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DEVELOPMENT OF SAFETY REQUIREMENTS

The designs and safety standards of the early UK
Magnox reactor stations were developed from the UKAEA plants
including the Calder Hall reactors. The Nuclear Installations
Act of 1959 placed full responsibility on the Generating Boards
to operate their nuclear plants safely and to ensure that no
injury was caused to any employee or member of the public.
Safety requirements have been therefore a dominant factor in
the design, construction and operation of nuclear plants since
the inception of the nuclear power programme in the UK, and
the contracts prepared in 1956 for the first stations at
Berkeley and Bradwell included preliminary safety reports which
described radiological protection principles and in depth
studies of fault conditions.
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Before placing orders, the CEGB had to be
satisfied that the safety report proposals were satisfactory,
and that designs were subsequently developed in accordance
with the safety requirements. After the formation of the
Nuclear Installations Inspectorate (Nil) in 1959» the design
and construction of power stations had to be assessed by Nil
inspectors, and their approval obtained for each identified
stage of construction or commissioning before progression to
the next stage. Although safety principles were established,
no detailed safety criteria were laid down. The Nil took the
view that it was more satisfactory to require the licensee to
produce a comprehensive safety case that would stand up to
rigorous assessment than to ask him to meet a set of criteria.
It was thought that the latter approach might encourage an
inflexible attitude to the solution of safety problems.

This procedure of safety reports first being
assessed and accepted by the Generating Boards and then beii?£
assessed by the Nil worked successfully throughout the
construction programme of the 18 Magnox reactors, and was
greatly helped by similarity of design concepts and fault
analyses. There were only two utilities (CEGB and SSEB) and a
small number of design companies involved, and their staffs
together with the Nil inspectors had a good understanding of
the standards required against which designs would be assessed.
A new situation developed with the advent of the AGR programme
in 1965» Between then and 1970 orders were placed for five
twin reactor stations each of 1300 MW4e) output including
three different reactor design concepts, based on the earlier
30 MW(e) prototype AGR at Windscale. Similar safety principles
were required as for the Magnox reactors, but improvements in
design and supporting technology enabled the Government to agree
that the last two stations at Hartlepool and He>sham could be
located on sites much closer to centres of population than
previously. The projects ran into difficulties due to some
unforeseen design and construction problems, and while the
final standards of safety achieved were not affected this did
mean that designs of various sections of the pliant were not
completed and assessed for safety until a late stage. As a
result, any modifications required as a consequence of these
assessments had a serious effect on the construction programme.
An example of this was the delay caused by the requirement to
substitute pre-stressed concrete closures for the boiler
penetrations on the Hartlepool/Heysham reactors in place of
single steel closures.

After this experience the CEGB 1J_ the early 1970s
decided to develop detailed safety criteria for future plant.
Accordingly soon after the SGHWR system was selected by the
Government in 1974 the CEGB in co-operation with the SSEB was
able to issue a set of safety criteria to act as guidelines for
the design company (now the Nuclear Power Company Limited). A
risk" assessment based on probability analysis had already been
carried out for the Hartlepool AGR by the design company
concerned, and it was agreed that a numerical approach such as
this could be a very useful tool for guiding designers and



carrying out г!зк assessments when appropriate data are avail-
able. The SGH¥R criteria incorporating information from this
work were issued in draft form first to the design company, and
then to the Nil for comment. This procedure was adopted because
it was considered that if the organisations concerned were in
general agreement about the criteria prior to their final issue,
then provided the detailed designs were developed in. accordance
with these criteria there would be little risk of the subsequent
safety reports not being approved by the Generating Boards and
the Nil.

SAFETY PRINCIPLES AND CRITERIA

The radiological criteria for acceptable doses to
employees and the public have always been based on the
International Commission for Radiological Protection recommend-
ations, ratified in the UK by the Medical Research Council.
The latter has also defined Emergency Reference Levels (ERL)
of radiation doses to the public during accident conditions,
being dose levels below which countermaasures such as
evacuation are unlikely to be justified (l). The safety
assessment methods carried out by the Generating Boards in
their submissions to the Nil for all commercial reactors have
been based on the credible/incredible approach, and the
essential principle is to ensure that no credible accident will
cause a radiation exposure to members of the public in excess
of 1 ERL. This does not imply that worse accidents could not
occur and consideration is given to them, but the design
interpretation is that the likelihood of such accidents
occurring is so remote that in general further safeguards are
unjustified.

