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FOREWORD

The International Nuclear Event Scale (INES) was introduced in March 1990
for a trial period, its primary purpose being to facilitate communication between the
nuclear community, the media and the public on such events. The scale runs from
zero, for events with no safety significance, to seven for a major accident.

The scale has been circulated to Member States of the International Atomic
Energy Agency and the Nuclear Energy Agency of the Organisation for Economic
Co-operation and Development for formal adoption. The scale has been refined in
the light of experience and extended to be applicable to any nuclear event that may
occur at nuclear power plants and at other nuclear facilities. It is designed to be an
important tool providing prompt, clear and consistent information on nuclear events
wherever and whenever they may occur.

The communication network of the 'INES Information System' receives from
and disseminates to the INES National Officers within twenty-four hours Event Rat-
ing Forms that provide authoritative information related to nuclear events when:

— significance to safety is of level 2 and above
— public interest outside the country where the event occurred calls for a press

release (level 1 and 0).

The Event Rating Form is meant to assist each INES National Officer in
providing the public, press and media of his or her country with the necessary infor-
mation on foreign nuclear events. This is supplied as a separate document by the
IAEA with guidance on its completion in the light of the views of INES National
Officers.

The IAEA promotes the use of the scale through training services.

.
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PARTI

SUMMARY DESCRIPTION

M . INTRODUCTION

1-1.1. Background

The International Nuclear Event Scale (INES) is a means for promptly com-
municating to the public in consistent terms the safety significance of events reported
at nuclear installations. By putting events into proper perspective, the scale can
facilitate a common understanding between the nuclear community, the media, and
the public.

The scale was designed by an international group of experts convened jointly
by the International Atomic Energy Agency and the Nuclear Energy Agency of the
OECD. The group was guided in its work by the findings from a series of inter-
national meetings held to discuss general principles underlying such a scale. The
scale also reflects the experience gained from the use of similar scales in France and
Japan and from considerations of possible scales in several other countries.

The scale is applicable to events at all nuclear installations associated with the
civil nuclear industry and to events during the transport of radioactive materials to
and from those facilities. Its use will be monitored by the IAEA.

Because of the multiplicity of installations and the diversity of operators and
regulators, activities such as irradiation, isotope manufacture and the transport and
use of radioactive sources are not covered, at the present time, in the scale and
manual. This may be readdressed at a later time.

Although the scale is designed for prompt use following an event, there will
be occasions when a longer time-scale is required to understand and rate the event.
In these circumstances, a provisional rating will be given with confirmation at a later
date. It is also possible that, as a result of further analysis or information, an event
will need to be reclassified. It is intended that provisional ratings and reclassification
will be kept to a minimum.

Although broadly comparable, nuclear and radiological safety criteria and the
terminology used to describe them vary from country to country. The international
scale has been designed to take account of this fact, but it is possible that user coun-
tries may wish to clarify the scale within their national context.

1-1.2. General description of the scale

Events are classified on the scale at seven levels. The lower levels (1-3) are
termed incidents, and the upper levels (4-7) accidents. Events which have no safety

1
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(Criteria given In matrix are broad indicators only)
Detailed définitions are provided in the manual

7
MAJOR
ACCIDENT

e
SERIOUS
ACCIDENT

5
ACCIDENT
WITH OFF-SITE RISK

4
ACCIDENT WITHOUT
SIGNIFICANT
OFF-SITE RISK

3
SERIOUS INCIDENT

2
INCIDENT

1
ANOMALY

0
BELOW SCALE EVENT
DEVIATION

OUT OF SCALE EVENT

C R I T E R I A O R S A F E T Y A T T R I B U T E S

OFF-SITE IMPACT

MAJOR RELEASE:
WIDESPREAD HEALTH AND
ENVIRONMENTAL EFFECTS

SIGNIFICANT RELEASE:
LIKELY TO REQUIRE FULL
IMPLEMENTATION OF
PLANNED
COUNTERMEASURES

LIMITED RELEASE:
LIKELY TO REQUIRE PARTIAL
IMPLEMENTATION OF
PUNNED
COUNTERMEASURES

MINOR RELEASE: PUBLIC
EXPOSURE OF THE ORDER
OF PRESCRIBED LIMITS

VERY SMALL RELEASE:
PUBLIC EXPOSURE AT A
FRACTION OF
PRESCRIBED LIMITS

NO

ON-SITE IMPACT

SEVERE DAMAGE TO
REACTOR CORE/
RADIOLOGICAL BARRIERS

SIGNIFICANT DAMAGE
TO REACTOR
CORE/RADIOLOGICAL
BARRIERS/FATAL EXPOSURE
OF A WORKER

SEVERE SPREAD OF
CONTAMINATION/ACUTE
HEALTH EFFECTS TO A
WORKER

SIGNIFICANT SPREAD OF
CONTAMINATION/
OVEREXPOSURE OF A
WORKER

S A F E T Y S I G N I F I C A M

DEFENCE IN DEPTH
DEGRADATION

NEAR ACCIDENT —
NO SAFETY LAYERS
REMAINING

INCIDENTS WITH
SIGNIFICANT FAILURES
IN SAFETY PROVISIONS

ANOMALY BEYOND THE
AUTHORIZED
OPERATING REGIME

CE

N O S A F E T Y R E L E V A N C E

FIG. I. Basic structure of the scale.
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significance are classified as below scale/level 0 and are termed deviations. Events
which have no safety relevance are termed 'out of scale'.

The structure of the scale is shown in Fig. 1 in the form of a simple matrix
with key words generally indicative of the significance of events. It shows the three
separate criteria that are used to classify events and the equivalence of levels accord-
ing to the different criteria. The wording in this matrix is chosen to give a general
indication of the safety significance and is not intended to be precise or definitive.
The detailed definitions of each level are provided in this manual. This detailed
guidance is required to enable those assessing incidents and accidents to allocate
them to a position on the scale in an internationally consistent manner. This manual
also contains examples of how the scale has been used to categorize a number of
actual events.

The second column in Fig. 1 relates to events resulting in off-site releases of
radioactivity. Since this is the only consequence having a direct effect on the public,
such releases are understandably of particular concern. Thus, the lowest point in this
column represents a release giving the most exposed person off the site an estimated
radiation dose numerically equivalent to about one tenth of the annual dose limit for
the public; this is classified as level 3. Such a dose is also typically about one tenth
of the average annual dose received from natural background radiation. The highest
level is a major nuclear accident with widespread health and environmental
consequences.

The third column considers the on-site impact of the event. This category
covers a range from level 2 (major contamination and/or overexposure of workers)
to level 5 (severe plant damage, e.g. core melt).

All nuclear facilities are designed such that a succession of safety layers act
to prevent major on-site or off-site impact and the extent c»f the safety layers provided
will generally be commensurate with the potential for on and off-site impact. These
safety layers must all fail before substantial off-site or on-site consequences occur.
The provision of these safety layers is termed 'defence in depth'. The fourth column
of the matrix relates to incidents at nuclear installations or during the transportation
of radioactive materials, in which these defence in depth provisions have been
degraded. This column spans the incident levels 1-3.

An event which possesses characteristics represented by more than one column
in the matrix is always classified at the highest level achieved in any column.

Even though detailed guidance has been formulated to assist in the classifica-
tion of events, it is accepted that professional judgment must play a role in fixing
the appropriate level.

The detailed definitions given in this manual are summarized on the back page
of the INES leaflet. Although this summary should not be used as the basis for rating
an event, it is included in this manual for completeness as Fig. 2. This figure also
provides some examples of significant events that have been rated on the scaie.
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LEVEL

ACCIDENTS
7

6

5

4

INCIDENTS
3

2

1

BELOW SCALE/
ZERO

DESCRIPTOR

MAJOR ACCIDENT

SERIOUS ACCIDENT

ACCIDENT WITH
OFF-SITE RISK

ACCIDENT
WITHOUT
SIGNIFICANT
OFF.SITE RISK

SERIOUS INCIDENT

INCIDENT

ANOMALY

DEVIATION

CRITERIA

* External release of a large fraction ol the radioactive material in a large
acuity (e.g. the core ol a power reactor). This would typically involve a .
mixture ol short and long lived radioactive fission products (in quantities radio-
ogically equivalent to more than lens ot thousands ol terabecquerels of
odine-131). Such a release would result ir the possibility ot acute health
effects; delayed health effects ovar a wide area, possibly Involving more than
one country; long tqrm environmental consequences.

• External release of radioactive material (in quanlities radloloQlcally equiva-
enf fa the order of thousands lo tens of thousands of lerabecquerels ol
odlne-131). Such a release would be likely lo result Sr, tó! Implementation of
countermeasures covered by local emergency plans lo limit serious health
effects.

