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ELECTRIFICATION,
ECONOMIC GROWTH
AND URANIUM POWER

The expanded use of ““uranium power’ is essential to provide a substantial portion of the electricity
necessary to sustain world economic growth; obstacles to its expansion arise not from the technology,
but rather from the inadequacies of national and international institutions needed to manage this new

energy system.

Dr Chauncey Starr, vice-Chairman of the Electric Power Research Institute, presented the following
paper at the seventh annual symposium of the Uranium Institute in London in September*.

The worldwide growth of uranium power plant capacity is
obviously dependent on both the growth of electrification and
the competitive status of uranium power. I am using the term
“‘uranium power’’ in lieu of the usual “*nuclear power’’, so as
to avoid the common semantic confusion with nuclear
weapons. In this paper 1 plan to develop the thesis that
expanded use of uranium power is essential to provide a
substantial portion of the electricity necessary for world
economic growth. I further wish to make the case that the
obstacles to this expansion arise not from the technology, but
rather from the inadequacies of our industrial, political, and
economic institutions to manage this new energy system
effectively, nationally and internationally.

Let us recall the original premises thirty years ago for
initiating amajor worldwide development of uranium power. It
was recognised then that the spectacular potential of uranium
energy, particularly with breeder technology, could make a
long-range contribution to the welfare and future of humanity
by supplying an almost limitless source of energy heretofore
untapped by man. The unique energy density of uranium fuel,
and its foreseeable long-time availability when used with the
breeder, imply low-cost worldwide transportability, minimal
mining costs compared to coal, and a very low sensitivity of
electricity costs to future uranium costs. Further, uranium
power offers an environmentally benign source, because of the
available technical means of containing radioactivity in a
closed system. The facts as we know them today continue to
support the importance of this objective. The world faces a
cumulative energy consumption of the magnitude of 100 000
quads' during the next century, a growth rate of 2-3 per cent
per vear; and this is about equal to the estimated magnitude of
the recoverable total fossil fuel resources of the world. While a
century may appear to be a long time, in fact the history of
industrial societies indicates that it takes about 100 vears for a
new energy source to become the supply for one-half of the
total annual energy demand. It is thus not too soon to seek
supplements to fossil fuels, as well as to be concerned with
how to use present sources most efficiently. In large measure
that is what we mean when we speak of the coming decades as
a time of transition from one energy era to another.

While many things have occurred in the past thirty years to
mire the sense of mission of the uranium community, the need

*The proceedings of the symposium will be published by the Uranium
Institute shortly, as Uranium and Nuclear Energy 1982 (Butterworth
Scientific Ltd, Sevenoaks, UK).

t1 quad =293 TWh
oil = 1-05 Exajoules.

0-04 billion tons coal =0-175 billion barrels
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and rationale for this new energy source has not disappeared.
Instead, it has been made more urgent by the fact that what
was essentially an academic exercise thirty vears ago has now
become a pressing contemporary economic problem. The
rapidly growing reliance before 1974 on imported Middle
Eastern oil by the industrialised world, in response to its
overwhelming price advantage, has been coupled with the
realisation of oil-exporting countries that their present price
and production policies should be based upon the expectation
of depletion of their oil resources, and the consequent increase
in their value. World oil is now traded on the basis that it is
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chiefly a near-term fuel and difficult to replace, and we must
all plan on this basis.

Of the various supplements to fossil fuels, only two offer
the technical possibility of a substantial contribution for the
indefinite future. The first is the energy from atomic nuclei,
using the fission breeder or fusion. We know how to produce
energy from uranium via the fission process; we do not yet
know how to use the fusion process. The second is solar. We
know how to convert solar energy into the useful forms of heat
and electricity. There is at present, however, a major dif-
ference between uranium fission and solar, namely the sub-
stantial difference in capital cost which is required to use these
two energy supplies for electricity production. Unfortunately,
of the world’s resources, capital is one of those in short
supply. At the present state of engineering knowledge, the use
of solar energy for other than low-temperature heat involves
capital investments in conversion equipment more than an
order of magnitude greater than those required for the nuclear
fission process. We anticipate that solar electricity as a fuel
displacer in power systems during peak or intermediate load
periods may eventually have a modest role; but the economic
feasibility of independent solar electric generation, with
energy storage appropriate for base load reliability, is at best a
very distant prospect.

which the world’s economic systems must support by the year
2000. The second is the basic fact that electricity consumption
has followed the economic output (GNP) of industrial nations
with remarkable closeness through all types of changes in their
social structure, through the two major oil price shocks, and
through changes in their industrial mix. The historical re-
lationship between electricity and economic output for some
of the industrial nations is shown in Figures la and 1b.
Although both kilowatt-hours and GNP are gross aggregates
that include many complex relationships, consistency of the
link between them, and some insight as to its cause, give us
confidence in its use for long-range planning.

