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ACCIDENT SOURCE TERMS—
CAUSE FOR LESS CONCERN

The problem of what values to give to source terms, which are important parameters in evaluating the
potential effects of serious damage to the core of a reactor, is discussed by Simon Rippon, European

Editor of Nuclear News.

One of the few pleasant surprises to follow the Three Mile
Island accident in the US was the very small amount of
radioactive iodine that was released. This led to questioning
about the so called ‘source terms’—the fractions of different
species of radioactive fission products that have been
estimated as likely to be released in theoretical assessments of
hypothetical accidents involving severe damage to the core of
a nuclear reactor.

The subject is of some importance for the morbid calcula-
tions of the worst possible consequences of the worst im-
aginable nuclear accident. A ten-fold decrease in the overall
source term would yield at least a 100-fold reduction in the
number of fatalities that are calculated to result from severe
accident. That means that for most of the worst-case accident
scenarios the chances are that there would be no early fatalities
among the surrounding population.

The significance of source term reduction goes beyond a
mere public relations effort to counter the many frightening
headlines that have been seen in the past about the possible
results of nuclear accidents. A realistic assessment of conse-
quences is important in formulating emergency plants to be
implemented in the event of an accident. If, as now seems in-
creasingly likely, there is no risk of early fatalities then evacua-
tion of the public, with its attendant risks, should no be con-
templated in emergency plans—it would be much safer simply
to instruct people to stay indoors until any cloud of released
radioactivity has dispersed. At the same time a reduction in
source terms could have significant longer term implications
for the siting of nuclear power stations. They could be closer
to centres of population without the imposition of
economically crippling layers of additional safety features.

Historically, the first ultra-conservative estimates of worst-
case consequences were made in 1957, in the early days of the
civilian nuclear power programme in the US, with a study
which effectively assumed that by some unspecified accident
the entire radioactive inventory of a reactor core was dis-
persed. Rather more realistic, though still conservative, source
term criteria were developed by the US licensing authorities in
the early 1960s and these guidelines were adopted, with minor
refinements, for most of the subsequent accident risk studies.
In particular they were the source terms adopted in the major
probabilistic Reactor Safety Study completed in 1975 and
variously referred to as the Rasmussen report or WASH-1400.
Similar basic source terms were also adopted for the com-
parable German Risk Study completed a few years later.

At Three Mile Island it was found that although 10 million
curies of noble gas fission products (xenon and krypton) were
released from the damaged reactor core into the containment
building, only about 20 curies of iodine were released. The
traditional source terms would have postulated approximately
equal releases. This finding started a group at the US Electric
Power Research Institute (EPRI) looking at releases from
previous accidents, or deliberate experiments, in which reactor
fuel had been damaged. There are quite a number of examples
to draw upon, starting with the Windscale fire in 1957 and in-
cluding programmes of experiments at a US desert test site in
which reactors were driven to destruction. As a result of this

review work, a strong case for possible revision of source
terms was presented to the US Nuclear Regulatory Commis-
sion {NRC) at the end of 1980. A large programme of work
has since been initiated in many countries to try to establish
figures which are both more realistic and acceptable to the ever
sceptical licensing authorities.

A crop of questions

As is so often the case with analysis of very hypothetical
nuclear accidents, the more you look at them the more ques-
tions you can raise. This is fine for research workers—a whole
crop of interesting new projects have come up on questions of
release mechanisms and pathways which are generally related
to the source term issue. In most cases the talk is of two or
three years before the necessary results are obtained to
generate more realistic computer models and satisfy
regulatory bodies of the need for significant revisions.

Since the main builders and operators of light water reactors
in the US, Europe and Japan are already managing to live with
the existing regulations, it seems likely that, while being im-
patient for revisions, they will be prepared to wait the two or
three years for the relevant experimental results. Regulatory
bodies in different countries, while looking very seriously at
source terms and other questions relating to severe accidents,
are clearly not prepared to be rushed into revisions. Even the
hope of some sort of interim source terms from the US
Nuclear Regulatory Commission, that had once seemed
possible in 1983, is now not expected until mid-1984.