• External release of radioactive material (in quantities radiologically equiva-
lent lo the order ot hundreds to thousands of terabecquerels ol lodine-131).
Such a release would be likely lo result in partiel implementation of counter-
measures covered by emergency plans to lessen the likelihood of health
eflecis, ..
• Severe damage to the nuc(ftar facility. This may Involve severe damage to
a large fraction ol the core ol a power reactor, a maior crilicality accident or a
ma|or tire or explosion releasing large quantities ol radioactivity within the
Installation.

• External release of radioactivity resulting in a dose to the most exposed
individual oft-site ol the order ol a few mlllisleverts.' With such a release the
need for off-site protective actions would be generally unlikely excapt possibly
for local food control.
• Significant damage to the nuclear facility. Such an accident might Include
damage to nuclear plant leading to major on-site recovery problems such as
partial core melt In a power reactor ano comparable events at non-reactor
installations.
• Irradiation of one or more workers which result in an overexposurq where
a high probability of early death occurs.

• E«eternal release of radioactivity above authorized limits, resulting in a dose
to the most exposed individual oil the site ol the order of tenths ol mllll.ilevert.
With such a release, off-site protective measures may not be needed.
• On-slle events resulting in doses to workers sufficient lo cause acute
health effects andfor an event resulting in a severe spread of contamination,
for example a few thousand terabecquerefs of activity released in a secondary
containment where the material can be returned lo a satisfactory storage
area.

• Incidents In which a further failure of safely systems could lead to acciden
conditions, or a situation In which safety systems would be unable to prevent
an accident il certain initiators were to occur.

• Incidents with significant failure in safety provisions but with sufficient
defence in depth remaining to cope with additional failures.

• An event resulting In a dose lo a worker exceeding a statutory annual
dose limit andfor an event which leads to the presence of significant quanti-
ties of radioactivity In the Installation In areas not expected by design and
which require corrective action.

• Anomaly beyond the authorized operating regime. This may be due to
equipment lailure, human error or procedural Inadequacies. (Such anomalies
should be distinguished from situations where operational limits and condi-
tions are not exceeded and which are properly managed in accordance with
adequate procedures, These are typically "below scale".)

NO SAFETY SIGNIFICANCE

EXAMPLES

Chernobyl NPP,
USSn (now in
Ukraine). 1986

Kyshtym
Reprocessing
Plant,
USSR (now in
Russia), 1957

Windscale File,
UK.1957

Three Mile Island,
USA, 1879

Windscale
Reprocessing
Plant, UK, 1973
Saint-Laurent NPP,
France, 1980

Buenos Aires
Critical Assembly,
Argentina. 1983

Vandelfos NPP.
Spain, 1989

• 7n« dom are •iprtsm' /л larmj of elfecffni dam apufValenf (Wnola batty dou). Tlwie criteria where appropriais can alio be expresaed In ferma ol comupomttig
annual affluent dlidiarga «mill tulhotlted by national ««donnes

FIG. 2. The international nuclear event scale for prompt communication of safety significance.
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It is obviously intended that the detailed guidance given in the manual should
be consistent with the presentations of the scale given in Figs 1 and 2. However, it
is important to use the detailed guidance when classifying events to avoid a
misinterpretation of the simplified descriptions used in these figures.

1-1.3. Scope of the scale

The scale has been designed fcr use where required in all facilities associated
with the civil nucieãí industry (from mining and milling of uranium to waste storage
and disposal) and for use with events associated with the transport of radioactive
materials to and from those facilities. However, it only classifies the nuclear or radi-
ological safety significance of the event. Industrial accidents or other events which
are not related tc nuclear or radiological operations are not classified. They are
termed out of scale and can be defined as those events which in no circumstances
can lead to radiological consequences since they affect only non-safety-related equip-
ment. For example, although events associated with a turbine or generator can affect
safety related equipment (e.g. by causing a reactor trip) faults affecting only the
availability of a turbine or generator would be classified as out of scale. Similarly,
major events such as fires (which may be very important events in their own right)
are to be considered out of scale when they do not involve any possible radiological
hazard and do not affect the safety layers.

The nuclear installations for which detailed guidance is provided are:

power reactors
research reactors
mining and milling facilities
uranium enrichment facilities
fuel fabrication facilities
irradiated fuel storage and reprocessing facilities
waste conditioning, storage and disposal facilities.

The guidance can also be used to rate events at research or prototype facilities
covering similar activities.

As stated earlier, guidance is not provided for radiological facilities not
associated with the civil nuclear industry (such as some small irradiation or isotope
manufacturing facilities) or for the general transport of radioactive materials as the
scale has not been specifically designed for such use.

However, in order to allow, where desired, countries to rate any event occur-
ring at a nuclear installation covered by the scale, guidance is provided on events
associated with the control of sealed sources and the transport of fuel and waste
materials to and from these facilities.

It should be recognized that although the same scale is used for all nuclear
installations, it is physically impossible for events which involve the release to the
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environment of considerable quantities of radioactive material to occur at some types
of installation. This is due to the low radioactive inventory or the limited amount of
energy available to produce a large release of radioactive materials. For these instal-
lations, the upper levels of the scale would not be applicable to any event occurring
at them. Examples of such installations are research reactors, unirradiated nuclear
fuel treatment facilities and most types of waste storage sites.

Research reactors obviously have a small hazard potential to the public com-
pared to power reactors. Because of the large variety of designs, the wide range of
power, different modes of operation and purposes of utilization, and differences in
siting, a general statement concerning hazard potential is not possible. The interna-
tional scale rating procedures presented for power reactors may be used for research
reactor incidents or accidents. For most research reactors, this will result in low
scale ratings.

The international scale does not replace the criteria already adopted nationally
and internationally for the reporting, description, definition and technical analysis of
nuclear events.

The scale is not appropriate as the basis for selecting events for feedback of
operational experience, as important lessons can often be learnt from events of rela-
tively minor significance.

It is not appropriate to use the scale to compare safety performance between
countries. Each country has different arrangements for reporting minor events to the
public, and furthermore it is difficult to ensure precise international consistency in
rating events at the boundary between level 0 and level 1. Although information will
be available generally on events at level 2 and above on the scale, the statistically
small number of such events, with variability from year to year, makes it difficult
to provide meaningful international comparisons.

If a radiological emergency were to occur in the vicinity of a nuclear installa-
tion or during the transport of radioactive materials, existing national emergency
planning arrangements would be implemented. The scale should not be used as part
of the formal emergency arrangements.

1-1.4. Structure of the manual

The manual is comprised of four parts. Part I contains a summary of the basis
of the scale and of the procedure to be used for rating events. Part II contains the
detailed guidance required to rate events in terms of off-site and on-site impact.
These two parts are applicable to all nuclear facilities.

Parts III and IV contain the detailed guidance required to rate events in terms
of defence in depth for reactors and other facilities, respectively.

Although the underlying basis is the same for Parts III and IV, it is necessary
to provide plant specific detailed guidance in order to ensure international
consistency.
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1-2. RATING PROCEDURE

This section describes the procedure that should be followed to rate events and
provides reference to the detailed sections in Parts П-IV.

The general procedure for rating is summarized in the flow chart (Fig. 3) and
its use is illustrated at the end of this chapter.

The first step is to check whether the event relates to either nuclear or radiolog-
ical safety. If not, the event is out of scale. Examples of out of scale events are given
in Section I-1.1.

For events related to nuclear or radiological safety each of the three criteria,
off-site impact, on-site impact and defence in depth, needs to be considered
separately and the highest rated of the three selected.

1-2.1. Off-site impact criteria

The rating of events in terms of the off-site impact criterion takes account of
the actual radiological impact outside the plant. This can be expressed in terms of
die amount of activity released or the exposure of members of the public. The release
range for each level is defined in Part II, Section П-1.2.

Off-site impact covers levels 3 to 7. The threshold for off-site impact is defined
as an unauthorized external release resulting in a dose to the most exposed individual
of die order of tenths of a millisievert. If the dose is less man mis, off-site impact
is not relevant for rating the event.

However, events resulting in off-site dose below the threshold of level 3 may
represent an infringement of operating limits or rules or may be symptomatic of an
impaired Safety Culture. Such events are considered under defence in 'kpth and may
be classified at level 1, using the guidance in Section III.5 and Section ÏV.3. It
would, of course, also be necessary to consider whether a higher rating would be
appropriate based on the on-site criteria or other aspects of the defence in depth
criteria.

1-2.2. On-site impact criteria

This criterion covers three aspects, radiological damage, radioactive material
release or transfer to poorly shielded locations on the site, and worker dose. The
detailed definitions are given in Section II-2.2.

Radiological damage is defined at levels 4 or 5. For power reactors the
threshold for level 4 is defined as: more than about 10% of fuel cladding failed, or
any fuel melting, or more than about 0.1% of the core inventory released from the
fuel assemblies. For other installations the threshold for level 4 is defined as the
release of a few thousand terabecquerels of activity from their primary containment
which cannot be returned to a satisfactory storage area.

L



Criterion 1

Off-site dose
exceeding a

few tenths of mSv?