In Figure 2, I have illustrated my interpretation of some of
the large-scale factors that influence the relationship, and that
could change its future slope. We only partially understand
the factors that have tied electricity and GNP together, even
during the post-oil shock years, when total energy use—unlike
electricity—experienced sharp drops. Our studies of the
subject have indicated that there appears to be a continual
shift into electricity as an energy form in commerce and
industry. There also appear to be effects which compensate
for the reduction in demand due to more efficient use, such as
the continual trend towards increased electrification as a
means of improving productive efficiency in the use of total

This reaffirmation of the correctness
of the goal that was set decades ago for
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Fig. 1b Observed electricity versus GNP relationships, 1960-1980
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remarkable achievement, and one that is almost never
mentioned in current discussions. All the various factors that
produced this outcome have not yet been conclusively
unravelled, but the evidence supports the belief that
electricity’s role in supporting improvements in productive
efficiency—and thereby expanding the nation’s capacity to
produce—was of major importance among the underlying
causes. This was a period during which electricity use grew by
a factor of more than ten, while all other energy consumption
only doubled, and individual-drive motors, welding equip-
ment, etc., permitted great flexibility in production systems
and increases in their efficiency.

The US was not unique in its trend to electrification. Similar
changes occurred in all industrial nations. In the past twenty
years, world use of electricity has increased about four times:
in the developed economies, about three times; in the develop-
ing economies, about seven times; and in the centrally planned
economies, about five times. The low initial level of electricity
use in the developing countries twenty vears ago is, of course,
the reason for the large increase in their ratio. As further
background, worldwide electricity use grew 1-5 1o 2 times as
fast as total energy consumption.

For the next twenty years and beyond, the global increase in
future electricity use is projected by the recent IIASA study*
to range between 2-6 per cent and 3-4 per cent per year, based
on electricity being limited to what is essential and to special
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Figure 3. Two principal factors have 7
stimulated this progressive trend B = /
toward substitution. The first is the ///
continual improvement in the relative vz
economics of electricity and fossil %%7
fuels, even when both prices increase. 7 /////
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purposes. For reference, a 35 per cent per year increase is
equivalent to a twenty-year doubling time. It is evident that,
although this modest projection is about half the historical
trend, it leads to almost doubling electricity use in the next
twenty years. Is this adequate for the world’s expectations of
economic growth? Scarcely. In 1980 the per capita con-
sumption among nations ranged from

sizes, so their billion-dollar unit investment must be available,
as must also be the market for such large blocks of electricity.
Coal plants can be built in smaller sizes, and certainly will be.
And, of course, oil and gas plants are the small users’ choice. If
the industrial nations wish to help the developing world, they
should build uranium power plants, so as to make fossil fuels
more available and less costly for the small users.

So the world will find itself divided into two groups: the
industrial nations that can afford to use large central stations
based on solid fuel—coal and uranium; and smaller developing
nations using coal, oil, and gas in small units producing
higher-cost electricity. Very roughly, two-thirds of the world’s
electricity is now used by the industrially developed nations,
which also use about one-third of the total primary energy;
and these industrial nations represent less than one-fifth of the
world’s population. So four-fifths of the world still faces the
combined task of achieving economic growth and the
electricity supply needed to support it. Some few developing
nations that can promote the capital needed for investment
may succeed; but most of the less developed nations face
dismal growth prospects, especially in view of the inhibiting
effect of the very high cost of imported fossil fuels today.

What about the prospects for the industrial nations? Let me
use the United States as an example, as [ know its situation
best. If we take the projected US labour force for the year
2000—most of which is already born—and the economic
output (GNP) needed to support it, then using the historical
relationship we find that in the year 2000, to provide the goods
and services needed to maintain today’s scale of living, will

Norway at 20 327 kWhe per person, US

at 10 469, UK at 5 102, USSR at 4 818
to India at 175 kWhe, a range of about
100 to 1. The average in developed
countries is 6 724 kWh per person; in
developing countries 381; and in the
centrally planned economies 1 482 kWh.