The problem is not much in convincing regulators of the
very conservative nature of the source terms adopted in
Rasmussen’s Reactor Safety Study. The Rasmussen report
states quite clearly that the assumptions used were probably
overly pessimistic and suggested that more detailed study of
the subject would be worthwhile. But the more detailed study
now taking place, while tending to confirm the conservatism
for most of the ‘standard’ accident scenarios and release
mechanisms, inevitably raises questions about yet more
remote variations in the scenarios which might just result in
conditions unfavourable to the new theories of fission product
retention.

Ironically, this means that while the main thrust of develop-
ing more realistic models of accident consequences is to avoid
excessive pre-occupation with highly improbable large acci-
dents, the result is increased analysis of even more improbable
combinations and variations of the scenarios. It has reached
the ridiculous state where some of the probability figures now
being banded around represent frequencies as low as once in
the lifetime of the earth!

An alternative approach to obtaining an interim judgement
on source term reduction, first developed by Westinghouse in
a study based on the Zion nuclear power plant in the US, has
been further developed in the UK and presented as evidence at
the public inquiry currently examining the proposal to build a
presurised water reactor at Sizewell B. It accepts that it is not
possible to say that source terms will be lower in all cir-
cumstances but produces a spectrum of probability of them
being less by different factors for the various release
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mechanisms considered in the safety analysis of the plant.
While this approach is itself conservative and still yields a
small probability that some source terms could in a few cases
be as large as, or even slightly larger than, the pessimistic
Rasmussen case it shows the strong probability that they will
be substantially less in the majority of accident scenarios.

Ultimately it is likely that the two approaches will come
together with the more detailed experimental results on release
mechanisms and improved computer models providing the in-
put to give more precise figures to the probability of source
term reduction. Such results will be compatible with the
greater use of probabilistic risk assessment which has already
found its way into UK regulation as part of general safety
guidelines and is under discussion in the US with the NRC’s
proposed numerical safety goals.

How could fission products get out?

The basic case for reduction of source terms and a more
realistic assessment of accident releases and consequences was
fully documented in a series of papers in Nuclear Technology
(May 1981). Of particular interest from the review of past ac-
cidents and incidents was fairly convincing evidence that if
there was any water around only a very small fraction of the
volatile fission product inventory in the fuel, other than noble
gases, was released to the environment. Also well documented
are the likely explanations. First, iodine and caesium fission
products would be likely to react together in the fuel prior to
release so that they come out as highly soluble caesium iodine
rather than their more volatile elemental forms. Second,
aerosols tend to aglomerate and plate out in a moist at-
mosphere.

In the last couple of years workers in several countries have
extended these arguments by looking in greater detail at the
opportunities for retention of fission products in the different
designs of commercial nuclear power plants currently in use.
In discussion of these problems there tends to be a separation
between releases into the primary circuit, where differences in
design are not very significant, and release to the containment
and auxiliary buildings where there are quite substantial dif-
ferences in design. But while this segregation is convenient
from the point of view of the different experimental pro-
grammes, those involved in assessing accident consequences
stress the importance of looking at total systems and above all
at the likely timing of the postulated accident sequences which
can have a dramatic effect in reducing possible excape
pathways and on retention of fission products.

The starting point in considering source terms and release
mechanisms is a severely damaged—or degraded—reactor
core. Getting to this starting point is not exactly an every day
occurrence—with the latest designs of engineered safety
systems, the probability is about once in a million years of
reactor operation. There are then a number of barriers to the
release of fission products: the fuel matrix and cladding, the
primary coolant circuit, and the primary and secondary con-
tainment buildings with the auxiliary building constituting
part of the secondary containment.

Release mechanisms from the fuel can be considered under
four categories of increasing seriousness and decreasing prob-
ability:

® Following clad rupture it is necessary to consider the frac-
tions of fission products that would find their way into the
spaces around fuel pellets, and the expansion gaps at the
top of fuel pins, since these would be available for more-
or-less instantaneous release to the next barrier.

® Core melting would result in the release of noble gas fis-
sion products and the more volatile fission products such
as iodine and caesium but the relatively slow nature of the
melting process is important in determining the subse-
quent fate of the released fission products.