Safety principles require that shutdown systems
are independent of the reactor control systems in order to
prevent interaction, and that two fail safe lines of protection
are provided which are tripped from different parameters as far
as it is practicable. Diversity of shutdown equipment was not
originally provided for the Magnox reactors, but after a review
in 1971 it was decided to install alternative devices which
would give additional protection against certain major faults
and this policy has also been adopted for the AGRs. The post-
trip cooling systems are all engineered to high standards of
reliability, but the type of equipment varies with the use of
diesels or gas turbines, the layout of electrical supplies,
and types of drives for gas circulators and feed pumps, and the
provision of alternative back-up cooling.

The CEGB design safety criteria for SGHWR were
derived from the experience gained in the design and construct-
ion of the gas-cooled eactors and include guidance for radio-
logical protection, radioactivity releases, shutdown systems,
essential post-trip heat removal systems, containment, external
hazards, radioactive waste management and quality assurance.



In preparing some of the criteria it was not easy to strike a
balance between providing adequate guidance and forming too
rigid an approach, consequently they are not regarded as
mandatory and it was made known that if interpretation gave
rise to distortion of design or excessive cost then the
appropriate criteria or their interpretation could be reconsider-
ed. It is not possible in this paper to describe the criteria
in detail, but essentially they are designed to lead to safety
standards similar to those established in 1968 for the Hartlepool
/Heysham AGRs located at near-urban sites, with some up-dating
in line with current world trends. Some of the avore important
criteria are described below.

Radiological Criteria

(i) The external dose to members of the public from all
sources shall not exceed 0.1 rera/year and the dose
rate at the site boundary shall not exceed 0.01 mrem/
hour. In practice this defines the total radiation
level at the site boundary dr.e to direct radiation
from the plant and from the gaseous discharges»

(ii) The discharge of liquid effluent to the sea from a
site with four reactors shall not exceed 10^ Ci/year
of tritium or £0 Ci/year of other radionuclides.

(iii) Routine discharges of airborne activity must be
controlled in such a way that l/20th of a Derived
Working Level will not on average be exceeded,
although excursions of up to 4 times the daily rate
may be tolerated for not more than four consecutive
days.

(iv) A maximum dose for design purposes of 1 rem/year to
operators, so providing a good margin for novel
maintenance and inspection procedures. The objective
is to keep actual operational doses as closely as
possible in line with those being achieved at the
gas-cooled reactor stations, where doses do not
generally exceed 2 rem/year.

(v) Targets have been specified by the CEGB for the
acceptability of accidents by grouping them according
to their probability of occurrence and specifying
limits of radioactive releases in terms of dose
exposure to members of the public outside the site.
For example, accidents vhich could а̂лге exposures
within the limits 1/10 ERL to 1 ERL are required to
have a probability of occurrence not exceeding 10~*
per reactor year, and for exposures below 1/10 ERL
the probability should not exceed 10"3 per reactor
year.



An accident in which large numbers of people could
receive doses in excess of 1 ERL would in general be
one in which all the protective systems and barriers
have failed, involving fuel melting and release of
significant quantities of fission products to the
atmosphere. The CEGB considered that the frequency
of such large-scale accidents should be less than
10~7 per reactor year, although in practice it is
expected that final decisions on safeguards will
continue to depend to a large degree on engineering
judgments in which the probability assessments will
provide valuable assistance. Discussions on the
detail of these criteria are still continuing between
the CEGB, the SSEB, the Nil and NPC.

External Hazards

(i) In addition to the hazards considered for previous
stations, which include fires, flooding, wind loads
and disintegration of rotating machinery, it has
been decided to give consideration in future to the
possibilities of aircraft crash, gas cloud
explosions, earth tremors and sabotage. The UK
policy is that the reactor plant to be built at
Sizewell and Torness should be similar, and the
designs suitable without restriction or further
modifications for other new sites where these hazards
may have a greater probability of occurrence.

(ii) The design basis aircraft crash is taken to be a
multi-role combat aircraft (MRCA) travelling at
780 km/h, but the degree of protection to be
provided is currently under discussion as the risk
of a crash on a vulnerable part of the reactor plant
is extremely remote. In practice it is expected that
the requirements will be met by the containment
around the reactor and appropriate protection around
the irradiated fuel store.

(iii) For seismic disturbances a ground acceleration of
0.25 g has been adopted for the design at S.%zewell
which will be established with the use o:f conservative
linear elastic design procedures. A full, dynamic
non-linear analysis will be made at a later; date to
demonstrate the capability of the plant to/withstand
higher accelerations.



