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ABSTRACT

Some experiments in research reactors are arguably
a risky undertaking due to their uncertain outcome.
The justifications for such experiments require
careful assessment to validate their undertaking.
The public, the operators and the installation
itself must be safeguarded. Assessment of the
potential risk is an acquired skill but in doing so
the route can be eased by learning from the lessons
experience can teach. This paper, essentially for
the usage of safety managers, sets out some of the
issues relating to the assessment process, gained
from our experience over a few tens-of-years in the
assessment of experiments. Many of the conclusions
reached may appear all too obvious viewed in
retrospect, but they were not necessarily clear at
the time. Those organisations setting up
assessment teams may find some of the conclusions
of value such that their proposed management system
can embrace methodologies for assessment that can
avoid or lessen the impact of some of the pitfalls
we have tried to identify. Failure to recognise
some of these points may run the risk of delayed
clearances, dilated timescales and cost over-runs.
It is in the hope of reducing all these penalties
that we offer our experiences.

1. BACKGROUND INTRODUCTION

There is little doubt that some experiments mounted
in research reactors represent a potential threat
to safety. Lack of knowledge has led to the
experiment and this must reflect in a measure of
uncertainty in the outcome. Furthermore the
experiment will have a measure of human involvement
resulting in the use of judgement, during the
experiment. Whilst careful design, planning to
meet unexpected events and recovery procedures will
be available nevertheless rigs or loops or
experiments do attract a significant measure of
uncertainty, compounded with the risk of human
error.
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There is a need for safety both to protect the
public, the reactor operators and the investment.
It is important to demonstrate that experiments are
acceptably safe.

The scene is set for the operator/scientist to
compose a justification for the experiment. This
justification will require validation by a process
of assessment, probably by a safety organisation.
This paper, written essentially for the benefit of
emerging organisations, with a need for guidance
into the processes of regulation, will discuss
experience and lessons learned in the assessment of
safety justifications. In retrospect much of the
material in this paper may be viewed as obvious and
common sense. In our experience involvement in the
technical issues of assessment can blind the
participants to some of the important
organisational and management features of the
assessment process.

The opinions in this paper are those of the author
alone and do not necessarily reflect the policy of
SRD or the UKAEA.

1.1 Assessors and Designers/Operators

Where does the safety assessment process start? It
does not commence with the submission, to the
safety organisation of a series of documents that
describe and justify the safety of the experiment
already designed and constructed by the operator
scientist. Such an approach can only mean the
Assessors are being presented with an attempted
fait accompli. Whilst this may appear to be a very
unlikely episode nevertheless attempts to complete
a justification very late in the proceedings, for
equipment already manufactured, have been
experienced and are often an outcome of a history
of changes or modifications to the original design
made in the hope that the justification will be
finally found acceptable.

Here then is one of the great problems underlying
the production of a complicated experiment or rig.
Whilst the initial concept is made clear and the
basic principles laid out, the criteria for
acceptability described and the safety assessors
brought into early phases, nevertheless the
clearance of the equipment at the feasibility stage
can only be in principle. At this stage there is
very little detail available for safety assessment
since the design concept is based on broad ideas
set up to show the experiment can be conducted
within an apparent budget and timescale.
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The project relies entirely on the skill and
experience of the engineering designers and their
ability to plan a programme for design,
construction and loading of the experiment into the
reactor. It is at this early stage in concept that
the designer and safety authority must come
together and thoroughly understand and appreciate
exactly what phases and processes of assessment lie
ahead. The designers should appreciate not merely
the rather obvious aspects of safety such as the
definition of acceptable codes of practice,
criteria for the acceptability of risk etc etc, but
should understand too how the assessor will analyse
the justification. What methods will be used and
how will they be applied?

The methodologies for safety assessment should be
properly understood by the designers and
interpreted to those designers by the safety
engineers in documented notes that record the level
of mutual appreciation.

If an analyst describes to a designer the tools he
will use to assess the safety of a rig this must
have a profound impact on not only the
justification of the design but even on the design
itself. It is easier to show a design may be found
wanting, to a greater or lesser extent by an
analyst, when the designer proceeds in his own
manner, than when the designer has followed the
procedures and methodologies of the analyst. In
the latter case the stones to be turned by the
analyst have already been turned by the designer in
his justification. What then does the assessor
want to see, how can he be clearly satisfied?

