














The economic outiook

for proven-type power reactors

HANS MICHAELIS, Director, Euratom Economy Division

The memorandum on energy policy sub-
mitted to the Council of Ministers by the
European Executives on 25 June stated that:
Nuclear energy has now passed beyond the
experimental stage and will continue to ad-
vance. The next few years will see a constant
increase in its importance as a solution to
the problem of ensuring energy supplies and
reducing costs.

The Report published in December 1962
by the three European Executives as a
result of the survey carried out on the
Community’s long-term energy prospects
came to the following conclusion:

In the light of the available data, there is
every reason to assume that as from 1970 large
nuclear power plants will be economic for
base load duty.

On what grounds are these optimistic estimates founded?

Documentary information

Under the terms of the Treaty, it is Eura-
tom's responsibility to keep interested
parties periodically informed about the
current situation and likely future trends
with regard to the cost and profitability of
nuclear energy, thus fostering initiative in
this field and facilitating a harmonious in-
vestment policy.

In the pursuit of this task, the Euratom
Commission keeps a constant surveillance
over all the factors affecting the present
and future situation with regard to nuclear
power costs. It is aided in this work by an
extensive body of material and data:

(1) The Community has a 32 million EMA
u.a.' share in the construction of five
power reactors having a total net power of
900 MWe. In this way it hopes to promote
the construction of nuclear power plants
on an industrial scale and to give a boost
to the nuclear industry in Europe. Under
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these contracts of participation, provision
is made for the supply and dissemina-
tion of the information stemming from their
execution, this provision likewise applying
to all data relating to costs.

(2) Cost information is also submitted to
Euratom by those energy producers in the
Community which are building and operat-
ing nuclear power plants not covered by
the programme of participation, in partic-
ular Electricité de France.

(3) Under the terms of the agreements for
co-operation drawn up with the United
Kingdom Atomic Energy Authority (UKAEA),
the United States Atomic Energy Commission
(USAEC) and Atomic Energy of Canada Ltd.
(AECL), the Euratom Commission obtains
data on the costs relating to power plants
which are in operation or are in the con-
struction or planning stage in those coun-
tries.

In collaboration with the two other exe-
cutives in the Interexecutive Working

In connection with the efforts of the
Council of Ministers to define a common
energy policy, this report, and in particu-
lar the above-quoted conclusion, was
thoroughly vetted by a team of national
experts, which in May 1963 issued the
following statement:

There is complete agreement within the team
with regard to the views expressed in the
report concerning the outlook for nuclear
energy, some members feeling them to be
even somewhat cautious.

Group on Energy Policy, the Euratom
Commission was able to incorporate this
information concerning the present and
estimated future nuclear power costs in an
assessment of the Community’s energy
economy as a whole, thusdetermining the
place to be occupied by nuclear power
in the overall gamut of energy sources.

Problems of comparability

Only a few nuclear power plants are in
operation as yet, so our views on the pres-
ent position and future cost trend are
based chiefly on electricity-generating cost
forecasts for nuclear power plants now in
the construction or planning stage. These
findings are, however, not unchallenged,
since the estimated electricity-generating
cost depends on the calculation method
employed as well as on certain technical
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molecule, is of capital importance for an
Orgel-type reactor, in which it really is
necessary to reduce the absorbent mate-
rials to a minimum.

The hydrogen contained in the terphenyl
surrounding the fuel element and serving
to cool it actually represents an appreciable
fraction of the neutron-absorbing material
of the entire channel. It is accordingly
necessary to arrange the fuel-cluster rod-
lets in such a way that they are as close to-
gether as possible and to minimise the
quantity of coolant around them.

The substitution of deuterium for hydrogen
would make it possible, by improving the
neutron balance, to utilise less compact
clusters, for which a larger quantity of
coolant would be required. This would ob-
viate 2 number of mechanical and hydro-
dynamic problems while at the same time
increasing the burn-up.