Currently the first Reference Design and
Preliminary Safety Reports have been prepared by the design
company, and an optimisation of the design is now in hand. It
is believed that the criteria have been valuable in high-
lighting safety design requirements at an early stage, and
ensuring that the high standards required by the Boards and the
Nil are achieved.

SAFETY ORGANISATIONAL REQUIREMENTS

The primary responsibility for the safety of an
operating nuclear station is placed on the Station Manager (2).
His staff are selected and trained on the station for competence
in the duties required. Additionally induction and refresher
courses are given at the CEGB's Nuclear Power Training Centre
at Oldbury, where reactor simulator facilities are available.
Continuing safe operation of the plants is ensured by
compliance with Operating Rules, Radiological Safety Rules,
various plant instructions, inspection and maintenance schedules
(3)« The Radiological Safety Rules deal essentially with radio-
logical protection to staff and form part of the licence require-
ments. The Operating Rules define the main operating parameters
and limits obtained from the safety reports and fault analyses,
and are drawn up so that the plant is operated in such a way
that it will remain safe under all credible fault conditions.
Compliance with these rules is monitored by the Generating
Boards' own independent Nuclea^ Health and Safety Departments
(NHSD) and by the Nil inspectors. Each station has a Nuclear
Safety Committee and. members include senior staff from the UKAEA
and BNFL. The Committees meet monthly and consider any
proposals from the Station Manager for changes or improvements
to the plant or to the Operating Rules, and review any safety
related problems arising from operation of the plant.

Three important procedural requirements are:

(i) The Station Manager cannot change the Operating
Rules without the agreement of the Nuclear Safety
Committee and subsequent agreement of the Nil.

(ii) No modifications can be made to any safety
related equipment, which includes the pressure
circuit, protection equipment and heat removal
plant, without agreement of the Nuclear Safety
Committee and the Nil. Any replacement
component that differs from the original has to
satisfy the Boards' Engineering departments with
regard to specification, testing and suitability
for duty, and all documentation has to be amended
accordingly.



(iii) Before approval is given for restarting a
reactor after each two-yearly shutdown and
statutory inspection, the Station Manager has
to submit to the Boards' Nuclear Health and
Safety Departments and the Nil information on
maintenance and inspection confirming that the
plant is in a satisfactory state.

OPERATIONAL EXPERIENCE OF SAFETY REQUIREMENTS

The UK's first commercial nuclear reactors were
commissioned in 1962 and there are now nine Magnox reactor
stations with two AGR stations recently commissioned. The
Magnox stations proved extremely reliable with availability
higher than that of comparable conventional plant (4)(5)«
The reactors are very stable in operation, and outages due to
spurious or real trips have averaged less than two per reactor
per year during the past 10 years. No event has occurred to
cause concern that fuel might overheat, and incidents of
interest which have initiated the protective equipment to
prevent this from happening are very limited. To illustrate
how the Managerial and Engineered safeguards have been contin-
uously and fully effective a selection of the most significant
events which have occurred during the past 10 years are
described below.

Failure of Gas Circulators

The loss of a single gas circulator does not now
usually cause a reactor trip at most stations. At certain
stations, where the gas circulators are supplied with power
from an auxiliary turbo-generator, a single event may cause
loss of all gas circulators. For example, at one station the
inadvertent tripping of oil pumps on such an auxiliary turbo-
generator caused the set itself to trip which in turn led to
gas flow reductions and the reactor automatically tripped
because its fuel element temperature trip settings were being
exceeded. The gas circulator pony motors started automatically
and the transient fuel element temperatures were maintained
within the fault study predictions.

Loss of Cooling Water Supplies

The ultimate sink for waste heat from the Boards'
reactors is the sea (except at Trawsfynydd where it is an
inland lake) and sufficient pumping capability is installed to
ensure adequate cooling water supplies at all times. There
have been however examples of abnormal incidents resulting in
serious reductions of cooling water flow. The effect of such
reduction in flow is cumulative and requires controlled action
by the Station Staff to reduce power followed by shutdown of
the turbo-generator , and then if necessary the reactors.



Two examples of conditions which have led to serious reductions
of cooling water supplies are as follows:

(i) At one of the nuclear stations a massive in-rush
of sprats into the main cooling water intake
occurred at low tide on two occasions within two
days of each other. This resulted in the turbo-
generator and the reactors being taken off load
with the shutdown being carried out as a normal
operation. Following these incidents the cooling
water intake was modified to reduce the effect of
future incidents.