No Yes

Criterion 1
not relevant
for rating

Levels
3,4,5,6,7

(see
Section 11-1.2)

Scale applicable to event?

Yes

Check rating with respect to
all of the three criteria

Criterion 2
— core damage or
— exposure of personnel

> 50 mSv or
— significant contamination

on-site?

No

No

Criterion 2
not relevant
for rating

Yes

Levels
2, 3, 4, 5

(see
Section II-2.2)

Rating:
Max. level of the three criteria

FIG. 3. General rating procedure.

Event 'Out of Scale'

Criterion 3

Is the event
clearly below scale?

Yes

Below
scale/level 0

(see
Section III—4

or IV-4)

No

Levels
1,2,3

(see Part III
or Part IV)

1
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Contamination spread is defined at levels 2 and 3. The threshold for contami-
nation spread is: the presence of significant quantities of radioactivity in the installa-
tion, in areas not expected by design, and which require corrective action. In this
context,'significant quantity'should be interpreted as:

(a) Contamination by liquids involving a total activity radiologically equivalent to
a few hundred gigabecquerels of ruthenium-106.

(b) A spillage of solid radioactive material of radiological significance equivalent
to the order of a few hundred gigabecquerels of ruthenium-106, providing the
surface and airborne contamination levels exceed ten times those permitted for
controlled areas.

(c) A release of airborne radioactive material, contained within a building and
involving quantities of radiological significance equivalent to the order of a few
tens of gigabecquerels of iodine-131.

Worker dose is defined at levels 2 to 4. The threshold for worker dose is a dose
exceeding an annual statutory limit.

If none of these thresholds are exceeded, on-site impact is not relevant for rat-
ing the event. However, events resulting in lower levels of dose or contamination
spread may represent an infringement of operating limits or rules or may be sympto-
matic of an impaired Safety Culture. Such events are considered under defence in
depth and may be classified at level 1, using the guidance in Section UI-S and Sec-
tion IV-3. It would, of course, also be necessary to consider whether a higher rating
would be appropriate, based on the off-site criteria or other aspects of the defence
in depth criteria.

1-2.3. Defence in depth criteria

In order to rate events under defence in depth, where an accident has been
prevented by the safety provisions, it is necessary to consider two important factors.
The first is the maximum consequences that could have occurred if the safety provi-
sions had failed and the second is the number and reliability of the safety provisions
that remained available.

For events with the potential for significant on-site or off-site consequences,
the rating under defence in depth can be from levels 0 to 3, as shown in Fig. 1.
Detailed guidance on the rating of such events, based on the above principles, is
provided in Parts III and IV and it is not practicable to summarize all that guidance
here. However, for events associated with reactors at power, a flow chart is
provided, Fig. 4, to give an indication of the general approach that is used.
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Is there a real initiator?
i.e. a real challenge to safety systems

Determine its assumed frequency as
Expected, Possible, Unlikely, Beyond Design

Determine the operabllity of the safety functions challenged by
the initiator as* Pull, Minimum allowed, Adequate, Inadequate ,,„,„,,, „,„,

Use Table II to determine the base ratings

Ü Determine the operabllity of the degraded safety function as*
Full, Minimum allowed, Adequate, Inadequate

•» >!, '"Hi i ••• п ж Л Determine the Initiators which challenge the degraded safety
function and their assumed frequency as
Expected, Possible, Unlikely, Beyond Design

Use Table I to determine base ratings

Consider whether any of the base ratings should be increased or
decreased by 1 due to the additional factors listed in
Section III—2.7 and Section III—5 and determine the highest rating

Review the assessed rating against the description for each
level given in Section III—1.3

' If not fully defined by any one oategory, use bounding values to define the possible
range and apply judgement to determine the appropriate rating

FIG. 4. Rating procedure for defence in depth
(applicable to reactors at power).
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1-2.4. Illustrative use of rating procedure

The overall procedure, as summarized in Fig. 3, can be illustrated by the fol-

lowing example:

Due to a violation of a procedure there is an accidental dose to a worker

exceeding a statutory annual dose limit but no release of radioactivity to the

environment.

Applying the procedure, the following rating is obtained:

— Criterion 1 : Not relevant (no release of radioactivity to the environment)

— Criterion 2: Level 2 (accidental dose from the event to a worker exceeding a

statutory annual dose limit)'"

— Criterion 3: Level 1 (violation of procedures). . '.т.'.

By taking the maximum of the levels for the three criteria the rating of the

event will be level 2.

>M
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OFF-SITE AND ON-SITE IMPACT CRITERIA

П-1. OFF-SITE IMPACT

II-l. l . General description

The classification of events in terms of the off-site impact criterion takes
account of the actual radiological impact outside the plant. This can be expressed in
terms of the amount of activity released or the exposure of members of the public.

It is accepted that for many accidents it will not be possible to determine with
accuracy at an early stage the size of the off-site release. However, it should be
possible to indicate the release in broad terms and thus to assign the accident to a
tentative level on the scale. It is possible that subsequent re-evaluation of the extent
of the release would necessitate revision of the initial estimate of the level of the
event on the scale.

It should also be noted that the extent of emergency responses to accidents is
not used as a basis for categorization. Details of the planning against accidents at
nuclear plants vary from one country to another and it is also possible that pre-
cautionary measures may be taken in some cases even where they are not fully justi-
fied by the actual size of the release. For these reasons, it is the size of release and
the assessed dose which should be used to classify the level on the scale and not the
provisions of emergency plans or protective action.

Five levels have been selected, starting from level 7, where a large fraction
of the core inventory of a large facility is released, down to level 3, where the off-site
dose is numerically equivalent to about one tenth of the annual dose limit for the
public.

For levels 3 and 4, the committed dose to the most exposed member of the
public is used to assess the appropriate level.

For levels 5 to 7, the definitions are in terms of a quantity of activity radiologi-
cally equivalent to a given number of terabecquerels of iodine-131.

The reason for the change is that for these larger releases the actual dose
received will very much depend on the countermeasures implemented.

The release levels were set on the basis that, taking account of the likely
countermeasures, it was estimated that a level S release could give doses of the order
of ten times the doses defined for level 4. Of course, the actual quantity of radio-
activity release corresponding to the threshold for level 5 if. significantly more than
an order of magnitude greater than the minimum release size that would correspond
to a level 4 accident.

13
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Releases of radioactivity to the environment below those categorized in level 3

are considered insignificant for the purpose of classifying an event on the severity

scale according to off-site criteria.

II-1.2. Definition of levels

Level 7. Major Release

Definition: An external release corresponding to a quantity of radioactivity radio-
logically equivalent to several tens of thousands of terabecquerels of \

iodine-131 or more. Radiological equivalence is defined below.

This corresponds to a large fraction of the core inventory of a power reactor,
typically involving a mixture of short and long lived radioactive fission products.

With such a release, there is a possibility of acute health effects. Delayed
health effects over a wide area, perhaps involving more than one country, are
expected. Long term environmental consequences are also likely.

Level 6. Significant Release

Definition: An external release corresponding to a quantity of radioactivity radio-
logically equivalent to the order of thousands to tens of thousands of
terabecquerels of iodine-131.

With such a release, it is very likely that protective measures such as sheltering
and evacuation will be judged necessary to limit health effects on members of the
public over the emergency planning zone.

Level 5. Limited Release

Definition: An external release corresponding to a quantity of radioactivity radio-
logically equivalent to the order of hundreds to thousands of terabec-
querels of iodine-131.

As a result of the actual release, son.e protective measures will probably be
required, for example, localized sheltering and/or evacuation to minimize the likeli-
hood of health effects.

Level 4. Minor Release

Definition: An external release of radioactivity resulting in a dose (as defined in
Section II-1.3) to the most exposed individual off-site of the order of
a few millisieverts.
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Within a particular country, this criterion can also, where appropriate, be
expressed in terms of corresponding annual effluen* discharge limits as authorized
by the national authority.

As a result of the actual release, off-site protective actions are generally
unlikely, except for possible local food controls. Other actions can nevertheless be
taken as a precautionary measure against further degradation of the plant status. Plant
status is taken into account in the other classification criteria (degradation of defence
in depth and on-siie impact).

Level 3. Very Small Release

Definition: The unauthorized external release of radioactivity resulting in a dose (as
defined in Section II-1.3) to the most exposed individual of the order
of tenths of a millisievert.

Within a particular country, this criterion can also, where appropriate, be
expressed in terms of corresponding annual effluent discharge limits as authorized
by the national authority.

Following such an actual release, off-site protection measures are not needed.
Such measures can nevertheless be taken as a precaution against further degradation
of the plant status. Plant status is taken into account in the other classification criteria
(degradation of defence in depth and on-site impact).

II-1.3. Definition of radiological equivalence and dose

For levels S to 7, food banning is likely to be implemented and therefore the
relative radiological significance of a release to atmosphere should be assessed by
comparing the total committed effective dose from all nuclides resulting from inhala-
tion, from the external dose from the passage of the cloud of active material and from
the long term external irradiation of deposited activity, i.e. from all pathways except
ingestion.