Unfortunately, the use of deuterated cool-
ants is inhibited by their cost. It is further-
more essential, in view of the price of
deuterium, to ensure a very low rate of
leakage, comparable to that permitted in
a heavy-water circuit, and this entails an
increase in investments and operating costs.
At the present time, the fabrication and
utilisation prices of deuterated terphenyls
would appear to rule this concept out as a
competitive proposition.

Current solution

For the most part, the chemical studies
carried out under the Orgel Programme
have involved the use of a mixture of
terphenyls abundant in ‘“‘meta’-isomer.
This choice is the result of a compromise
struck between the prices and melting
points of various commercial mixtures, lead-
ing to the adoption of one of these mixtures,
Progil’'s OM-2 fluid, some of whose charac-
teristics are shown in the foliowing table:

ortho-terphenyl 80%,
meta-terphenyl 159%,
para-terphenyl 5%
overall melting point 80°C
boiling point 350°C
(760 mmHg)

Special attention is being paid to the defini-
tion of the behaviour of this mixture in
Orgel-type power-reactor conditions.

RESEARCH IN PROGRESS

Methods of analysis

One of the first tasks of the research work-
ers engaged on organic liquids has been
the development of satisfactory methods of
analysis. This is because it is necessary to
determine the composition of the fluids
used and the variation which they undergo
in testing. [t may now be said to be possible
to analyse a mixture for its terphenyl and
lighter and heavier products content as well
as for the major part of the inorganic im-
purities present.

Another important job is to improve detec-
tion sensitivity for the few mineral substan-
ces for which it appears to be inadequate.
This is the case, for instance, with oxygen,
which may be one of the main factors re-
sponsible for fouling. By way of illustration,
the impurities content is usually expressed
in parts per million, which testifies to the
extreme accuracy required in such analyses.
As regards the organic constituents, ana-
lysis is carried out for benzene and for
polyphenyls having up to six aromatic
rings. Strictly speaking, the problem is not
solved completely, since although it is
possible, beyond the tetraphenyls, to isolate
the substances contained in the mixture, it
is not possible to identify them all. In addi-
tion to determinations of individual sub-
stances, methods have been devised which
give the overall content in substances with
molecular masses higher than that of the
terphenyls. One of the major problems of
organic analysis is the identification of very
heavy substances, such as those which are
formed by radiolysis, and here attempts to
find a solution are still in progress.

Compatibility tests

At temperatures up to 450°C, the ter-
phenyls have no noteworthy corrosive
action on alloy or non-alloy steels, or on
aluminium compounds, as long as their
water content remains below 500 ppm
(parts per million) and no oxygen is present.
With graphite, too, no reaction is observed.
On the other hand, magnesium, which is
sensitive to traces of oxygenated substances
(such as water), cannot be used. In the case
of zirconium alloys, the position is still
more complex as it would certainly seem
that, by contrast, the surface film of oxide
must not be destroyed and that it should be

reconstituted if damaged, a fact which
might well make it necessary to specify a
minimum water content.

All these studies have still to be amplified
so as to take account of the erosion that
may be caused by the organic fluid when
circulating at high speed.

Stability tests

An accurate idea of the coolant’s rate of
decomposition is an essential datum for the
Orgel string. As is known, this rate varies
depending on several factors, e.g. the tem-
perature, and perhaps the composition of
the coolant, which also influence the kWh
price of power supplied by the plant. Thus,
for instance, the gain in efficiency achieved
by stepping up the coolant outlet temper-
ature must be set against the higher de-
composition rate which will result.

A study is being made of the part played by
various parameters in the decomposition
rate of the terphenyls. In particular, efforts
are being made to distinguish between the
heat and irradiation effects as well as to
differentiate the action of the y rays from
that of the neutrons, which are the main
constituents of the mixed radiations occur-
ring in reactors.

Tosum up, everything takes place as though
the irradiation of polyphenyls produced
relatively long-lived active centres which
promoted pyrolytic decomposition. This
effect persists, even after irradiation has
been completed. The quantitative aspects
of the process have still to be clearly defined
to allow of an accurate coolant consumption
calculation for the various Orgel solutions
envisaged.