1.2 The Creation of the Safety Justification

Firstly, before answering the question let us
consider, two possible approaches to the creation
of safety justifications. The safety regulator can
prescribe a large range of criteria and limits
which must be met by the design. The designers
task is to produce a design that fits within this
prescribed set of rules. Here the onus for the
degree of safety likely to be achieved is that of
the regulator. It is his skill, experience and
judgement that has led to a set of rules which
govern the standard of safety required. There is
not necessarily any fault in this arrangement since
in an organisation with limited resources or where
central direction is found to produce the best
results then the process can be satisfactory.
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The alternative is to place the onus for creating
the safety case upon the operator, the regulatory
body only giving the major principles and criteria
for acceptability, leaving the margins, limits and
rules for the operator to justify. This approach
is based on the belief that it is better for the
operator to understand and appreciate the full
impact of safety issues since he will be managing
the risk. The assessor will confirm in his
analysis that sufficient work has been done to make
out an adequate justification.

This strategy is satisfactory where the supplicant
has the resources (skills, manpower and
experience). Without these resources it may be
better for smaller nuclear research endeavours to
adopt the former approach. Our experience relates
to the operator justifying the safety case and
accepting the onus that the burden of proof lies on
him.

It is vitally important, in our view that the
designer/operator understands clearly how the
justification will be analysed. This is not always
the case. Experience has been obtained of
shortcomings in the acceptance of a justification.
For some equipments the designer/operators has
arrived at the safety requirements by following
time honoured routes based on a deterministic
approach to the safety case. Such justifications
have been assessed in a routine manner and found
acceptable. Difficulties arise when the designer
follows a traditional approach and the assessor,
recognising that the safety issues may not be met
merely by traditional deterministic routes, seeks
other methodologies, such as the probabilistic
approach, particularly where beyond design basis
events are foreseen. Historically the point has
been passed where a justification could be made out
"incredible of failure" ie the chance of failure
was inconceivable.

Nevertheless designers still need reminding that a
full justification may be sought not only through
deterministic methods but also via probabilistic
safety analyses. Hence the vital importance of the
designer/operator knowing from the outset exactly
what assessment methods and uncertainty analyses
are likely to be applied. A running dialogue from
initiation of the project through the agreed
assessment milestones can avoid misunderstandings,
allegations of changes in standards of
acceptability and other such recriminations. These
latter elements result in delays, cost increases
and resource crises as the programme dilates.
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The first major conclusions therefore are:

(a) Make clear exactly what the criteria are for
acceptable safety.

(b) Design/operator to discuss and identify the
methodologies for safety (deterministic,
probabilistic analysis).

(c) Declare the safety principles (typically
redundancy, diversity, segregation, common
cause etc).

(d) Define the design limits, maxima, minima etc
in a specification.

(e) Document the above items in a memorandum of
understanding, at the outset of project or
undertaking.

Misunderstandings, misconceptions and divisions of
opinion can be avoided if these precautions are
adopted at the outset.

2. PROBLEMS ARISING AFTER THE IMPLEMENTATION OF
THE INITIAL MEMORANDUM OF UNDERSTANDING

As a complex rig is progressed from the drawing
board into reality so, as with most engineering
designs some working compromises may be needed. It
may transpire that combinations of elements such as
pressure, stress and heat transfer require
reoptimisation in order to stay within the envelope
of the acceptance criteria. This is normal.

Change however can reflect on safety, and
experience shows that this is not always properly
appreciated, or noted too late after a milestone
has been passed when turning back is seen as
"impossible". This is potentially a very serious
stage in the proceedings and every effort must be
made to ensure the safety assessors are aware
of the detail relating to the changes.

The response of the safety authority must be, in
our view, clearly stated in terms of what extra
requirements may result from the changes or
modifications. Any design modifications,
manufacturing errors, and deficiencies not within
the original specification must be reported to the
safety authority.

During the modification the designer must maintain
full quality assurance for the data and their
influence on the safety case. Whilst this
precaution may appear to be elomentary our
experience is that full consultation on changes,
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from the onset of change, is not necessarily
undertaken. For example the assessor should be
present when any trial is being planned to acquire
data important to the justification so that its
relevance can be confirmed.

Programme time must be allowed for not only
producing safety documentation, so that it is
available to the assessor but also time must be
permitted for the inevitable secondary phase in an
assessment when points arising require response
from the designer/operator. These secondary
questions are usually related to prime safety
issues where reassurance is sought to satisfy the
assessor.