@ Vapourisation of the molten remains of a core might

occur, if there is no mechanism for heat removal from the
debris, resulting in the release of the less volatile fission
products. In such a case all the volatile fission products
would have been released to the primary circuit during the
earlier melting phase—an important consideration when
thinking about extreme scenarios such as vessel melt-

through. . ) . )
® A steam explosion, which extreme pessimists say might

Just occur if a large volume of molten core dropped into a
pool of water at the bottom of the vessel or containment,
could distribute fine particles of residual core materials
but again only at a later time than the release of volatile
fission products.

In the event of a loss of coolant accident (LOCA) the primary
circuit barrier was given no credit for retention of fission pro-
ducts in the Rasmussen study. For simplicity it was assumed
that all fission products escaping from the fuel would even-
tually find their way to the containment building or auxiliary
building. In most of the LOCA scenarios this is clearly an ex-
tremely conservative assumption since there are a host of
structures within the primary circuit, especially above the
core, which would be expected to trap a sizable portion of the
released fission products. In particular, aerosols would be en-
couraged to aglomerate by virtue of their high concentration
and would plate out on the vast areas of metal surfaces. But at
the same time it is possible to postulate worst case situations,
such as a large break in the hot leg of a coolant circuit, which
could allow the majority of fission products released from the
fuel to be swept out into the containment building.

If fission products do get out into the containment building
there are still more potential retention mechanisms to be con-
sidered even if the integrity of the containment has also been
breached. There are acres of surface area of steel and concrete
on which volitile fission products could plate out; there is
scrubbing by containment sprays and all the other water there
would be if there had been a sizable leak in the primary circuit:
there would be trapping in filter systems; and there would be
settling of aerosols, again assisted by the high moisture con-
tent in the atmosphere.

The Rasmussen study used a computer code known as
Corrall to make allowance for likely fission product retention
in the containment. The code was based largely on empirical
results from the Containment Systems Experiment pro-
gramme conducted at the Pacific Northwest Laboratory
between 1964 and 1970. This way in a one-fifth linear-scale
model containment which, while it was very useful in
demonstrating the main processes, was hardly representative
of the great complex of structures and equipment packed into
an actual-reactor containment. Nor did it take into account
transient heat transfer conditions likely during a real accident
and it was only with some difficulty that the aerosols used in
the tests were able to be injected into the simulated contain-
ment building. Further development of computer codes based
on wider variety of experimental results can go some way to
giving more realistic figures for fission product retention for
the wide spectrum of different situations found, or postulated
under accident conditions, in different containments.

Another important consideration is of course, the inclusion
or otherwise, of secondary containment. German studies also
attribute considerable importance to the amount of space, if
any, betweeen the primary and secondary containments even
in the most severe postulated modes of failure of both con-
tainments. At the same time studies must include considera-
tion of accident scenarios which have the potential to bypass
the primary containment, usually to an auxiliary building
which by virtue of its standard of integrity can be considered
part of the secondary containment.

Even if a sizeable release of fission products were to get out
of a reactor containment building, there are -still plenty of
possibilities for harmless retention before reaching the sur-
rounding population. It is difficult, for example, to imagine
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Figure 1 Variation of results of early deaths in an
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Figure 2 Number of early deaths due to an acci-
dent against the frequency with which it is ex-
ceeded. (Both these figures come from evidence
given to the Sizewell Inquiry)

any mechanism for blowing a hole in a containment. that
would not be accompanied by a huge release of steam and
water vapour. On encountering the colder atmosphere out-
side, this would deposit as rain in just the manner needed to
pull down any associated aerosol releases of core material. In
any case, most of the mechanisms for catastrophic failure of
containments that have been put forward as remote
possibilities would occur below ground level, or into the com-
plex of surrounding buildings, where there would be con-

siderable potential for filtering effects in the ground and
debris.

Factors influencing releases

At all stages on the tortuous route of escape to the environ-
ment, the retention of fission products from a severely
damaged core is likely to be heavily influenced by two main
factors—the physico-chemical nature of the fission products
and the timing of the sequence of events creating the pathway
to escape. For consideration of the physio-chemical properties
the fission products are grouped roughly in order of decreas-
ing volatility.

The noble gases, krypton and xenon, for which the general
assumption now is that if an escape pathway opens then all the
noble gases will eventually get out. This is actually slightly
more pessimistic than the Rasmussen study in which a release
fraction of 90 per cent was assumed.