For levels 3 and 4, as there is likely to be little or no food banning, the relative
radiological significance is assessed by comparing the committed effective dose for
intakes by all routes to the critical group without taking account of the wind direction
at the time of the release.

Liquid discharges resulting in critical group doses significantly higher than that
appropriate for level 4 would need to be rated at level 5 or above but the rating would
be site specific and therefore detailed guidance cannot be provided here.
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П-2. ON-SITE IMPACT

II-2.1. General description

The classification of events by the on-site impact criterion takes account of the

actual impact within the nuclear installation, regardless of the possible off-site

releases and defence in depth implications. It considers the extent of major radio-

logical damage, for example core damage, the spread of radioactive products within

the site but outside their as-designed containments and the levels of worker dose.

Events resulting in radiological damage are rated at levels 4 and 5, events

resulting in contamination are rated at levels 2 and 3 and events resulting in high

worker doses are rated at levels 2 to 4.

It is accepted that the exact nature of damage to plant may not be known for

some time following an accident with on-site consequences of this nature. However,

it should be possible to estimate in broad terms the likelihood of major or minor

damage and to decide whether to assign an event provisionally to level 4 or 5 on the

scale. It is possible that subsequent re-evaluation of the state of the plant would

necessitate revision of the initial assessment of the level.

Below level 2, the on-site impact is considered as insignificant for the purpose

of classifying an event on the severity scale; it is only the concept of defence in depth

which has to be considered at these lower levels.

II-2.2. Definition of levels

Level 5. Severe damage to the reactor core or radiological barriers

Severe core damage to a power reactor is considered to have occurred when

more than a few per cent of the fuel is molten or more than a few per cent of the

core inventory has been released from the fuel assemblies. Incidents at other installa-

tions involving a major release of radioactivity on the site (comparable with the

release from core melt) with a serious off-site radiological safety threat would also

be rated at level S. Examples would be a major criticality accident, or a major fire

or explosion releasing large quantities of activity within the installations.

Level 4. Significant damage to the reactor core or radiological barriers or fatal
exposure of a worker

An accident causing partial damage to nuclear plant which, although not suffi-

ciently severe to represent a serious off-site radiological safety threat, nevertheless

presents major recovery problems. These accidents include partial core damage and
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equivalent events on non-reactor installations. Although some guidance is given
here, the levels are to be considered as orders of magnitude.

— Partial core damage for a power reactor is considered to have occurred when
any fuel melting has occurred or more than about 0.1 % of the core inventory
has been released from the fuel assemblies.

— In other installations equivalent events would arise if a few thousand terabec-
querels of activity are released from their primary containment1 and cannot be
returned to a satisfactory storage area.

— External irradiation of one or more workers, which results in an overexposure
where a high probability of early death occurs (about 5 Gy).

Level 3. Severe spread of contamination and/or overexposure of a worker
resulting in acute health effects

— Events resulting in external doses to one or more workers leading to acute
health effects (such as whole body exposures of the order of 1 Gy and body
surface exposures of the order of 10 Gy).

— Events giving a dose rate or a contamination level which could result in a
worker receiving a dose greater than a statutory dose limit in a period of about
1 hour, events resulting in widespread airborne contamination in plant operat-
ing areas at a concentration greater than 2000 times the derived air concentra-
tion (assuming a working year of 2000 hours).

— Events resulting in a gamma plus neutron dose rate of greater than 50 mSv per
hour in a plant operating area (dose rate measured 1 metre from source).

— Events resulting in a release of a few thousand terabecquerels of activity into
a secondary containment1 where the material can be returned to a satisfactory
storage area.

Level 2. Major spread of contamination and/or overexposure of workers

— An event resulting in a dose to a worker exceeding a statutory annual dose
limit.

— Events leading to the presence of significant quantities of radioactivity in the
installation, in areas not expected by design (see below) and which require cor-
rective action. In this context 'significant quantity' should be interpreted as:

(a) Contamination by liquids involving a total activity radiologically equiva-
lent to a few hundred gigabecquerels of ruthenium-106.

1 In this context, the terms primary and secondary containment refer to containment
of radioactive materials at non-reactor installations and should not be confused with the similar
terms used for reactor containments.
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(b) A spillage of solid radioactive material of radiological significance equiva- " : |
lent to the order of a few hundred gigabecquerels of ruthenium-106, .:;
providing the surface and airborne contamination levels exceed ten times -"?
those permitted for controlledareas, и

(c) A release of airborne radioactive material, contained within a building and \i
involving quantities of radiological significance equivalent to the order of Í
a few tens of gigabecquerels of iodine-131. ?;

I I - 2 . 3 . Definition of 'areas not expected by design' !i

Areas not expected by design are those whose design basis does not assume ~ ';
that following an accident the area could receive and retain me level of contamination J
that has occurred. • "'v!&\ \f--U
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DEFENCE IN DEPTH CRITERIA FOR REACTORS

III-l. GENERAL DESCRIPTION

Ш-1.1. Overall approach

The avoidance of radiological accidents and incidents and hence the safety of

a nuclear installation is based on good design and operation. A defence in depth

approach is generally applied to both of these aspects and allowance is made for the

possibility of equipment failure, human error and the occurrence of unplanned

developments.

The definition of defence in depth from IAEA Safety Series No. 75-INSAG-3

entitled Basic Safety Principles for Nuclear Power Plants can be applied to all

nuclear installations and the transport of radioactive material. It states:

"To compensate for potential human and mechanical failures, a defence in

depth concept is implemented, centred on several levels of protection, including

successive barriers preventing the release of radioactive material to the environment.

The concept includes protection of the barriers by averting damage to the plant and

to the barriers themselves. It includes further measures to protect the public and the

environment from harm in case these barriers are not fully effective".

Defence in depth is, therefore, a combination of conservative design, quality

assurance, surveillance activities, mitigative measures and a general Safety Culture

that strengthens each of the successive layers. Hence, the prevention of accidents and

incidents derives from good operational practices to prevent failures, quality assur-

ance to verify the achievement of the design and operational intent, surveillance to

detect degradation or failure during operation, and steps to ensure that a small pertur-

bation or incipient fault does not develop into a more serious situation.

Each failure in the defence in depth provisions must be checked carefully and

its implications assessed. The existence of several remaining components of defence

in depth is never justification for unquestioned continued operation in the absence

of one component.

Safe operation is maintained by the following safety functions:

— control of the reactivity

— adequate cooling of the radioactive material

— confinement of the radioactive material.

Each of these safety functions are then assured by safety systems, either passive

or active systems, or administrative controls, which are usually provided with redun-

19
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dancy, and the availability of which is controlled by the operational limits and

conditions.

Classification under defence in depth depends on whether the safety functions

have been challenged and the availability of these safety systems and two basic

methods of classification under defence in depth are provided.

The first is appropriate where a schedule of initiators is provided as part of the

safety analysis to assess the adequacy of the safety systems provided to cope with

the initiators. The rating is based on the availability of safety systems, whether or

not an initiator occurred and the assumed likelihood of that initiator. Such a method

is particularly applicable for faults at power where the operational limits and condi-

tions specify the minimum safety system requirements for continued operation at

power. The procedure is summarized in Fig. 4.

The second is appropriate for those parts of the safety case where assessment

is based on consideration of the systems and controls that are provided to prevent

incidents. This is generally the case where long time-scales are available for correc-

tive action, e.g. loss of shutdown cooling faults, and it is often difficult to separate

the initiator from the availability rating of safety systems. The safety systems for

such faults will often be based on administrative controls rather than on an automatic

fast acting safety system as is the case for faults at power. For such events the INES

rating is based on the consideration of the number of safety layers that have been

lost, the number that remain and the potential severity of the event.

The two approaches are described in more detail in the following sections.

Three levels on the INES scale are provided for the degradation of defence in

depth criterion, the rating reflecting the extent of impairment of the safety

provisions.

Ш-1.2. Additional factors

The safety systems, which assure the safety functions, have to have a high

reliability; they will be provided in a redundant and sometimes in a diverse way.

Nevertheless, particular aspects may challenge simultaneously different layers of the

defence in depth.

The main additional factors that could jeopardize the whole defence in depth,

or at least a large part of it, are:

— common cause failures

— procedural inadequacies

•— safety culture deficiencies.

Such factors are therefore given special consideration, as explained in
Section Ш-5.
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Ш-1.3. Verification of rating

Once a level has been selected, it is important to compare it with the overall

definition of the three levels to confirm that it is appropriate:

level 0: No safety significance
level 1: Anomaly beyond the authorized operating regime
level 2: Incidents with significant failures in safety provisions
level 3: Near Accident — no defence in depth remaining.