Assuming that population growth
can be constrained enough to permit
economic growth, the developing
economies, with half the world’s
population, would have to increase
average electricity supply about
eighteen times to match the present
average status of the developed
economies. Doubling electricity pro-
duction worldwide is a formidable task,
but still not enough to support the
cconomic growth needed. Indeed, to
match the present average status of the
developed nations, a factor of about
four times is needed, provided no
population increases occur.

Where can this electricity come
from? In the above study, it was pro-
jected that twenty years hence uranium
power might supply about 30 per cent of
the world’s electricity, and coal about
40 per cent, with the remainder coming
from hydro, oil and gas. The wide
variations worldwide in the present fuel
supply mix are indicative of the wide
differences among nations. Recog-
nising the realities of system size and I
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Fig. 5 Relative generation costs of uranium, coal and oil-fired power
plants in 1980-1981, normalized to coal costs in each country, at national
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require an annual electricity production roughly twice today’s
figure.

This, then, leaves us with the question: How should the US
plan to supply that electricity? At the present time, coal is
almost half of our primary fuel for generating electricity. If we
attempt to double electricity production by the vear 2000, we
should certainly plan to double the amount of coal made
available for electricity generation. At EPRI we have
examined the details of this process, and we believe that this
goal is probably as much as is likely to be achieved for both
coal production and coal utilisation by the electric utility
industry. As many of you know, the lead times and constraints
on the expansion of coal-based electrical production are
almost as severe as those we face in the uranium electricity
sector. This, then, leaves us with the problem of filling the gap
of the other half of electricity demand. For many familiar
reasons, we do not believe that the use of oil and gas for
electricity production can be expected to increase in the next
several decades. In fact there are many reasons why their con-
tribution to our electricity supply may be reduced. We foresee
only small increases in hydroelectric power, and only modest
contributions from the renewable resources which are now
being explored. Thus we are left with uranium power as the
only major electricity source available to fill the needs that we
foresee.

into other regions and other countries of the world; and thus.,
to reduce the scale of living and economic growth of the
nation. Thus supply and demand will always superficially
appear in balance, but the cffects of the shortage are
nonetheless very real and far-reaching.

So, even though the US is a coal-rich nation, the projected
need for uranium power plants is quite large. The situation
must be even more evident to those nations without large fossil
fuel resources. In the US we have several obstacles to an ac-
celerated uranium power plant programme, which have
resulted in an average construction time three years longer in
the US than in most other countries. Some of this lengthened

time arise

> process of licensing, constructing, and
ts. For example, many of the uranium
plants being con ted have experienced very large cost over-
runs due to retrofits, cons n errors, regulatory changes.
and other For reasons, and
because coal is a domestic fuel in the US, the generation Cost
advantages of uranium power over coal are less in the US tharn
in other industrial countries. This is shown in Figure 5, which
compares coal, uranium, and oil gencration costs inter-
nationally.

The capability of uranium power technology is best illus-
trated by the French experience, where the continuity of learn-

unanticipated causes. these

A recent paper, which I co-authored
with Milton Searl, on the various rates

at which power plants might be put on 35
line in the next two decades*, leads to
the conclusion that in view of today’s = 30 |—
modest planning of the utility industry g
for new plants, we are likely to be short o
by as much as one-fourth of the total g 25 [~
capacity needed to meet the minimum E
social expectations of our populations S 20
by the year 2000. 2

Now of course these projections, s
which are undertaken for planning % 15 —
purposes, oversimplify the situation. In 3
fact, electricity shortages of the type we f__,:’ 10 |-
describe do not become visible as o
clearly as they do in a numerical g
analysis. They will not even merit the o 5
usual news flash on TV, so the public
will not notice, because the process is 0

too subtle. The first effect of electricity
shortage is to stimulate the rehabilita-
tion of the older and inefficient power
plants; the second is that generation
equipment which is now used for in-
termediate and peak loading because of 10
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ing has been organisationally concentrated. Figures 6 and 7
show the trend during the past decade in the relative per-
formance of coal and uranium plants. Most interesting is the
projection of electricity costs for plants starting operation in
the year 2001, as shown in Figure 8 (for Switzerland/
Germany).

