the Institute of Reactor Safety and other independent

experts.

Within this community of experts and authorities intensive discussions
takke place and very careful investigations are carried out taking into

account, ail aspects and details of the design and the possible impact

on the environment. All guestions and new problems srising during

Y

the courge of these procedures have teo be answered by the applicant.

)

kSN



{ normally tekes in the order of ftwo years until all recommendations
and reports axe available. On the basis cof these documeﬁts the Fede~
ral Ministry of the Interior will then formulate the necessary licen-
sing conditions. The State Ministry has to apply these conditions

¢ that take dinto account recommendations of

pus

and will in additicn
other localw-, state~ and federal authorities and as far as justified
of intervencrs before a "ilrst éartial construction license’ can be
granted, which authorises the appiicant to start a limited amocunt

of work at the site. All further steps have to follow similar proce~

tha

<
e
et

dures, s5c corresponding to the progress of construction of

the » several successive partial licenses have to be granted
bafore the commissioning of a nuclear facility can be started.
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In wiew of the increasing importance that is being attached to nuc-

snergy procurement and to reduce our depen-

are directed towards an accelaration of this
licensing procedurs. But this can only mean a streamlining of the
zdministrative procedures and standardisation of components bui

under no circumstances any decrease of safely standards.

taking into account resulls

from zafety research in ovder to reduce the still remaining risk of

J

e
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The most important political aspect arising from the licensing pro-
cedure at present is question of the best way to organise a parti-

cipation of the public in the licensing process. Because of the far

reaching effects which

1
¥

echnical and political decisions in the li-

ot

censing procedure for nuclear plants may heve, such decisions can
only be taken and executed if they are widely accepted and supported
by & majority of the public concerned. In order to get this public
support the Federal CGovernment has started an information campaign,
a beoklet about all problems of

isstion of public discussions and seminars

information unfounded worries and

eliminated leading eveniually to

a smooll and speedy but strict licensing procedure.

thers is no doubt, the all those involved and responsible
will have to concentrate all their efforts to reach this gosl. &nd

it will not be an easy task.
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of CGermany

ional cooperation. The continous

I B e LR S|
of wvell esteblished



s
international cooperations covering our main projects. For instance,
the development and construction of the 300 MY protciype fast bree-

der power station SNR 300 - still the largest energy R&D project
ofithe FRG -~ is carried out f{inanced jointly by theAFRG, Belgium and
the Netherlands. The successful development of the gas centrifuge
process for uranium enrichment has been carried of in close coope-
ration between Governments, industries and research establishments
from Great Britain, the Netherlands and die Federal Republic of
Germany. Alsc in other projects, successful international coope~-

established. One of these is the multilaterial Euro-

that has resulted in very valuable experience in

rocessing of irradiated fuel elements, and will, hopefully, lead

o

and urgently required program.for conditioning and manage-

fd

of radiocactive wasts. And we hope, that the discussion we are
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aving at the moment will also lead to a Japanese participation in

nt for international cooperation has

and Brezil. It covers the whole range

of parts of the nuclear fuel cycle and of reactor technology
reseszrch establishments and industries

- 0
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program in the srea of nuclear fusion. A% the moment the consiruction
of a large fusion experiment, Joint Eurcpean Torus, JET, is being
considered within this framework. And we hope, that despite all the

difficulties we have to overcome, to find agreement about the site,
A 1 ' 3

a decision can be taken before the end of this year.

A new and prpmising ffamework for maltilaterial cocperation among

the industrialized nationg has been established in the Internaticnal
Energy Agency IEA in Paris. I have paréonally been inveolved in the
preparation of this work,‘where cooperation is being considered in
many areas of energy R&D including such important items as coasl teche

nology, solar energy, energy conservation and radiocactive waste

3

anagement. Extraordinary fast progress has been made in the coal
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srea, where a substantive program has been decided upon. At present,
various other areas of new energy systems, such as wave energy or

sven ccean thermal gradients, are investigatled.

Aecording to my personal judgement, the mest imporlant area of inter-

national cooperation that we have initiated within IEL, is the field

of safety of nuclear installations. Promising links for subsiantive

K

cocperation in concrete projects have been established, pa

4.
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1 and

the larger industrislised countries in the U.S., Japs

¥

the FRG. I sincerely hope that - for the bewfit of all nations

-~

utilizing nuclear energy for peaceful purposes ~ we will be able to

)
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achieve more progress by joint efforts. ind T am convincsd, that thi

important confersnce will contribute further

bprogresgs in this ar