III-2. PROCEDURE BASED ON INITIATORS AND SAFETY SYSTEMS
(Particularly applicable for events associated with the reactor at power)

III-2.1. Types of events

Events involving a degradation of the plant defence in depth will generally be

of two possible forms:

— either an initiator (initiating event) which leads to an anticipated operational
occurrence or to an accident condition, and which requires the operation of
some particular safety systems designed to cope with the consequences of this
initiator;

— or the degradation of a safety function due to degradation of one or more safety
systems without the occurrence of the initiator for which the safety systems had
been provided.

In the first case, the initiator is an operational process deviating from normal
operation which challenges any of the safety functions. The classification of the event
will then depend mainly on the extent to which the safety function is degraded.
However, the severity will also depend on the anticipated frequency of the particular
initiator and on its possible consequences should the operation of safety systems fail.

In the second case, no deviation from normal operation of the plant actually
occurs, but the observed degradation of the safety function could lead to significant
consequences if one of the initiators for which the degraded safety systems were
provided actually occurred. In such a case, the severity would of course depend on:

— the anticipated frequency of the potential initiator;
— the possible consequences of the potential initiator if safety function perfor-

mance is inadequate;
— the availability of the associated safety function assured by the operability of

particular safety systems.

It has to be pointed out that one particular event could be categorized under
both cases.
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IH-2.2. Definition of initiator category

Ш-2.2.1. Initiators in safety analysis

Initiators are used in safety analysis to evaluate the adequacy of installed safety
systems: the initiator is an occurrence that challenges the safety systems and requires
them to function. In practice, the initiator may be different from the occurrence
which starts the event; on the other hand a number of different event sequences can
often be grouped under a single initiator.

Initiators are grouped event sequences which can affect the safety of the plant,
and which are used in the safety analysis to design the safety systems.

Safety analysis lists the safety systems that protect against each initiator and
tests their adequacy by means of reliability and transient analysis.

For each reactor design, a list of initiators is developed for safety analysis, and
each of them is allocated to an appropriate frequency category. For the present appli-
cation, four different frequency categories have been selected:

— Expected
— Possible
— Unlikely

— Beyond Design.

The categorization within the INES defence in depth criterion is generally
based on the occurrence, or possible occurrence, of an initiator (initiating event) and
the status of the safety systems required to maintain the integrity of the barriers. The
status of safety systems includes not only the availability of plant systems but also
compliance with the operating procedures.

III-2.2.2. Initiator frequency

The plant safety analysis identifies the initiators and allocates them to different
frequency categories.

Each plant has its own list and classification of initiators. However, the spec-
trum of normal operation, anticipated operational occurrences and accident condi-
tions is divided in the following frequency categories for rating by the scale:

(1) Expected

This covers anticipated operational occurrences, i.e. events expected to occur
once or several times during the operating life of the plant.

(2) Possible

Initiators which are not expected, but have an anticipated frequency during the
plant lifetime of greater than about 1% (i.e. about 3 X
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(3) Unlikely

Initiators considered in the design of the plant which are less likely than the

above.

(4) Beyond Design

Initiators of very low frequency, not normally included in the conventional

safety analysis of the plant.

When protection systems are introduced against these initiators, they do not

necessarily include the same level of redundancy or diversity as measures against

design basis accidents.

Typical examples of design basis initiators categorized into the previous classes

are given in the Appendix.

Ш-2.2.3. Identification of initiators

In order to rate an event, it is necessary to identify the initiators, if any,

associated with that event.

The effects of those events which are corrected by control systems are not

included in the initiators.

For many events, it will be necessary to consider more than one initiator, each

of which wil! lead to a rating. The event level will be the highest of the levels

associated with each initiator.

For example, a power excursion in a reactor could be an initiator challenging

the protection function. Successful operation of the protection system would then

lead to a shutdown. It would be then necessary to consider the reactor trip as an

initiator challenging the fuel cooling function. For example, in Example S (Sec-

tion III-6), the first occurrence in the event was a fault in the instrument supplies.

This caused feed to be lost to one boiler but did not directly challenge any safety

systems. It is not therefore to be considered as an initiator. The transient that

followed challenged the protection system and is therefore an initiator. However,

such transients are expected to occur and the safety function availability, i.e. the

reliability of the protection system was complete, so this would give level 0 or 1.

However, the later reactor trip required all the post-trip cooling functions to work

and is therefore also an initiator. As explained in the example, it is this one that led

to categorization at level 2.

III-2.3. Safety function availability

The three basic safety functions are:

(a) controlling the reactivity or the process conditions

(b) cooling the radioactive material

(c) confining the radioactive material.
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These functions are provided by passive systems (such as physical barriers)
and by active systems (such as the reactor protection system).

Several safety systems may contribute to a particular safety function, and the
function may still be achieved even with one system unavailable. Equally, support
systems such as electrical supplies, cooling and instrument supplies will be required
to ensure that a safety function is achieved.

It is important that it is the operability of the safety function that is considered
when rating events, not the operability of an individual system. The operational
limits and conditions (OL&C) govern the availability of each safety system.

The availability of a safety function for a particular initiator can range from
a state where all the components of the safety systems provided to fulfil that function
are fully available to a state where the availability is insufficient for the safety func-
tion to be achieved. To provide a framework for rating events, four levels of opera-
bility are considered.

A. Full

All safety systems and components which are provided by the design to cope
with the particular initiator in order to limit its consequences are fully operable (i.e.
redundancy/diversity is available).

B. . Minimum required by OL&C

The minimum operability of safety systems providing the required safety func-
tion specified in the operational limits and conditions for which continued operation
at power is permitted, even for a limited time.

This level of operability will generally correspond to the minimum operability
of the different safety systems for which the safety function can be achieved for all
the initiators considered in the design of the plant. However, for certain particular
initiators redundancy and diversity may still exist.

С Adequate

A level of operability of safety systems providing the required safety function
sufficient to achieve the particular safety function for the initiator being considered.

For some safety systems, this will correspond to a level of operability lower than
that required by the operational limits and conditions. An example would be where
diverse safety systems are provided to assure a safety function for a particular initia-
tor or where all safety systems which are designed to assure safety function are
inoperable for such a short time that the safety function is still assured by other
means. (The safety function 'cooling of the fuel' may be assured if a total station
blackout occurs for only a short time).

In other cases, levels В and С may be the same.
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D. Inadequate

The degraded operability of the safety systems is such that the safety function

cannot be fulfilled for the initiator being considered

It should be noted that although С and D represent a range of plant states,

A and В represent specific operabilities. Thus, the actual availability may be

between that defined by A and B, i.e the operability may be less than full but more

than the minimum allowed for continued operation at power. This is considered in

Sections III 2.4 and Ш-2.5.

III-2.4. Rating of events (Derivation of Tables I and II)

A good measure of defence in depth degradation would be provided by the con-

ditional probability of an accident, given that the event had occurred. However, this

approach would require a detailed PSA study for each plant and this is not available

at every plant nor would it be practicable to use the technique on the short time-scale

required. In addition, there are other factors, such as safety culture deficiencies,

which are not necessarily represented in a probabilistic safety assessment (PSA). The

approach used is intended to reflect the PSA method without the need for detailed

analysis.

The discussion below is adapted to nuclear facilities which could be subjected

to potential events with high radiological consequences. For facilities with lower

maximum off-site consequences the associated rating against defence in depth would

be adapted according to Section III—3.

Ш-2.4.1. Incidents involving a degradation of safety systems without an initiator

(Derivation of Table I)

The categorization of an incident will depend primarily on the extent to which

- the safety functions are degraded and on the likelihood of the initiator for which they

are provided. Strictly speaking, the latter is the likelihood of the initiator occurring

during the period of safety function degradation since the period of inoperability will

vary from one incident to another. Accordingly, if the period of inoperability is very

short, a level lower than that provided in Table I may be appropriate.

If the operability of a required safety ^inction is inadequate (no matter if just

inadequate or very inadequate), then an accident was only prevented because the

initiator did not occur. For such an incident, if the safety function is required for

expected initiators (i.e. those expected to occur once or more during the life of the

plant), level 3 is appropriate. If the inadequate safety function is only required for

possible or unlikely initiators, a lower level is clearly appropriate because the likeli-

hood of an accident is much lower. For this reason, Table I shows level 2 for possible

initiators and level 1 for unlikely initiators.



High
Expected

0

0

1/2

3

Medium

Possible

0

0

1

2

Low

Unlikely

0

0

1
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TABLE I. SEVERITY CLASSIFICATION CRITERIA FOR DEGRADATION

OF DEFENCE IN DEPTH WITHOUT AN INITIATOR

Initiator frequency/Initiator probability

1 2 3

Safety function availability

A Full

В Within operational

limits and conditions

С Adequate

D Inadequate

TABLE II. SEVERITY CLASSIFICATION CRITERIA FOR DEGRADATION

OF DEFENCE IN DEPTH WITH AN INITIATOR

Initiator frequency/Initiator probability
1 2 3

Safety function availability

A Full

В Within operational

limits and conditions

С Adequate

D Inadequate

The level chosen should clearly be less when the safety function is adequate
than when it is inadequate. Thus, if the function is required for expected initiators,
and the operability is just adequate, level 2 is appropriate. However, in a number
of cases, the safety function operability may be considerably greater than just ade-
quate, but not within the operational limits and conditions. This is because the mini-
mum operability required by operational limits and conditions will often still
incorporate redundancy and/or diversity against some expected initiators. In such
situations level 1 would be more appropriate. Thus Table I shows a choice of level 1
or 2. The appropriate value should be chosen depending on the remaining redun-
dancy and/or diversity.