This secondary phase is arguably the most important
since doubts in the mind of the assessor are likely
to be significant to safety and may require some
effort to assuage. Programmes rarely if ever, have
built into them time for the secondary phase to be
resolved yet in our opinion it is this secondary
phase that requires significant effort.

It is almost impossible to anticipate what
particular technical issue may alert the assessor
to a need for greater in-depth treatment than that
supplied. However the major safety issues can be
identified at an early stage. The designer and
assessor should get together and debate these
safety points so that when the justification is
produced it is very likely to create only
relatively minor secondary questions.

Here the liaison arrangement must be seen as a
delicate and carefully balanced exercise; the
assessor must not tell the designer literally what
must be provided. Nor must the designer ask the
assessor what it is exactly that is wanted.

We see these liaison meetings as a vital plank in
the creation of a system for mutual respect between
the designer/operator and assessor. This dialogue
must be kept up throughout the safety campaign.
Each party can guard its independence through firm
but amicable dialogue, without collusion, and agree
on plans to achieve the common goals. Agreement on
resolved safety issues should always be
documented.

Once this level of understanding is reached the
safety justification can be more rapidly produced
since the direction, scope and range of the
document are settled. This liaison process is
infinitely more productive than the confrontation



1152

attitude ("this is what he will get" versus "this
is what I want" with neither party prepared to
readily give way).

The second set of conclusions are therefore:

(a) Involve the designers and assessors together
with design changes, modifications, tests and
repairs that influence safety. Categorise
modifications if numerous with the highest
class requiring clearance by the assessor (but
notify the other categories too).

(b) Present safety information such that the
assessor is given reasonable time to reflect
on the material; do not expect an "instant
assessment".

(c) Allow time for secondary questions from the
assessor in the safety programme; these
questions are likely to be the more
significant ones.

(d) Plan to identify the safety issues of
significance at an early stage together with
the designer and the assessor and the likely
means to resolve them in principle.

(e) Create a dialogue for the exchange of opinion,
to create a middle ground, documented as a
record of agreement and understanding.

3. THE REVIEW PROCESS

Common sense statements of the obvious would appear
to be expected in a safety justification, yet
surprisingly, this is by no means always the case.
The assessor should find a clear statement of what
the safety case is trying to prove. The proposer
should define the aims and objectives of the case
and state the criteria for acceptance, the methods
used to formulate the safety arguments, the design
specification reference and any special bounding
rules. These statements should set out the stall
for the detailed arguments and justifications to
follow, confirming that the case is likely to be
soundly based. Regrettably such statements are
often absent from submissions, with the assessor
left to form his own views!

Reviewing is not checking. It is expected that all
calculations will have been checked by a QA system
operated by the designer. A paper describing the
QA system and its management could be an annex to
the safety submission. The assessor will however
review calculational methods such as computer codes
and form a view as to their suitability and whether
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the code is properly validated, particularly where
the designer has developed a code specifically.
Input data for use with codes should be pedigreed.
In novel situations it may be necessary to carry
out some independent calculations to verify the
safety case. Production of independent
calculational methods must be limited, at the
discretion of the assessor, to important results
however.

The assessor must satisfy himself that there are no
omissions or deficiencies in the case. Evidence
for the proper use of safety methodologies would
enable an assessor to conclude that a rigorous
approach had been adopted. Clear arguments
supported by validated data, well recognised theory
and gualified calculations methods again provide
evidence of a robust approach.

The reviewer should ensure the criteria are
acceptable, complete, have been properly applied
and that an adeguate margin to safety has been
achieved. The omission of attention to a criterion
should not arise at a late stage if the liaison
between the designer and assessor has proceeded
harmoniously. Raising issues relating to criteria
at a late stage can only create delay to the
clearance process. Where the margins are
apparently small, then an uncertainty analysis may
be called for as well as a sensitivity analysis.
The underlying assumptions adopted may play a
crucial part. We have found that uncertainty
analyses have been omitted or limited or the data
left for the assessor to carry out his own
analysis! Uncertainty should always play a part in
the analysis, in our view.
It is essential that the designer/operator is
absolutely honest and frank regarding the state of
the design, its analysis and the physical condition
of the actual hardware. Hardware guality will rest
on the reports of inspections and tests carried
out.