It is evident that in nations with effective institutional
structures for its management, uranium power is clearly going
to be the economic choice. The experience in various nations
has also led many of us to belicve that management of
uranium power, from concept and construction to daily
operation, requires organisations specifically tailored to this
technology. Unfortunately, we continue to have some electric
utility systems in the US that persist in trying to manage
uranium power within their historical fossil fuel organisa-
tions, with the unpleasant economic and operational con-
sequences reported in the news. If, then, the generation of
uranium-based electricity is to play its most effective role, it
must be perceived as a venture requiring its own management
structure in every respect. Its comprehensive managerial needs
are more like those of the large-scale programmes for space
satellites, rather than the individual and independent
programmes for building refineries to supply gasoline.

The unique management aspects of uranium power are most
apparent when we consider its fuel cycle. First, the economics
of enrichment and chemical reprocessing plants result in unit
sizes which can support a large number of power plants.
Second, international concern that enrichment or chemical
processing technology might be used for military weapons
manufacture has led to several technical and institutional pro-
posals to inhibit such diversion of capability. Thus, it is ap-
parent to many of us that only multi-national or international
management of the fuel cycle plants could provide the security
of supply and assurance of dedication to peaceful purposes
that each uranium fuel user would seek as an alternative to his
own national facilities. This issue will become more pressing
as uranium power spreads to more developing countries. Un-
fortunately, the subject has only been casually considered by
the industrial nations as vet. It should be addressed before the
situation becomes inflexible.

In an unplanned manner, national uranium power pro-

24

1973 conventional plants costs: 12.1 centimes/kWh
1973 uranium plants costs. 18.7 centimes/kWh
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Fig. 7 Uranium and conventional (coal) fired plants
generation costs in EDF system, normalised to 1973
costs

grammes have already become dependent on each other.
Public acceptance of national programmes is based on the
people’s perception of plant performance, both as to cost and
safety. A serious accident or failure at any uranium power
plant affects the future of all national programmes. The Three
Mile Island accident was a damaging blow to all uranium
power programmes everywhere. So all national programmes
are now hostage to each other.

In a similarly happenstance manner, the fuel cycle prac-
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%0 ticalities of both the front and back
ends have resulted in an international
interdependence on fuel supplies. We
have a few nations exporting enriched
fuel, undertaking reprocessing, and set-
ting their rules for such commerce. At
the highest levels, these nations do
attempt to coordinate their views. How-
ever, the importance of a secure fuel
supply, and the absence of an inter-
national arrangement to assure such a
supply free of the potential for political
intervention, are moving the fuel
buying nations to initiate domestic
facilities, even if these are uneconomic.
If internationalising the fuel cycle is
ultimately desirable—and [ believe it
is—the time window for doing so exists
in this decade, but may start closing
thereafter.

So | have come to a positive view of
the potential for electricity in the
world’s future need for energy, and for
0 a special role for uranium power. But

— 80

Levelized Total Power Cost (mills/kWh)

Coal Piant

Fig. 8 Comparison of levelized total power costs for an LWR and a coal
plant in Switzerland and the Federal Republic of Germany starting

operation in 2001

making this happen will require that the
industrial nations should thoughtfully
plan and establish the unique institu-
tions and management that this special
technology demands. O

Atom 314  December 1982

Page 255




BUILDING

ON SUCCESS

The initial confidence that the AGR fuel designs used in the British nuclear power stations would yield
their output for their design life is being confirmed progressively. This confidence has led to consideration
in recent years of how the development potential inherent in the design can be exploited with reduction in
fuel cycle cost and consequently power cost. R.A. Shaw* here describes the fuel design, the basis for
development, and the design and material changes that are being considered for introduction in the

immediate future.

The fuel assembly for an Advanced Gas-cooled Reactor
(AGR) is shown in Fig. 1. It consists essentially of two halves:
the top half is called the plug unit and contains the gamma
shield plug and the gag for controlling the gas flow up the
channel containing the assembly; and the lower half is the fuel
stringer. This consists essentially of seven or cight fuel elements,
with neutron reflectors above and below, carried on a bottom
support unit. Each element is approximately one metre long
and has 36 fuel pins arranged in three rings and held by a grid
and two braces which are located in a graphite sleeve
assembly. The fuel stringer and its associated components are
lifted in and out of the reactor on a tie bar of Nimonic PE16
which passes through a central guide tube fixed to the grids.
An anti-gapping unit accommodates differential thermal ex-
pansion during fuel charging operations. The coolant flowing
up the fuel elements is separated from the moderator by the
two concentric graphite sleeves which have an insulating gap
between them. Gas enters the channel both directly and from a
re-entrant flow between the outer sleeve and the moderator:
the bottom support promotes mixing of these flows.