High

Expected

0

1/2

2/3

3+

Medium

Possible

1

2/3

2/3

3 +

Low
Unlikely

2

2/3

2/3

3+
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If the safety function is required for possible or unlikely initiators, then reduc-
tion by one degree óf the level derived above for an inadequate system gives level
1 for possible initiators and level 0 for less likely initiators. However, it is not con-
sidered appropriate to categorize at level 0 a reduction in safety system operability
below that required by the operational limits and conditions. One important part of
defence in depth, a redundant safety system, has been defeated. Thus, level 1 is
shown in Table I for both possible and unlikely initiators.

If the safety function operability is within the operational limits and conditions,
the plant has remained within its safe operating envelope and level 0 is appropriate
for all frequencies of initiators. This is also shown in Table I.

Ш-2.4.2. Incidents involving a real initiator (Derivation of Table П)

Here the categorization will depend primarily on the operability of the safety
functions but for consistency the same table structure as for events without real initia-
tors is used.

Clearly, if the safety function is inadequate, an accident will have occurred and
it may be categorized under criterion 1 or 2 (off-site and on-site impact). However,
in terms of defence in depth, level 3 represents the highest category. A very reduced
margin to accidental conditions is expressed by 3 + in Table II.

If the safety function is just adequate, then again level 3 is appropriate, as a
further failure would lead to an accident. However, as noted in the previous section,
when inoperability is just less than that required by the operational limits and condi-
tions, it may be considerably greater than just adequate, particularly for expected
initiators. Therefore, in Table П level 2/3 is shown for expected initiators and ade-
quate safety function, the choice depending on the extent to which the operability is
greater than just adequate. For unlikely initiators the operability required by the
operational limits and conditions is likely to be just adequate and, therefore, in
general level 3 would be appropriate for adequate operability. However, there may
be particular initiators for which there is redundancy and therefore Table II shows
level 2/3 for all initiator frequencies.

If there is full safety functions operability and an expected initiator occurs, this
should cleariy be level 0, as shown in Table П. However, occurrences of possible
or unlikely initiators, even though there may be considerable redundancy in the
safety systems, represent a failure of one of the important parts of defence in depth,
namely the prevention of initiators. For this reason Table II shows level 1 for possi-
ble initiators and level 2 for unlikely initiators.

If the operability of safety functions is the minimum required by operational
limits and conditions, then in some cases, as already noted, for possible and particu-
larly for unlikely initiators, there will be no further redundancy. Therefore, level 2/3
is appropriate, depending on the remaining redundancy. For expected initiators,
there will be additional redundancy and therefore a lower categorization is proposed.
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Table II shows level 1/2, where again the value chosen should depend on the addi-
tional redundancy within the safety functions. Where the safety function availability
is greater than the minimum required by operational limits and conditions but less
than full, there may be considerable redundancy and diversity available for expected
initiators. In such cases, level 0 would be more appropriate.

III-2.S. Use of the tables

In order to obtain a basic categorization from Tables I and II the following

procedure should be followed:

Firstly, decide whether there was an actual challenge to the safety systems (a

real initiator). If not, then Table I is appropriate, otherwise Table П is appropriate.

It may be necessary to consider an event using both tables if an initiator occurs and

reveals a reduced availability in a function not challenged by the real initiator, e.g.

if a reactor trip without loss of off-site power reveals a reduced availability of

diesels.

Ш-2.5.1. Use of Table I

The event to be rated is the unavailability of some components provided to
achieve a safety function where that safety function was not actually challenged by
an initiator. The first step is therefore to determine the safety function availability,
i.e. the appropriate row of Table I.

In practice, safety systems or components may be in a state not fully described
by any of the four rows. For example, the operability may be less than full but more
than the minimum required by operational limits and conditions, or the whole system
may be available but degraded by loss of indications. In such cases the relevant rows
should be used to give the possible range of the rating, and judgement used to deter-
mine the appropriate rating.

If the availability is just adequate but still within operational limits and condi-
tions, row В should be used.

The second step is to determine the frequency of the initiator for which the
safety function is required, i.e. the appropriate column of Table I. If there is more
than one relevant initiator then each must be considered. The one giving the highest
rating should be used. If the frequency lies on the boundary between two columns
some judgement will need to be applied.

As explained in Section Ш-2.4, where a choice of rating is given, the choice
should be based on the extent of redundancy and diversity available for the initiator
being considered.
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Ш-2.5.2. Use of Table II

The event to be rated is one where a initiator has occurred, i.e. there has been

a challenge to safety systems.

The First step is therefore to decide the frequency with which that type of initia-

tor was expected by design, i.e. to select an appropriate column in Table П. In decid-

ing the appropriate column, it is the frequency that was assumed or the safety case

of the plant that is relevant. The Appendix provides some examples.

The second step is to determine the availability of the safety functions

challenged by the initiator, i.e. the appropriate row of Table П. It is important that

only those safety functions challenged by the initiator are considered. If other safety

system deficiencies are discovered, they should be assessed using Table I against the

initiator that would have challenged that safety function. It is also important to note

that row В refers to the availability requirements prior to the event, not afterwards.

If the availability is within operational limits and conditions but also just adequate,

row С should be used.

As explained in Section III-2.4, where a choice of rating is given, the choice

should be based on the extent of redundancy and diversity available for the initiator

being considered.

III-2.6. Beyond Design initiators

Beyond Design initiators are not included specifically in Table I or II. If such

an initiator occurs then level 2 or 3 is appropriate under defence in depth depending

on the redundancy of the systems providing protection. However, it is possible that

Beyond Design initiators will lead to an accident requiring classification under off-

site or on-site impact.

Where the Beyond Design initiator does not occur but the operability of the

required safety function is less than the minimum required by operational limits and

conditions, level 1 is appropriate. If the operability is greater than the minimum

required by operational limits and conditions, or the OL&C do not provide any limi-

tations on the system operability, level 0 is appropriate.

III-2.7. Additional factors

The values in the tables are intended to show the basic level that should gener-
ally be chosen. That level can be increased or decreased by one level depending on
a number of factors.

In considering the need to downgrade an event, it must be remembered that

some factors have already been included in the choice of the basic level. Other fac-
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tors to be reviewed when considering the need to downrate the valne given in the
table are:

— the time-scale available for corrective action compared to the time required to
carry out the operation reliably (taking into account the accessibility of the
relevant components);

— the time for which the unavailability existed (downrating by one level if the
unavailability was very short compared to the test interval for the component
of that safety system).

The factors to be reviewed when considering the need to uprate the value given
in the table are discussed in Section III-5.

In particular, due to upgrading, it may happen that an event could be rated as
level 1, although of no safety significance without taking into account those addi-
tional factors. Also to be noted is the fact that due to all additional factors, the level
of an event could only be upgraded or downgraded by one level and that the ultimate
level according to the defence in depth criterion is level 3.

Some of the above factors may have already been included in the basic rating
e.g. common mode failure. It is therefore important to take care that such failures
are not double counted.

Before finalizing the selection, it is important to compare the selected level
with its overall definition in order to check the coherence; for example, level 3 is
intended to apply to incidents where had one additional failure happened (either an
expected initiator or a further component failure), an accident would have occurred.

III-2.8. Structural defects

The surveillance programme is intended to identify defects before their size
becomes unacceptable. If the defect is within this size then level 0 would be
appropriate.

If the defect is larger than expected under the surveillance programme,
categorization of the defects needs to take account of two factors.

Firstly, the safety significance of the defective component should be deter-
mined by assuming that the defect had led to failure of the component.

(a) If the defect is in a safety system then Table I will give the upper limit of the
basic rating. The possibility of common mode failure may need to be
considered.

(b) If the defect was in a component whose failure could have led to an initiator,
then Table II will give the upper value of the basic rating.

This basic rating should be adjusted depending on the likelihood that the defect
would have led to component failure, and by consideration of the additional factors
discussed in Section III—5.
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Defect detected by routine
surveillance program

Deviation within
acceptance criteria

i

Yes
E.

A
Level 0 I

No

No

No

i f

Could the defect have led
to the failure of

a safety system?

Could the system have led
to an initiator''

No

Use Table II

Yes

Use Table I

Adjust the rating on the likelihood
of the component failure

..i' .,n' . ' Ш . ' M. .