All deficiencies located during test and inspection
must be reported to the safety organisation.
Judgement will be applied as to whether a defect
falls above or below a reportable level. The
safety authority should be made aware that non-
reportable defects exist and that they have been
judgementally ignored. The safety authority may
wish to call in such reports to confirm that
judgement has been correctly applied. Our
experience is that defects or deficiencies have
occurred but have not been properly brought to the
attention of the assessor on the grounds that it
was a matter of no great concern, and therefore not
documented.
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Our view is that all information relating to
deficiencies however apparently trivial must be
recorded. The evidence should be judged by
interested parties, as to its significance at the
moment it arises but it must be documented, as part
of the quality plan and it must be dealt with
promptly. Later thoughts regarding the
significance of a fault or defect, leading to the
need to retest or repair may arise at an extremely
inconvenient phase of the programme, adding cost
and delay in excess of the immediate cost for
retesting, or repair, at the outset.

Our experience is that the assessor is
insufficiently brought into the confidence of the
designer/operator early enough to defuse events.
Why should this be so? Our view is that assessors
can be too aggressive at the early stages of a
design concept and overdo criticism when guidance
and comment and encouragement or even sympathy
would be the better approach.

Assessors can too easily forget that the amount of
engineering compromise to be exercised in the
formative stages of a safety study for a complex
rig can leave the concept vulnerable to criticism.
Heavy criticism at this stage is most inadvisable
since the reaction of the designer will be to
reveal details when they are more robust. The
withdrawal phase to harden-up the design results
in the exclusion of the assessor and a division can
be created between the parties leading to risk of
confrontation and fixed positions. Assessors
should be more humble in the knowledge that their
comments and criticisms carry great weight with the
designers and an "enabling" attitude should
prevail. This enabling role is the constructive
side of the assessor's task; adverse criticism can
tend to be destructive if insensitively utilised.

If an atmosphere of constructive criticism and
enabling comment is to prevail then mutual respect
and appreciation of the roles of the participants,
designers, operators and assessors must be created.

Where the outcome of the justification for a safety
topic has a major influence this fact should be
flagged up as a critical item and receive special
attention. The assessor should clearly state what,
in principle, are his major concerns so that the
designer/operator is in no doubt as to the points
requiring special attention. Failure of the
assessor to make his views known and indifference
on the part of the designer to meet the viewpoint
of the assessor can lead to an impasse.
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Undoubtedly safety costs money and at the heart of
the problem lies the thought that "too much effort
is being spent on unnecessary studies to satisfy
safety engineers who are unsure themselves as to
when adequate margins are available". The dialogue
between the assessor and the designer should
establish frankly what the assessor sees as the
deficiencies leading to inadequate margin. Whilst
safety is not an item to be compromised it is
certain that a measure of give and take where
judgement is concerned is the hall-mark that a
satisfactory middle ground is being established.

Since nothing is ever likely to be absolutely safe,
yielding by the assessor of a few points in favour
of the designer is not likely to compromise safety
to any significant extent, yet the effect on the
team work needed to progress the safety case can be
significant. Dogmatic insistence on every point at
issue is not only aggravating but undoubtedly
incorrect and symptomatic of lack of judgement.

The third set of conclusions are:

(a) The justification should make clear statements
of what the safety case is trying to prove.

(b) Reviewing is not checking; it is a process for
confirming that the science, data,
methodologies, computer codes and their
application are well recognised, valid and
properly utilised and that the conclusions are
sound and reasonable.

(c) A QA system that provides the evidence for the
validity of the calculations, inspection data
and test procedures should exist.

(d) Independent calculations by the assessor,
utilising methods devised if necessary by
himself, are an important aspect of review,
particularly when applied to key safety issues
(for which they should essentially be
reserved).

(e) Identified criteria should be addressed at a
very early stage in a dialogue of mutual
understanding between the designer and the
assessor.

(f) All relevant information relating to the
design should be documented and declared to
the safety authority. Complete frankness is
essential.
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(g) The designer/operator should bring the
assessor into his confidence. Assessors
should remember the sensitivity of designers
to premature harsh criticism and always be
constructive in their approach.

(h) The assessor should make it clear to the
designer/operator exactly what his concerns
are relating to major safety issues. The
designer/operator is to be in no do doubt
regarding their importance.

(i) A climate of give and take on marginal issues
should prevail with neither party adopting
entrenched positions. The objective is to
create an harmonious team relationship based
on firm but fair and credible view points.

(j) Be reasonable in mind and attitude.