The Advanced Gas-cooled Reactor (AGR) fuel design is
derived from prototypes irradiated in the Windscale AGR
and, although there are differences in flow, pressure and flux,
experience with fuel in that reactor remains a major com-
ponent of any assessment of future developments in fuel
design. The use of a hollow fuel pellet to obviate problems that
could arise from fission product gas release was a consequence
of work in WAGR. Between three and four hundred fuel
stringers containing fuel pellets of two different bore sizes (0-2
and 0+25 in.) in the same cans as are used in AGRs have been
irradiated under a wide variety of conditions in WAGR. Fig. 2
shows the irradiation levels which had been achieved in these
two fuel types when WAGR was shut down. Well over a
hundred stringers had achieved mean burn-up levels greater
than 18 GWd/te and the maximum level of stringer mean
burn-up achieved was 253 GWd/te corresponding to a peak
element burn-up of 33 GWd/te. It is worth noting that a
WAGR stringer has a much higher ratio of peak burn-up to
mean burn-up than one irradiated in one of the Generating
Board’s AGRs so that, at the same mean stringer burn-up, the
peak WAGR element will have been more highly irradiated
than its CEGB/SSEB counterpart by 15-20 per cent. The ex-
cellent condition of a cluster irradiated in WAGR to a peak
element burn-up of 29-3 GWd/te and of the corresponding
pin surface at the position of maximum temperature is shown
in Fig. 3. This experience clearly supports the present con-
fidence in the decision made years ago that the AGR fuel cycle
should be based on an irradiation of 18 GWd/te. It also
illustrates the potential now available for exploitation.

*Mr Shaw is Research Manager at the UKAEA Springfields Nuclear
Power Development Laboratories.
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Fig. 2 WAGR hollow fuel in annealed cladding—
Burn-up distribution (May 1981 end of reactor life)

The current position in the operating stations sustains this
view as the reactors continue to perform well, producing
power steadily and reliably. The three lead reactors are ap-
proaching a cumulative gross generation of 14 000 GWh, with
fuel burn-ups at over 70 per cent of the design target and the
stations operating at thermal powers greater than 1 400 MW,
Against this background, objectives for forward fuel develop-
ment have emerged which have been adopted by the industry
(CEGB, SSEB, NNC, BNFL and AEA) in a cooperative
endeavour and upon whose various contributions this article is
based. The available experience suggests fuel is capable of
achieving a higher burn-up. Reappraisal ot fuel cvcle costs
since the 18 GWd/te target discharge irradiation was fixed has
shown the economic optimum discharge irradiation has risen

between 24 and 30 GWd/te; very considerable savings
emerge when such irradiations are achieved. Refuelling has
taken place off power whilst fuel sleeve inspection techniques
have been developed to ensure the sleeves are capable of ac-
commodating the differential pressures involved in on-power
charge/discharge, and the impacts in the handling routes have
been characterised. To provide replacement power when an
AGR is shut off for refuelling is economically unattractive and
the development of fuel that can be handled at as high a power
as possible is a second objective of the forward programme.

I'he AGR fuel pins carry the same ribbed surface as was
svolved for WAGR. Considerable experience is now available
regarding its manufacture, performance and endurance.
However it has been shown that the performance of the fuel
zlement can be improved so that the same gas temperature can
ne obtained with lower fuel temperatures or to provide an in-

rease in output of 5-10 per cent with the same maximum fuel
smperature limitation. This is the third objective. Progress
wards achieving the three objectives outlined must of course
made whilst ensuring that the original objective ot achiev-

TEMPERATI

ELEMENT 3. POSITION
|

Fig. 3 Fuel pins con-
taining hollow 0-57 in.
diameter pellets from a
stringer irradiated to 24
GWd/t

ing 18 GWd/te is met in generating board reactors and the
demonstrable safety record of AGR fuel is maintained at this
high level. Thus the five objectives can be summarised thus:
(i) Maintain safety.
(ii) Confirm 18 GWd/te under power reactor conditions.
(iii) Increased irradiation—target 24-30 GWd/te.
(iv) Handling on power—target 70 per cent or more.
(v) Increased output—target 5-10 per cent extra.

Increased irradiation

Operating limits for AGRs are set so that, in the highly un-
likelv event of a depressurisation fault, the cladding will be
able to contain the fission gas pressure inside the pin. This pin
pressure is predicted by a performance code called MINIPAT
and in normal operation for the present discharge burn-up the
calculated pressures are well below the coolant pressure and
there is negligible risk of gas pressure failures, even during a
depressurisation fault. However, even though the present
margin is considerable, increases in burn-up will potentially
reduce it, as will increases in rating, and such advances would
clearly be aided if fuel could be developed to retain more
fission gas.