Consider additional
factors

FIG. 5. Flow chart for structural defects.
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The procedure is shown in the flow chart of Fig. 5 and is illustrated by an
example. A very small leak (delected only by humidity measurement) was discov-
ered in the^non-isolatable part of one safety injection line owing to defects which
werejnot expected by the sürveillançeprogramme (the area was not inspected by the
surveillance programme). Similar but smaller defects were present in the other safety
inaction linesД If the defect had led to failure of the component, a large loss of

K (unlikely initiator) would have occurred. Use of Table П
of 2. As only a leak occurred (no actual

^ ^ ^ £ ^ ^ be reduced by one level. However, as the
defects co^Jhave'l^to'co^i^oh^mode failure of all safety injection lines, the rating
was upgraded to level 2.

Ш-2.9. Potential initiators

Some events do not of themselves challenge the safety functions but do corres-
pond to an increased likelihood of an initiator. Examples are a leak terminated by
operator action or faujtsiii&covered1 in process control systems.

Such events can be assessed in a similar way to structural defects. First, the
significance of; the potential initiator should be'evaluated using Table П, based on *
the safety function availabiHry that existed at the time. Secondly, the rating should
be reduced, depending on the likelihood that the potential initiator could have devel-
oped from the event that actually occurred. The level toL which the rating should be
reduced must be based on judgement. The lower end of the possible range of ratings
can be derived from Table I, which assumes no increase of the likelihood of thé
initiator. *L^- _

IH-2.10. Hazards f

The occurrence of internal or external hazards such as fires, external explo-
sions or tornados may be rated using Table II. The hazard itself should not be consid-
ered as the initiator, but the safety systems which remain operable should be assessed
against an/initiator'''that'occurred and/or against potential initiators.. For events
involving failures in systems specifically provided for protection against hazards, for
example, qualified systems against earthquakes, Table I should be used, taking into
account the hazard as an initiator and assessing the operability of the safety functions
specifically provided for that hazard. * A

III-3. PROCEDURE BASED ON SYSTEMS AND CONTROLS TO PREVENT
ACCIDENTS

This section is applicable for a wide range of events, including those during
reactor shutdown, those associated with fuel handling and those associated more with
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operator exposure than public risk. The radioactive inventory and time-scales of such

incidents will vary widely. These are important factors to be taken into account in

rating events, and judgement must be applied.

For some events, the maximum possible on or off-site consequences are

limited by the radioactive inventory such that events at the higher levels of the scale

cannot occur. Clearly the maximum possible level with respect to degradation of the

defence in depth provisions, where an accident has been prevented, should be lower

than the maximum possible level with respect to on or off-site criteria. If the maxi-

mum possible on or off-site consequences for a particular activity cannot be greater

than level 4 on the scale, a maximum rating of level 2 is likely to be appropriate

under defence in depth where only a single safety layer remains. One site can, of

course, cover a number of activities and each activity must be considered separately

in this context. For example, reactor operation and waste storage should be consid-

ered as separate activities even though they can both occur at a reactor site.

For these reasons, the detailed procedure for rating events described in Sec-

tion Ш-2 is usually not appropriate. However, the general principles for the rating

of events can still be applied. These can be summarized as:

(a) The maximum rating should be established by taking account, of the potential

radiological consequences (on and off-site).

(b) The basic rating should then be determined by taking account of:

(i) The time available and the time required for identifying and implementing

appropriate corrective action,

(ii) The number of effective defence in depth layers available (hardware and

administrative) for surveillance, prevention and mitigation, including

passive and dynamical physical barriers.

'Expected' challenges to safety systems with all safety systems available should

be rated at level 0.

(r) In addition to the above considerations, upgrading or downgrading could be

applied as explained in Section III-5 within the maximum rating established

in (a).

Clearly, as well as considering the event under defence in depth, each event

must also be considered against the on and off-site criteria.

The following sections give more specific guidance for specific types of
events.

Ш-3.1. Events during reactor shutdown

Most reactor safety systems have been designed for coping with initiators

occurring during power operation. Events in hot shut down or start up condition are

quite similar to events in power operation and should be treated as discussed in

Section Ш-2. Once the reactor is shut down, some of these safety systems are still
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required to assure the safety functions but usually more time is available before a
possible release of the core inventory could occur.

On the other hand, this time available for manual actions to prevent a major
increase in fuel temperature and a release of radioactive fission products may replace
part of the safety provisions in terms of redundancy or diversity, i.e. depending on
the status of the plant a reduction in the redundancy of safety equipment and/or
barriers may be acceptable during some periods of cold shutdown. In such shutdown
conditions, the configurations of the barriers are sometimes also quite different (for
example, open primary coolant system, open containment, etc.).

Some examples applicable to pressurized water reactors are presented to give
guidance for rating events during cold shutdown with respect to the defence in depth
criteria. The rating mainly takes into account the time available for corrective actions
and the number of preventive layers not affected. For other reactor types it will be
necessary to use the general principles to rate such events. However, in addition to
the general guidance provided by the examples, the special circumstances of an event
have to be evaluated by engineering judgement.

Ш-3.1.1. Degradation of reactor core cooling

Minor changes in the coolant temperature due to some degradation of cooling,
with a comparably large time available for corrective actions, should be typically
classified 'below scale'.

Operation outside operational limits and conditions or exceeding allowed maxi-
mum coolant temperatures or coolant temperature differences (versus time) should
be rated as level 1, unless the conditions listed below are achieved.

Indications for level 2 could be substantial heatup of the coolant, e.g. massive
boiling, heatup with a high temperature gradient, etc.

Start of significant uncovering of fuel elements would typically indicate
level 3.

Ш-3.1.2. Events affecting the spent fuel pool

After some years of operation, the radioactive inventory of the spent fuel pool
may be high. In this case, rating of events affecting the spent fuel pool with respect
to the defence in depth criteria may span the full range from below scale up to
level 3.

Because of the large water inventory and the comparably low decay heat, there
is usually plenty of time available for corrective actions to be taken for events involv-
ing degradation of spent fuel pool cooling. This is equally true for a loss of coolant
from the spent fuel pool, since the leakage from the pool is limited by design. Thus,
a failure of the spent fuel pool cooling system for some hours or a coolant leakage
will not usually affect the spent fuel.
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Therefore, minor degradations of the pool cooling system or minor leakages
should be typically rated as level 0.

Operation outside the operational limits and conditions or a substantial increase
in temperature or decrease of the spent fuel pool coolant level should be classified
as level 1.

An indication of level 2 could be start of fuel element uncovering. Substantial
fuel element uncovering and heatup clearly indicate level 3.

II 1-3.1.3. Events related to fuel handling

The possible off-site consequences due to an event during fuel handling may
span a broad range. They depend on

— type of fuel (uranium, MOX, plutonium)
— status of fuel

• fresh fuel
• spent fuel (burnup)

— design of fuel, e.g. quantity of fuel.

Events during handling of unirradiated uranium fuel elements with no signifi-
cant implications for the handling of irradiated fuel should be typically rated as
level 0 if there has been no risk of damaging spent fuel elements or safety related
equipment.

The radioactive inventory of a single fuel element is obviously much lower
than the inventory of the spent fuel pool or the reactor core. As long as the cooling
of the spent fuel element is guaranteed, a release from the fuel element will be limited
since the integrity of the fuel matrix is not affected by overheating. The possible off-
site and on-site consequences are therefore limited. The very unlikely accidental
release of all the inventory of a spent fuel element may result in significant off-site
and on-site consequences. Hence, events during handling of irradiated fuel elements
where the defence in depth provisions are degraded, but where there are no off-site
or on-site consequences, should be rated in the range level 0 to level 2 although under
particular circumstances level 3 may be justified.

Events not affecting the cooling of the spent fuel element which only result in
a minor release or no release typically should be classified as level 0.

Level 1 should be considered for events involving

— operation outside the operational limits and conditions
— limited degradation of cooling not affecting the integrity of the fuel pins
— mechanical damage of the fuel pin integrity without degradation of cooling.

Level 2 may be appropriate for events in which there is damage to the fuel pin
integrity as a result of substantial heat up of the fuel element.
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Ш-3.2. Criticality control

Events related to the degradation of the safety systems provided against the

potential for an unintentional criticality should be categorized in a similar way to that

described above, i.e. taking account of the following aspects:

(a) The maximum rating should be determined by taking account of the nature and

behaviour of the potential critical system, the possibility of significant on-site

radiation exposure and off-site effects;

(b) The basic rating should then be determined by taking account of the number

of reliable means including administrative controls, still available to detect the

degradation of the shutdown margin and to prevent an unintentional criticality.

The effective automatic or manual means still available for shutdown of the

reactor should be included;

(c) In addition to the above considerations, upgrading or downgrading could be

applied as explained in Section III—5.

Minor deviations from the criticality safety regime which are within the opera-

tional limits and safety specifications should be typically classified as level 0.