Radioiodine, has been considered the most important
category from the point of view of eventual radiological con-
sequences. The Rasmussen study adopted a 70 per cent release
fraction based on the distinctly pessimistic view that over 90
per cent of the iodine available for release would be in the
volatile molecular form. It is now recognised that, apart from
a small fraction of the organic compound methyl iodine, the
majority of the iodine will be in the form of inorganic com-
pounds, predominantly the highly soluble caesium-iodide.
Alkali metals, caesium and rubidium, would be expected to be
released as vapour if fuel reaches the melting point but would
subsequently condense to form aerosols. It is significant,
however, that they, like iodine, would be released before other
aerosols that would be likely to be produced during the more
drastic stages of the core slumping into a molten pool at the
bottom of the vessel or containment building.

Tellurium and antimony These groups would be expected to
emerge as aerosols with increasing
severity of core damage but
tellurium and ruthenium could be

Barium and strontium

Ruthenium scavenged by the molten steel and
zirconium that would also be
Lanthanum around.

It is not difficult to see how timing at every stage of a
postulated accident would have a major influence on the
releases fraction for the different categories of fission pro-
ducts. The progressively more extreme sequence of clad
rupture and oxidation, fuel melting and core slumping, and
molten fuel interaction with water, pressure vessel and
ultimately concrete, would extend over several hours of even
days with the different types of fission products being released
at different stages and in a variety of forms. In the primary cir-
cuit the range of postulated loss of coolant accidents means
that released fission products could have a lengthy route to the
point of leakage with ample opportunity for retention in the
labyrinth of structures above the core or in the miles of steam
generator tubing. But in the case of a large hot-leg break they
could be swept out in a matter of seconds.

The most important consideration in accident scenarios that
culminate with a release to the environment is the time
between the initiating event and the failure of the contain-
ment. With the majority of postulated sequences of events it is
very difficult to see any way in which there could be early
failure of the containment. Apart from the special case of a
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containment being bypassed—which is discussed below—
most studies start with containment failure at two and a half
hours after the incident and last several days. Clearly this
leaves a great deal of time for the different retention
mechanisms to have an effect. But it is still necessary in the
Devil’s advocacy process of regulation to look for any remote
mechanisms for early failure of the containment and to see
whether these could occur along with fast release sequences
from the damaged core and primary circuit. The contention of
those now advocating substantial reductions in source terms is
that there is no such combination of events to which a mean-
ingful probability can be attached.

There is, however, one accident scenario that has been
postulated to cause a rapid bypassing of the containment to
the auxiliary building or secondary containment. Ironically it
is associated with the engineered safety systems for emergency
injection of cooling water. It assumes a blow down to the
auxiliary building due to failure of the isolation valves for the
coolant injection system. Design improvements have been in-
troduced in recent plants to further reduce the possibility of
this particular sequence of events. Recent analysis also in-
dicates that a great deal of steam and water would be
associated with the release giving enhanced retention of fission
products in the auxiliary building.

Yet another very remote possibility that has been postulated
is a steam explosion caused by molten core material in the con-
tainment sump. Although this could not occur before release
and deposition around the plant of all the remotely volatile
fission products, it might just be an explosion of sufficient in-
tensity to cause resuspension of some of the fission products at
the same time as blowing a hole in the containment. Most
recent analysis, however, is increasingly sceptical about the
possibility of getting conditions for such a steam explosion.
After melt-through of the vessel it would require a large lump
of molten metal to fall into a pool of water in the sump. But it
seems much more likely, especially considering the multitude
of small penetrations in the bottom of most designs of reactor
vessels, that any melt-through would take the form of molten
material spraying out in all directions to be scattered around
the concrete walls of the reactor vault.

Experimental studies

A wide spectrum of experimental studies is being undertaken
in many countries generally related to getting better data for
input to the models of fission product release following severe
accidents. They range in size from relatively small but quite
difficult laboratory scale experiments to determine the
physico-chemical characteristics of fission product releases to
large blowdown facilties and reactor loops, several of which
are internationally sponsored projects.

The characteristics of fission product release at the point of
emission from overheated or melting fuel is difficult because it
is necessary to ensure that the experimental sampling system
does not itself affect the form of the fission product release.
The experiments are not made easy by the need to use real
fission products, either generated by damaged fuel pins in a
reactor loop or by heating samples of highly irradiated fuel in
furnaces.