4. GUIDELINES FOR ASSESSORS

Whilst checklists for assessors are undoubtedly of
great value in ensuing nothing of importance is
missed, it is not enough alone to ensure a
satisfactory assessment of the justification.
Assessors must exercise their own judgement as a
skill, and not rely on check lists.

There is no check list that, if fully completed,
will ensure the installation is adequately safe.
The safety assessor should be experienced in design
or operation or both. With experience the safety
assessor will acquire an intuitive feel for
critical issues.

Some of the methodologies adopted for analysis such
as fault and event trees for example are powerful
in that they represent a framework within which the
discipline for identifying likely safety issues can
be exercised and the hazards ranked as to
importance. Such methods are of undoubted value
and provide insights to safety matters or
dependence between events that mere passing
inspection cannot reveal. A fault tree analysis
can unveil subtle links between events which on
first examination may lie unsuspected. It is this
ability to create a discipline for analysis that is
the strength of the PSA methodologies.

The lesson emerging by analogy is that assessors
too must have a personal methodology for assessment
that is logical, comprehensive, based on extensive
experience capable of flexible adaptation to ncvel
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situations and soundly based on safety principles.
Such a mental discipline must be generated; a
haphazard approach will fail to identify weaknesses
in a case.

Throughout the process of assessment the assessor
will be asking himself questions such as "is this
reasonable, is this valid, is this recognisable as
sound". To answer the questions the assessor must
use his own judgement. Case studies from previous
experience backed up by sound technical training in
science engineering and safety principles will be
drawn on mentally when considering whether the
issue in hand has an argument that comes up to
expectations. This is obviously a very human
process, and like so many human activities is
vulnerable to factors that can influence judgement
such as stress, lack of confidence, sense of
isolation.

Our experience is to use a small team of 2 or 3
assessors who meet together with the group leader
and debate the issues, ventilating doubts,
proposing provisional solutions, adopting a devil's
advocate stance etc, until judgement can be applied
on a reasonable basis to all the points of view, in
some middle ground. The group leader acts as a
chairman, raising issues, challenging opinions,
seeking views, exploring ground until the real
position emerges and final judgement can be made.

It is clear from the above that instant assessment
mentioned earlier on in this paper is not a valid
approach. In the above form of debate more
thoughts can be raised and exercised. The forum
creates an atmosphere of positive thinking and can
reveal insights unlikely to be achieved by
individuals. It is, perhaps, the human analogy to
the fault tree, each member being a branch? The
forum should be reserved for the more important
issues since it can be costly to operate and
consume the time of assessors. It has been found
to be of enormous value in exploring all the likely
facets of a safety issue and helps to eventually
create a corpus of agreement which can be adopted
as the definitive view. This is the strategy to
adopt when individual assessors face uncertainty.

4.1 Final Set of Conclusions

In conclusion:

(a) Check lists and proforma and guidelines for
assessors are useful as aide memoires but
following these documents religiously does not
constitute an assessment.
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(b) Assessors should adopt a disciplined approach
to the process of analysis, adopting logical,
systematic methods which give insight into
subtle safety issues and the relative
importance of hazards and their inter-
dependence .

(c) There is an overriding need for the assessor
to apply his own judgement as to the adequacy
and veracity of the safety case.

(d) Sound judgement is based on effective
training, qualification and experience which
give confidence to the assessor.

(e) Never carry out an instantaneous assessment.
Understanding of where the real issues lie can
only be achieved through critical thought
processes; these take time and require due
reflection.

(f) Team discussions with a senior assessor as
Chairman can be adopted in order to understand
and resolve complex safety issues.
Uncertainty can be managed by this strategy.

Throughout this paper we have concentrated on
management issues related to the assessment
process. We have illustrated some of the problems
with general examples taken from experience. No
doubt, the lessons learned seem obvious when
recalled after the event. They were not obvious at
the time and a drift into less tractable positions
can insidiously occur. The skill is in recognising
when the drift into a confrontation mode is
occurring. Perhaps at quarter-term an overall
review is called for and conducted by a more senior
manager, such as the group leader. Such an
analysis may reveal any deterioration in either the
assessment process or the production of the safety
case. Management reviews by both the operator/
owner and the assessor at the more senior
management level could take place to discuss and
debate the progress on the safety campaign, as
currently perceived. We have not in fact conducted
such a strategy fully as yet but feel that it has
genuine potential merit, particularly for the
review of the more complicated installations that
have a multitude of issues presenting potentially
serious safety problems. We intend in future to
consider adopting this latter recourse, for
completeness.