(ii) At another station, following strong winds, rough
seas released large amounts of seaweed which were
drawn into the cooling water intakes. This
resulted in a loss of cooling water to the turbo-
generator condensers and the reactors were shut
down manually.

Loss of National Grid Supplies

Each of the CEGB's nuclear stations is directly
connected into the National Grid which transmits power at
voltages up to 400 kV. The Grid is very reliable and its loss
is highly infrequent during normal operation but it is a
condition assumed in all fault analyses that the fault itself
causes loss of Grid connection.

On most occasions any loss or disturbance has
been due to causes such as lightning strikes, and deposition
of ice or spray on high voltage insulations. In an unusual
case of some interest an extensive heath fire affected trans-
mission towers carrying Grid lines to a nuclear power station.
This caused severe disturbance and eventually all lines were
lost, causing complete severance of the station from the Grid.
Both reactors were tripped, the stand-by Essential Supplies
Diesel Alternators ran up to speed automatically and closed
on to the 3.3 kV Essential Supplies system to re-energise it.
The pony motors on the main gas circulators started automatically
as the gas circulators ran down in speed. Emergency boiler
feed pumps were run as necessary to maintain boiler water levels
and fuel element temperatures were maintained within the fault
study predictions.

Feed Water Restrictions

During commissioning a reactor was operating at
half power when problems arose with the boiler feed water
supply. Eventually the feed water pumps had to be tripped and
the reactor automatically tripped on "Loss of Feed Water"
protection from low flow initiating signals in the feed lines.



All control and shut off rods correctly entered the core.
Following the reactor trip the core inlet gas temperatures did
not rise above operating .levels. Feed water supply was restored
after one minute and normal temperatures restored.

Integrity of Primary Circuits

In the earlier Magnox stations the possibility of
failure of the external main gas ducts has always been taken
into consideration in design and in routine inspection* To date
the only defects discovered during in-service inspection have
been small cracks in convoluted bellows pieces. However there
have been some gas leakage incidents of interest. These are:

(i) At one station a 2.5 in. diameter stainless steel
flexible pipe forming part of the fuel element
failure (BCD) monitoring equipment failed while
the reactor was operating at pressure. CO2 gas
at high temperature was released into the BCD room,
and the situation was retrieved by manual closure
of isolating valves outside the compartment.

(ii) Reactors are fitted with vertical standpipes to
the pressure vessels for refuelling access, and
these standpipes are sealed in operation by closure
units fitted with various types of locking devices.
At most stations the operational procedures include
checking the closure units during the preliminary
pressurising of the gas circuit up to 30 lbf/in (g).
At one station the locking device failed as this
pressure was approached and before the checking
operation had been carried out. COg escaped from
the open 5 in. diameter standpipe on to the pile
cap, personnel quickly evacuated the area and there
was no radioactivity contamination. The situation
was retrieved by staff wearing breathing apparatus
moving the ejected seal plug and connecting the
fuelling machine to the exposed refuelling hole.

In-Core Debris

On all the Boards' nuclear reactors refuelling is
carried out on load a-s a continuous routine operation. The use
of the charge machine and other equipment operating above the
core occasionally causes minor damage to moveable parts such as
the grabs or fuel handling chutes. Material such as small bolts
or other steel fittings have become detached, and are usually
recovered from the charge pan area with the use of remote
television and retrieval equipment. Where it is suspected that
an item may have fallen into a fuel channel and cannot be
immediately recovered then an appropriate reduction in the
temperature trip from the appropriate channel gas outlet
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temperature measurements is made until the debris is recovered,
or a detailed assessment shows that it is safe to operate at
normal temperature trip settings.

Steel Oxidation

This problem has been described in detail elsewhere
(6). It was discovered in 1968 that some fasteners such as nuts
and bolts, and weld pads, in high temperature sections of the
Magnox reactors were prone to excessive strain due to build-up
of oxide in the interspaces. Possible failure of fasteners
had safety implications for the internal structures of the
reactors, but the situation was alleviated by appropriate
reductions in gas outlet temperature and power output (around
10%). Since then detailed checking at statutory shutdowns
combined with a continuing experimental programme has shown
this action to be effective, and oxidation rates are now in
general very small.

CONCLUSION

The paper indicates how the requirement for design
safety criteria is being met by the Generating Boards, and it
can be expected that the Nil will make available more published
general criteria in the future. There is a need to guard
against unjustified escalation of safety requirements and the
Boards believe that a consistent approach to safety is necessary.
The standards have always been high, and the excellent safety
record of the Magnox reactors confirms that they are practicable
and effective.
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