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ABSTRACT

The oasic functions of the Regulatory Review process are definea in
principle, and the need for- constructive inzerplay between regulation on
the one nand and research and develoDment on the other, in order to avoid
the dang-jn-s of being over-restictive or too permissive, is esxablished.

A numoer o^ practical examples from operating experience are quo-ed,
which il.us-rate tne chosen theme.



1. Irv.rociiiction

The Regulatory Review process is concerned with ensuring:-

(a) that design and construction is in accordance with current standards
and codes of practice where these exist and are applicable.

(b) that operating parameters are maintained at levels which provide a
suitable margin against the safety limits derived Trot,i the design
safety assessment.

(c) that these margins and limits are reviewed and revised when necessary
in the light of operating experience and the results of technological
progress, and in relation to improvements in understanding of the
problems involved.

(d) that operational surveillance techniques are adequate and are
periodically updated to take advantage of new developments.

(e) and that maintenance programmes are defined and observed so as to
permit safe operation under economically efficient conditions-
throughout the life of the plant.

Clearly the regulatory function cannot be based on immutable precepts
but rather must move with the times and take account of changes in acceptance
criteria, of the availability of improved behavioural understanding, and of
new theoretical studies, reliability, analytical and surveillance techniques.
Indeed it is desirable that Regulatory Bodies play an active part in spon-
soring and initiating R & D work in these fields. In the absence of such
work the margins wich must be set in order to allow for uncertainties will
continue to be either unnecessarily restrictive or unwisely permissive,
neither of which extremes is consistent with safe operation at the highest
possible economic level.

2. Illustrative 'Cases

Although UKAEA reactors are not subject to regulatory review by the
Nuclear Installations Inspectorate, the objectives of such reviews are
achieved through a network of Safety Committees and Working Parties on which
the independant Safety and Reliability Directorate is represented. The
function of these bodies is to advise management on the design and opera-
tional safety of the reactors and the need for special R & D support and to
determine the content of Operating Rules and Safety Limits documents on
which initial and continued authority to operate is based. Some examples of
the interplay between R & D and regulation follow.

(a) Safety of Pressure Vessels

The earliest Stage I gas cooled graphite moderated Calder and
Chapelcross reactor vessels were designed to BS15OO with generous
margins in respect of choice of material and service conditions to pro-
vide reassurance against failure during their life by creep and
stress rupture. Brittle fracture was recognised as a relevant factor
and countered by guaranteeing to maintain the vessel always above
its crack arrest temperature. Subsequent research and development
in fracture mechanics identified the possibility of fast ductile
fracture by the propagation of cracks greater than the



'..ritical crack length for the material, which is a function of
fracture toughness. Where the initial pre-commissioning pressure
test had been conducted at a pressure giving a safety factor of
1.6 - 2.0 times design pressure this could provide some reassurance
against this failure mechanism. In the AEA the practise of con-
ducting repeat proof tests at specified temperature and pressure
conditions was developed in order to provide a period of immunity
(the test interval) during which existing defects would not grow to
critical length - or conversely to ensure that if the vessel might
fail before the next test, it would do so during the test itself,
with lesser safety consequences. Such considerations are of obvious
relevance to the regulatory function and the periodic inspection/
testing of reactor vessels is kept under continuous review by a
Pressure Vessel Periodic Inspection Committee set up for each power
reactor operated by UKAEA.

(b) Sodium-Water Reaction

The incompatibility of sodium and water and the violence of their
interaction have always been of concern in respect of their separa-
tion by a single tube wall in modern heat exchanger design, partly
because of the possibility of causing a pressure front in the
primary circuit., and partly because of the possible extent of damage
to surrounding tube bundles and the magnitude of reaction products.

In this context and in the absence of suitable research and develop-
ment, the regulatory attitude could well be that where incompatible
coolants are used provision must be made to prevent them mixing and
to prevent harm to personnel and safety related structures in the
event of them doing so.

The problem has been tackled in the NOAH and Small Water Leak Rigs at
Dounreay, in which the extent of reaction resulting from injections
of water into sodium through pin-hole defects for a time consistent
with the detection and dumping system capability and response
characteristics, has beer, studied and found to be not a serious
objection to this design of heat exchanger.