Examples of techniques being used for out of pile ex-
periments are provided by work at the Argonne and Oak
Ridge National Laboratories in the US. In the first case the
fission product emission from a small hole in a heated sample
of irradiated fuel is drawn directly into a mass spectrometer.
Initially experiments are with fission product release into a
vacuum but later experiments will investigate releases into dif-
ferent mixtures of steam, hydrogen and air to simulate the
actual environments likely to be encountered in a failed
reactor core.

The other approach involves melting irradiated fuel in an in-

duction furnace and sweeping the released material into
thermal gradient tube, in which the temperature drops from
1 000°C to 150°C, and thence into a series of high efficiency
filters. Analysis of the activity deposited in the thermal
gradient tube and on the filters provides information on the
quantity and form of the released material.

With in-pile experiments, the difficulties of measuring fis-
sion product release are compounded by all the problems of
safe operation within an expensive reactor facility. Ex-
perimental programmes tend to evolve cautiously from studies
of fuel behaviour under increasingly severe blow-down con-
ditions towards the point of fuel failure and release. Only in
subsequent extensions are some of the programmes going
beyond design basic accident conditions to look at releases
from fuel melting that might result from hypothetcial severe
core damage.

Such a programme of experiments is being conducted at the
research centre of the French Commissariat a 1‘Energic
Atomique at Grenoble with single-pin rigs in the Siloe research
reactor. A rig known as Flash has now been extended to
become Flash CSE (Combustible Severement Endommage).
The programme also referred to as Flash-TMI is looking at
releases from pre-irradiated damaged fuel pins-in the
temperature range 1 350°C to 1 800°C that might result from
a small loss of coolant accident. This series of experiments is
due to be completed in 1984.

Perhaps the most important in-pile experiments directed
specifically to getting information on fission product release
fractions rather that a wider range of information about
severe accident phenomina, are in In-Reactor Source Term
Experiments sponsored by EPRI. They will be carried out
using pre-irradiated fuel rods from the BR3 reactor—a small
experimental PWR in Belgium—in the Treat facility at
Argonne. The experimental rig incorporates detectors to
measure the physico-chemical properties of the released
fission products as close as possible to the source of emission.
This programme, which was initiated last year, is due to be
completed in 1985.

Larger and more dramatic programmes of experiments
aimed at determining the behaviour of multi-pin fuel clusters
under increasingly severe conditions are being carried out in
special purpose test reactors such as the Power Burst Facility
at Idaho in the US and the Phebus reactor at Cadarache in
France. Similar experiments are being conducted in loops on
the NRU reactor at Chalk River in Canada and on the Steam
Generating Heavy Water Reactor at Winfrith. While these ex-
periments are mainly aimed at determining coolability under
blow-down conditions and the possible consequences if clad
ballooning develops in the bundles, they will in their later
stages involve experiments with fission product releases which
should help in analysis of source terms. The same is true of
two of the experiments in the latest phase of experiments on
the Loft reactor in the US which are now being sponsored by a
number of member countries of the OECD Nuclear Energy
Agency.

Given the thermal-hydraulic conditions, and the chemical
composition of iodine and caesium, the prediction of the
bahaviour of released material is a straightforward matter for
the chemists. But knowledge of aerosol behaviour is relatively
less well understood. Work to put this right was first started in
connection with development programmes for sodium cooled
fast reactors, but having reached the position where aerosol
release has been shown not to be the major problem once
thought for fast reactors, attention has been turned to studies
of the aerosols that might be expected from a severely de-
graded light water reactor core. From laboratory scale ex-
periments with non-active aerosols, notably at the Karlsruhe
research centre in Germany, greatly improved codes have been
produced for predicting aerosol transport. In particular it has
been observed that in a moist atmosphere aerosols aglomerate
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readily to form large particles which will settle out on exposed
surfaces or clog up in escape pathways.

Similar aerosol studies are being carried out in a number of
countries. The main problems are development of larger
aerosol generators which will produce a realistic non-active
simulation of the mixture of core materials that would be ex-
pected from a severe accident and the devising of large
chambers, simulated structures and filtering systems to model
escape pathways. In France previous work on aerosols in a dry
atmosphere will be supplemented next year with a series of ex-
periments known as the Piteas project. These will make use of
a 3 m’ stainless steel chamber to study the behaviour of
aerosols in a wet atmosphere.