One of the chief problems still outstanding
relates to the determination of the destruc-
tive potential of the various radiations. If
it is desired to forecast the decomposition
which will occur in a given radiation field,
it must be possible to assign a certain level
of effectiveness to each type of radiation.
The temptation exists, for the purpose
of these studies, to use several sources
each emitting only one type of radiation.
The fact is, however, that in the case of y
rays the choice is restricted by the very
stability of polyphenyls, the strongest
fields available having merely one-tenth of
the intensity of those obtaining in in-pile
loops, which means not only that the exper-
iments must be lengthy but also that the





















To complete this account, it may be added
that the critical experiment ECO's provided
with a set of auxiliary devices which can be
used for carrying out a wide variety of
reactor physics experiments—mobile beam-
extraction channel for time-of-flight spec-
trum analysis, axial beam-injection channel
for a hook-up with a 1 MeV van de Graaff
accelerator, mobile source, sundry probes,
etc.

At the present time, ECO has an initial
fuel load, made up of 189 clusters of 19
uranium metal rodlets. A substitution set
consisting of 25 clusters of 7 uranium carbide
rodlets is in course of fabrication. Uranium
carbide is, in fact, intended as the fuel for
an Orgel power reactor.

ECO “Complex”’

The reactor is housed in a hall 40 m long,
25 m wide and 20 m high, with two over-
head cranes, one of 50 tons—powerful but
unwieldy—which is necessary for removing
the swivel lids and mobile slabs, and the
other of 5 tons, which is more suitable for
the routine minor operations.

The reactor block is located near one of the
ends of the building, so as to leave a maxi-
mum of free space for other reactor physics
experiments such as the exponential exper-
iment EXPO, which is due to start up
shortly. A trap in the floor and a reinforced
basement designed for an additional load
of 800 tons have been installed on the as-
sumption that a second critical experiment
or a swimming-pool reactor, for example,
will be set up later.

The reactor end of the building consists of a
habitable six storey building which contains
the following rooms and equipment:

— two floors of basement: auxiliaries
(compressors, end of technical galleries,
low-voltage and air-conditioning control
panels, emergency generating group, etc.);
— ground floor: main entrance, caretaker’s
lodge and radiological protection point,
toilets and decontamination points;

— first floor: relay and clectronic control
room, fucl-element assembly room;

— second floor: control room (level with
top of reactor) and standby control room:
— third floor: drawing office and store for
reactor spares.

The habitable block, which is traditionally
known as the “‘airlock’’, is connected by an
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overhead gallery with the operating per-
sonnel laboratory building. This building
contains, in addition to the normal office
space, a mechanics workshop and two elec-
tronics laboratories for the setting-up of
experiments. Here the experimental phys-
icists have four offices at their disposal,
together with a fully equipped counting
room and an experiment-assembly room.

ECO, a European experiment

The construction of this assembly has pro-
vided the Euratom Commission with its
first opportunity to co-ordinate the activi-
ties of enterprises representing most of the
Member States.

Contracts for the construction of the build-
ing and the reactor have been awarded to
an lealian firm and a Dutch consortium
respectively. The Supply Agency has pro-
vided the uranium, France the graphite for
the reflector. The hydraulic tests have been
carried out in Belgium, while the United
States is supplying the heavy water on a
lease basis.

For Ispra too, operation ECO has been—and
still is—a singularly instructive experiment
which has afforded an opportunity of putting
to a severe test a number of departments
which have only recently been set up and
are thus unaccustomed to combined-opera-
tions work within a tight time-schedule. It
would be an overstatement to say that
everything has gone without a hitch or
without raising any problems. The tentative
time-limits have certainly been exceeded
by a long way; nevertheless, in spite of the
difficulties caused by the geographical dis-
tances involved, the diversity of tongues and
the fact that the whole set-up is of fairly
recent creation, a complex unit has emerged
in a very brief period of time. A year after
the laying of the first stone of the building,
the contractor responsible for the construc-
tion of the reactor took possession of a
practically completed reactor hall. Six
months later the reactor itself was near
completion. In another few months, with
its control system installed and with all its
circuits checked and tested, the ECO reactor
will be all set to go critical.