The generation and release of fission gas is complex, in-
volving initially diffusion of fission gas atoms within UQO,
leading to the formation and eventual linkage of gas bubbles
on grain faces and tunnels on grain edges. This suggests a
major rate controlling parameter will be the grain size, and if
this could be consistently coarsened without any concomitant
deleterious effect, significant reduction in gas release could be
achieved.
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Fig. 4 Variation in fission gas release from pins containing reference and magnesia-doped fuel

A large grain structure can be produced by several tech-
niques, two of which are: a purely thermal treatment in which
the grain size is increased by holding sintered pellets at a high
temperature; and a method in which grain growth is aided by
the use of a dopant added to the UO, prior to fabrication
which allows the coarsening to be achieved at a lower
temperature. These techniques and others have been examined
so that their advantages and disadvantages could be deter-
mined. The principal dopants which have been used are
magnesium oxide, niobium pentoxide and titanium dioxide.
Large grain fuels have been subject to laboratory evaluation
and included in several series of irradiation experiments,
mainly in WAGR but also in materials test reactors and in the
SGHWR at Winfrith. In one of the most significant ex-
periments in this series, magnesia-doped fuel with a mean
linear intercept grain size of about 35 microns was compared
with undoped UO, with an initial grain size of about 6
microns. The results at mean irradiations of 27 500 and 25 000
MWd/te(U) for elements 2 and 3 respectively are shown in Fig.
4. Analysis shows the reduction in gas release obtained in the
coarser fuel was greater than 2-5 times and was at least the
reduction which would be expected theoretically on the basis
of grain sizes over the irradiation period. Of the doped fuels
tested, the most promising is that incorporating magnesium
oxide. The information available on large grain size undoped
UO, is less extensive and does not extend to such high irradia-
tions, but the results suggest that this fuel may also have the
expected degree of improved gas retention. BNFL plan to pur-
chase an intermediate scale production furnace and 50-pin
quantities of both high temperature undoped fuel and
magnesia-doped fuel have been manufactured for an irradia-
tion experiment in Hinkley Point B which was to be loaded in
the last half of 1982.

Cans have been examined after irradiation in WAGR and
the operating AGRs, and the surface condition has, if
anything, been better than anticipated from out-of-reactor
work. However, fuel from the AGRs is obviously not vet
available that has operated under design conditions for the

current 18 GWd/te cycle life. It is essential that the behaviour
evidenced to date is maintained to the current fuel cycle
irradiation and the same margin is maintained at any higher
burn-up adopted. Oxidation of the cladding results in a loss of
section generally and locally, and clad corrosion can lead to
spallation of the active oxide either in the primary circuits of
the reactor or in the post-irradiation fuel handling route which
could produce problems with plant maintenance. Although no
such problem has been experienced in AGRs to date, it is
prudent to ensure no such problems could arise as the
potential of the system is exploited. It is also necessary to pro-
tect the moderator; for this purpose the CO, coolant contains
secondary constituents such as methane, carbon monoxide
and water vapour which, depending on their concentration,
can lead to radiation-induced carbonaceous deposits forming
on the fuel cladding and these can impair the heat transfer
characteristics of the surface.

Accordingly, to increase the flexibility of fuel and coolant
management schemes, and as a possible requirement for in-
creased fuel life, protective coatings for the fuel cladding have
been developed as an insurance measure. A number of
coatings produced using sol-gel and vapour deposition pro-
cesses have been evaluated. One of the better coatings for
adoption as a production process is a vapour-deposited silica
layer a few microns thick. The effectiveness of the coatings in
improving the oxidation behaviour and reducing spallation
has been established by an extensive laboratory programme
which included assessment of the influence of thermal cycling
and mechanical stress. The results of continuing tests at 825°C
lasting 15 000 h to date, in which the oxidation of uncoated
steel was compared with coated, with daily temperature cycles
to 675°C or 275°C, are given in Fig. 5. Data on the influence
of coatings on carbonaceous deposition afforded has been ob-
tained using gas loop facilities in the AERE materials test
reactors and on full length coated pins irradiated in WAGR
and the results are being assessed.

The current fuel pin cladding is 20 wt per cent Cr-25 wt per
cent Ni-Nb stabilised steel which has a moderate creep
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