Two large experimental projects are being developed, with
international support, to assess the transport or retention of
fission products in aerosol form. The first, concerned with
aerosol transport in the primary circuit of a light water
reactor, is the Marviken project in Sweden, supported by
Canada, Finland, France, Italy, Japan, the Netherlands, the
UK and the US. The facilities at Marviken, once intended for a
large pressure vessel type of heavy water reactor, have already
been used as a blow-down test facility. Now a full scale model
pressure vessel is being fitted inside the former reactor
pressure vessel together with a large aerosol generator and
other simulated components such as core internals, pressuriser
and relief chambers. The aerosol generator will be able to pro-
duce more than 100 kg of non active material, simulating the
aerosols that might be expected from a severely degraded
reactor core. Six large scale tests are being planned to measure
aerosol behaviour under different conditions. Scheduled com-
pletion date for the programme is 1985.

The second large project, currently supported by Germany
and Switzerland, is Demona (Demonstration of Nuclear
Aerosol behaviour). It is studying aerosol release into a con-
tainment building. A one-quarter scale model of the contain-
ment of the Biblis B reactor at the Battelle—Frankfurt
research centre, previously used for blow-down experiments
as part of the German programme of reactor safety studies,
will be used for the new series of aerosol tests due to be com-
pleted by 1985. While the containment configuration models
German PWR plants, the object is to demonstrate aerosol
depletion in a large scale facility and to validate further the
computer codes which should have more general application.

The great importance of the time between a postulated
severe core accident and possible failure of the containment
building means that source term studies are very concerned
with the results from a great variety of research programmes
on containment integrity. It is generally considered that if a
containment is going to fail it would be by over-pressurisation
developing over several days, but pressure spikes caused by
burning of the large amount of hydrogen produced if a core
suffers sever damage might just result in earlier failure. There
is also the question of whether it is possible to postulate steam
explosions or depressurisation accidents of sufficient violence
to turn debris into missiles capable of penetrating the contain-
ment.

These questions are being addressed in a wide range of ex-
perimental programmes ranging from laboratory scale tests on
the melting characteristics of fuel material and associated
hydrogen production to destructive pressure tests on model
containment structures. There are also tests involving the
firing of projectiles at concrete walls (see ATOM April 1983
Number 318 p66 and following.)

In an effort to answer once-and-for-all whether there is any
possibility of steam explosions following a postulated core
melt-down dramatic tests are being carried out at Karlsruhe.
Sizeable quantities of molten fuel materials is dropped into
pools of water or onto different types of concrete. A new
Molten Fuel Test Facility at Winfrith has just been completed
and will complement the German work with a programme of
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Figure 3 The 25 kg charge container being

in-
stalled in the insertion mechanism for the Molten
Fuel Test Facility at the Winfrith Atomic Energy
Establishment

experiments including dropping 25 kilogram quantities of
molten uranium dioxide into water in a stainless steel test
chamber.

Programmes by the US Nuclear Regulatory Commission
are underway at Sandia National Laboratory to determine the
behaviour of containment buildings, including electrical and
mechanical penetrations, when subjected to an extra sever ac-
cident. Scale model tests of free standing steel containments
are in progress and a reinforced concrete containment model is
being designed. The programme is intended to provide bench
mark data for evaluating computer codes and to give some
estimates for possible leak rates through penetrations.

Where do we stand on source terms?

Readers will no doubt have realised that the biggest problem is
to pull together all the different aspects of the source term sub-
ject so that more realistic assessments of possible fission pro-
duct releases and the associated consequences can be adopted
for future regulation of nuclear power plants. It would be nice
to think that definitive results from the various experimental
programmes will, in a few years, yield a revised set of release
fractions for the different fission product categories and that
it will be possible to feed these into Rasmussen type risk
studies to obtain revised probability curves for fatalities and
damage. But those safety review bodies that have looked at the
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problem in any sort of detail seem to agree that there is no
prospect of a single set of revised release fractions. Rather
there are going to be different sets of release fractions for dif-
ferent accident sequences and different plant configurations.