(c) It can be a matter of safety principle on certain reactors that it
should be possible for decay heat to be removed from a reactor to an
adequate heat sink at any time in the life of the plant, irrespective
of the availability of external resources. Credit can be claimed for
natural circulation providing its effectiveness can be demonstrated
in respect of adequacy, stability and reliability. Such a demonstra-
tion involves a combination of theoretical study and experimental tests
in order to show that the mechanism is understood and that not only
is the capacity for heat removed adequate, but that the transition
form forced to natural convection is uninhibited by reversed
differential heads etc. leading to an unacceptable stagnation period.

The first line of defence against loss of forced circulation in the
PFR is via the three pony motor drives, there being a very low proba-
bility that the essential one from three wili fail to clutch in as
the main pumps coast down in speed. In spite of this the problem has
been studied theoretically by the TRUDI and BUNTY Codes and some
preliminary exDeriments have been done in a water rig which suggest
that at very low flows the onset of boiling can stimulate the
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initiation of natural convection. The design of a sodium rig in
which this v.ork could be further developed for future reactors is
well advanced. In addition a series of experiments in the reactor
itself is in progress aimed at demonstrating the capacity for
natural convection heat removal at successively higher powers and
the smooth transition from forced to natural convection in the
event of loss of electric supplies coupled with failure to engage at
least one of the pony motor drives. It is intended to proceed with
these tests so as ultimately to demonstrate natural convection
capability and take up after a trip from full power, which would
satisfy the quoted principle.

(d) Fuel Failure

The mechanism of fuel pin failure in fast reactors and the possibility
of blockage by the resultant debris, restricted coolant flow leading
to overheating, and escalation of the failure to involve the remainder
of the sub assembly has always been a matter of concern in safety
studies. From the regulatory point of view it might be suggested as
a principle that the protection system must detect the onset of pin
failure and shut the reactor down with adequate diversity/redundancy
in detection and corrective action, speed of response etc. The
important parameter here is the speed of response which is required
in relation to the rate of development or deterioration of the
initial defect, its effect on coolant flow through a partial
blockage, the effect of local boiling etc.

Such information can only be provided by a combination of rig and
reactor tests as part of the overall Safety R &. D Programme to
determine the extent to which a real problem exists and to guide
the protection standards to be set.

In this context the opportunity was taken in the closing stages of
DFR operation, to conduct a series of special tests involving the
deliberate reduction of flow in experimental sub assemblies so as to
provoke sodium boiling, to observe the stability or otherwise in that
regime, and to discover whether rapid deterioration leading to escala-
tion of the fault could occur. The results of this programme demon-
strated the ability of LMFBR fuel bundles to tolerate severe
localized faults without rapid deterioration into a possibly unde-
tectable and propagating incident. Support has been lent to this
conclusion by additional and exceedingly severe tests on a fuel pin
bundle in another reactor which was operated at full power with 35%
flow area blockage plus some secondary blockage present without
further observable deterioration. This work has contributed to the
view that the sub-assembly incident is of less concern than previously
imagined in relation to the need for very high speed detection and
shutdown to prevent escalation, and there is thus no need for such
provisions to be made as a matter of principle.

(e) Containment

Regulatory principles will require that the containment building will
be capable of protecting the public from the escape of any radio-
active materials within it with high probability of success and of
withstanding the effect of faults, account being taken inter alia of
any impulse loading, missiles, explosives etc. arising from such
faults. These aspects are notoriously difficult to demonstrate



adequately by theoretical calculations. In order to supplement the
latter, research and development is in progress on two aspects.
Experiments are being conducted in a Containment Modelling Rig in
.which explosive charges are fired inside modelled containment struc-
tures, suitably instrumented to provide information on the pressure -
-and strains produced; and a Missile Launcher is available which uses
compressed air to fire projectiles at containment specimens. The
outcome of such experiments will go a long way towards providing
evidence that the containment function will be fulfilled in the
context of regulatory requirements and public safety. ,]'. •"/ "• •

Conclusion

The foregoing was not intended to be a survey of R & Dwork in pro-
gress in the UK but rather to illustrate the type of work required and the
way in which it heeds to be-used to:support the safety case, particularly
in areas outwith normal codes and standards in order1 tomeet the spiritand
letter of regulatory requirements.