After two years’ work, and well in advance
of the fourth anniversary of its transfer to
Euratom, the Ispra Establishment will
embark upon the operation of its first crit-
ical experiment.
























a study has been undertaken (at the Me-
tallurgical Chemistry Laboratory, Vitry-sur-
Seine, France) on the properties of stainless
steels made from the purestiron, chromium
and nickel obtainable. The properties of
stainless steels prepared in this way are
very different from those of industrial
stainless stecls. By the controlled addition
of small amounts of addition elements it
should be possible to gain an insight into
the part played by these elements and thus
to prepare improved steels, either bystart-
ing with purer materials or by purifying to
climinate impurities known to be harmful.
Furthermore, alloy studies are being car-
ried out using other base metals such as
beryllium (Nuclear Metals, Inc., US) or
niobium (Battelle, Columbus, US), which
have a very low neutron capture cross-
section but a corrosion sensitivity which
has hitherto rendered them unacceptable
for use in high-temperature steam.
These tests are being carried out in the
hope that it might be possible to manufac-
ture alloys having a corrosion resistance
superior to that of the pure metal, in the
way that Zircaloy-2 is preferable to pure
zirconium.

Improving conditions under which test-
ed materials are used

Among the studies coming under this head-
ing mention might be made of a research
project aimed at recombining the oxygen
and hydrogen formed by radiolysis in
superheated steam. If the bulk of the oxygen
formed could be recombined in the form
of water by means of a catalyst, such as
finely-divided platinum, stress corrosion in
stainless steels, one of the causes of which
is the presence of oxygen in the steam, could
be avoided (General Nuclear Engineering
Corporation US).

Another study (SERAI, Belgium) can also be
listed under this heading. It is aimed at
evaluating the influence of the surface
treatment on corrosion in high-temperature
water and steam (Fig. 8). Results of major
practical importance have already been ob-
tained. In the case of an ordinary carbon
steel, it was shown that with suitable surface
treatment corrosion was three times less
severe in water at 300°C and steam at 400°C.
The surface of the machined parts, by
mechanical treatment, does in fact acquire
not only a roughness depending on the
degree of finish but also a crystalline struc-
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ture different from that of the base metal
(Figs. 9 and 10). The thickness of this cold-
worked layer varies depending on the
treatment used and can be as high as several
tenths of a millimetre. On the other hand,
this superficial cold-working is rendered
unnecessary if chemical or electrochemical
polishing is carried out. The purpose of this
study is to determine which of these two
factors, cold-working and roughness, is
decisive when the aim is to bring about an
improvement by means of treatment such
as electrolytic polishing (Fig. 11).

Iin the case of stainless steels, mechanical
treatment involving surface cold-working is
likewise very harmful at 300°C, while at
higher temperatures (400°C) it becomes
very favourable!

Major practical conclusions can be drawn
from this study, especially with regard to
the use of ordinary steels in water reactors
in place of stainless steels. The results are
now being checked under extreme dynamic
conditions. In particular a corrosion loop is
being used for investigating the behaviour
of these steels when the pressurised water
circulates at a rate of over 10 m/sec (see
nside front cover).

It will be seen from this brief outline of the
corrosion research programmes covered by
the Euratom/US Agreement that a by no
means negligible part of the work is of a
basic character, for it is with the aid of
basic research that we are likely to arrive
at a better insight into the corrosion mech-
anism and the means of inhibiting corrosion
phenomena. Furthermore, in addition to
acting as a considerable aid in our efforts to
devise better alloys and better conditions
for their use in water reactors, studies of
this type enable us to derive laws of gene-
ral application.

It is perhaps no exaggeration to say that
corrosion is the arch-enemy of the water
reactor. One particular consequence, as we
have seen, is that it rules out the use of high
temperatures and heat fluxes. If there were
no special corrosion problem, these reactors
could have taken advantage of almost all the
conventional steam-generating techniques,
which involve the use of temperatures of
over 600°C and thus make possible high
outputs. It is not surprising, therefore, that
the problems raised by corrosion are being
tackled with such vigour since their solution
would inevitably lead to an improvement in
the economics of the water reactor.
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