That said, it is clear there is a broad consensus that in the
majority of accident sequences a substantial reduction is likely
for iodine and the other fission products and that only with an
accident sequence that includes some form of early contain-
ment failure might the release fractions for these fission pro-
ducts approach those used in the Rasmussen study. Since the
probability of such an accident sequence is very small—some
would say negligible—the final result should still be a substan-
tial reduction in the probability-consequence curves. But it
may require an exercise on the scale of the Rasmussen study to
establish these revised curves.

The interim approach used in the submission to the Sizewell
B inquiry is illustrated with just two diagrams from the mass
of information presented on the subject of degraded core ac-
cidents. Figure 1, shows the probability curves for early
fatalities for six accident sequences resulting in release from
the containment. It is based on calculation methods and
source terms similar to those used in the Rasmussen reactor
safety study. Figure 2 provides a comparison of total prob-
abilities for four of the accident sequences with a so-called
second estimate in which a probability spectrum for reduction
in the release fractions has been factored into the calculations.
It should be noted that the accident sequences considered in-
clude two (1 and 2 on the diagram) which assume early con-
tainment failure, one through a bypass to the auxiliary
building and the other as a result of a steam explosion. It is
also clear in going through the carefully worded submission
that even the second estimate release fractions err heavily on
the conservative side.

Preliminary re-runs of some of the consequence models of
the German Risk Study, using improved estimates of fission
product release from the Karlsruhe research work, have sug-
gested a reduction by a factor of 100 in the number of early
fatalities that might be expected in the case of failure to isolate
the containment after a degraded core accident. The previous
projection of no early fatalities following a late over-
pressurisation failure of the containment, has been further
strengthened following experiments in which molten core
material has been contacted with the silicon used around
German reactors. These results, together with the high
pressure and double containment structures used, suggest that
failure would not occur for at least five days rather that the 27
hours assumed in the earlier German risk study.

Work sponsored by NRC at the Battelle Columbus
laboratories is directed towards new risk assessment of the
relevant accident sequences on five representative plants—a
PWR plant like the Surrey unit, which was used as a reference
in the Rasmussen study, along with the Peach Bottom and

Grand Gulf BWRs, the Sequoyah PWR with ice condenser
containment and the Zion PWR. Even with this range of
plants, the biggest problem emerging from the studies is the
applicability to the wider range of containment designs
already in use and in particular to the crucial question of
probability of early containment failure. Reports on all five
plants should have been available at the end of 1983. Formal
peer review of the studies will be conducted by the American
Physical Society, this is scheduled to be completed by June
1984. Also due in June is the NRC’s draft position on the
source term (eventually to be published as NUREG 0956.)

A parallel effort being undertaken by the Industry De-
graded Core Rulemaking (IDCOR) working group under the
aegis of the US Atomic Industrial Forum is conducting studies
based on the same group of representative plants, excluding
Surrey. The project was originally scheduled for completion in
July, but has been delayed somewhat. The working group
planned to have the results by the end of last year. Early infor-
mation on the results indicate that they are likely to be very
much lower than results produced by NRC and Battelle. The
main difference is related to the assumptions made on the
possibility of early containment failure.

Finally a committee set up by the American Nuclear Society
is attempting a quantitative assessment on the factors effecting
fission product retention in a nuclear plant, with particular at-
tention to containment systems and accident sequences. The
Committee is aiming to release a draft report at the end of the
year.

Internationally, efforts to collect and review the expanding
body of source term information are being undertaken by the
NEA’s Committee on the Safety of Nuclear Installations and
the International Atomic Energy Agency. But the industry and
regulators in other countries are very aware of the major im-
pact that deliberations of the US NRC will have upon the final
outcome and there seems to be little prospect of any of them
adopting interim or revised source terms before the US. O

Reprints from ATOM

From time to time main articles in ATOM are reprinted as
separate booklets. Recent reprints from ATOM include:

Studies of the effects of missile impacts on structures
by Peter Barr (April 1983)

New technologies in a changing energy situation

by Sir John Hill (May 1983)

Winfrith —enhanced oil recovery by Dr W N Fox

(May 1983)

Consequences of release of activity during irradiated fuel
transport by R H Clarke and K B Shaw (June 1983)

For copies of these reprints please write to Room 119,

UK Atomic Energy Authority, 11 Charles Il Street,
London SW1Y 4QP.
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