Operation outside operational limits and conditions, e.g. for reactors, shut-

down margin below limit specified in the technical specifications or speed of reac-

tivity increase exceeding specified limits, should be rated as level 1. More significant

events can be rated at level 2 or 3 depending on the number of levels of protection

available and their reliability, and the potential consequences.

III-3.3. Loss or removal of radioactive sources

Strict control is required over the movement and storage of radioactive

sources.

Permanent loss of a sealed source should generally be rated at level 2.

However, level 3 would be appropriate if the dose to a member of the public could

be sufficient to result in a fatal exposure or radiation burns. Equally, level 1 would

be appropriate if the maximum possible dose could not exceed the threshold for

level 3.

Discovery of a source in an inappropriate location should be rated at levei 1

or 2, depending on the source size and the location where the source was discovered.

In both cases any actual off-site or on-site impact should of course be consid-

ered separately and may lead to a higher rating.

III-3.4. Spread of contamination

Any transfer of contamination on or off-site which results in a level above the
prescribed limit for the area should be rated by considering the number of remaining
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safety layers, the maximum potential consequences and any additional factors. Using
the guidance in Section III-5, such events may be rated at level 1 if there are inade-
quate procedures or a deficiency of safety culture.

If there are more significant failures in safety layers, application of the
guidance in Sections III-3 and Ш-5 may lead to a higher rating.

Ш-3.5. Dose control

Occasionally, situations may arise when the radiological control procedures
and managerial arrangements are inadequate and employees receive unplanned radia-
tion exposures (internal or external). Such events should be rated by considering the
number of remaining safety layers, the maximum potential consequences and any

-- '- additional factors. Using the guidance in Section III—5, such events may be rated at
- level 1, if there are inadequate procedures or a deficiency in safety culture. If the

event results in the cumulative dose exceeding prescribed limits, the event should be
rated at least at level 1 as a violation of operational limits and conditions.

[ If there are more significant failures in safety layers, application of the

guidance in Sections 1П-3 and III-5 may lead to a higher rating.

III-3.6. Interlocks on doors to shielded enclosures

Inadvertent entry to normally shielded locations is generally prevented by the
use of radiation activated interlocking systems on the entrance doors, the use of entry
authorization procedures and pre-entry checks on radiation dose rates.

Failure of the shield door interlocking protection can result from toss of electri-
: cal supply and/or defects in either the detector(s) or the associated electronic equip-
\ ment.

As the maximum potential consequences for such events are limited to level 4,
i events with only one safety layer of protection remaining should be rated at level 2.
: Events where additional protective systems remain should be rated at level 1.

! Ш-3.7. Unplanned discharge or releases

f ".
Unplanned small releases or discharges may indicate inadequate procedures or

a lack of safety culture. Such events may be rated at level 1, using the guidance
provided in Section III—5.

III-3.8. Breaches of discharge authorizations

Breach of an authorization should be rated at least at level 1 under defence in
depth. Off-site impact should of course also be assessed.
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III-4. BELOW SCALE

In general, events should be classified below scale/level 0 only if application

of the procedure described above does not lead to a higher rating. However,

provided none of the additional factors discussed in Section Ш-S are applicable, the

following types of event are typical of those that will be categorized as below

scale/level 0:

— automatic shutdown sequence proceeding normally
— spurious2 operation of the safety systems without affecting the safety of the

plant and normal return to operation
—• no significant degradation of the barriers (leak rate less than operational limits

and conditions)

— single failures or component inoperability in a redundant system, discovered
during scheduled periodic inspection or test.

Ш-5. CONSIDERATION OF ADDITIONAL FACTORS

The basic rating derived from the guidance given in Sections III—2 and Ш-3
can be increased by one level depending on a number of factors. These factors are
discussed below.

Particular aspects may challenge simultaneously different layers of the defence
in depth and are consequently to be considered as additional factors which may
justify an event having to be classified one level above the one resulting from the
previous guidance.

The main additional factors which could jeopardize the whole defence in depth,
or at least a large part of it, are:

— common cause failures
— procedural inadequacies
— Safety Culture deficiencies.

2 Spurious actuation in this respect would include operation of a safety system as a
result of a control system malfunction, instrument drift or individual human error (for exam-
ple, safety injection actuation due to human error during and I&C test while the reactor coolant
system parameters were normal). However, actuation of the safety system initiated by
variations in physical parameters which have been caused by unintended actions elsewhere in
the plant would not be considered as spurious initiation of the safety system. An example of
the latter is actuation of the safety injection system on low reactor coolant system level and
pressure caused by overcooling due to spurious opening of the steam dump (turbine bypass
line).
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Because of such upratings, it may happen that an event could be rated as
level 1, although of no safety significance without taking into account those addi-
tional factors.

When considering the upgrading of the basic level based on the above factors,
the following aspects require consideration:

(a) Some of the above factors may have already been included in the basic rating,
e.g. common mode failure. It is therefore important to take care that such
failures are not double counted.

(b) Considering all additional factors, the level of an event may only be upgraded
by one level.

(c) The maximum level according to the defence in depth criterion is less than or
equal to 3, depending on the maximum possible off-site or on-site conse-
quences for the facility, and this level is only applicable where had one other
event happened (either an expected initiator or a further component failure) an
accident would have occurred.

III-5.1. Common cause failures

A common cause failure is the failure of a number of devices or components
to perform their functions as a result of a single specific event or cause: in particular,
it can cause the failure of redundant components or devices intended to perform the
same safety function. This may imply that the reliability of the whole safety function
could be much lower than expected.

The severity of an event which implies a common cause failure affecting one
or several components is therefore higher than a random failure affecting the same
components: this may justify one level increase on the INES scale.

Similar considerations apply to events as regards the difficulty of operating
systems due to absent or misleading information (uprating by one level).

III-5.2. Procedural inadequacies

The simultaneous challenge of several layers of the defence in depth may arise
because of inadequate procedures. Such inadequacies in procedures are therefore
also a possible reason for uprating the level on the scale.

Examples include:

— Wrong or inadequate procedures given to operators for coping with an event.
(An example of this happened during the Three Mile Island accident in 1979:
the procedures to be used by the operators in the case of safety injection actua-
tion were not adapted for the particular situation of a loss of coolant in the
steam phase of the pressurizer).
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— Deficiencies in the surveillance programme highlighted by anomalies not dis-

covered by normal procedures or plant unavailabilities well in excess of the test

interval.

Ш-5.3. Events with implications for Safety Culture

In IAEA Safety Series No. 75-INSAG-4 the International Safety Advisory

Group pointed out the influence that 'Safety Culture' has on the safe operation of

a nuclear plant and on its ability to prevent human error and to benefit from the posi-

tive aspects of human action. INSAG defines Safety Culture as "that assembly of

characteristics and attitudes in organizations and individuals which establishes that,

as an overriding priority, nuclear plant safety issues receive the attention warranted

by their significance".

A correct Safety Culture helps to prevent incidents but on the other hand, a

lack of Safety Culture could result in operators performing in ways not in accordance

with the assumptions of the design. Safety Culture has therefore to be considered as

part of the defence in depth and unadequate Safety Culture can result in common

cause failures. Consequently, a deficiency in Safety Culture could justify upgrading

the level of an event by one level.

However, Safety Culture is an overall attitude based on two major compo-

nents: the framework determined by organization policy and by managerial action,

and the response of individuals working within and benefiting by the framework. It

is therefore difficult to consider a particular human error or deficiency systematically

as a lack of Safety Culture: it could nevertheless be an indicator of a deficiency in

the Safety Culture. To merit upgrading due to a deficiency in the Safety Culture, the

event has to be considered as a real indicator of a deficiency in the overall Safety

Culture. Safety Culture indicators are given in the appendix of IAEA Safety Series

No. 75-INSAG-4. Examples of such indicators could be:

— a violation of operational limits and conditions3 or a violation of a procedure,

without justification;

— a deficiency in the quality assurance process;

— an accumulation of human errors;

— a failure to maintain proper control over radioactive materials, including

releases into the environment or a failure in the systems of dose control;

— the repetition of an event indicating that neither have the possible lessons been

learnt nor the corrective actions taken after the first event.

3 The 'operational limits and conditions' (OL&C) describe the minimum operability
of safety systems such that operation remains within the safety requirements of the plant. They
may also include operation with reduced safety system availability for a limited time. In some
countries, 'Technical Specifications' include OL&C and furthermore, in the event that lhe
OL&C are not met, describe the actions to be taken, including times allowed for recovery and
the appropriate fallback state.
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If the system availability is within the operational limits and conditions but the

utility stays more than the allowed time (as defined in the technical specification) in

that availability state, the event should be rated at level 1 because of violation of the

technical specifications.

If the system availability is discovered to be less than that allowed by the

iiL&C, even for a limited time, but the operator goes to a safe state in accordance

with the technical specifications, the event should be rated as described in Sections

III-2 and III—3 (i.e. for reactors at power using rows С or D of Table I), but should

not be uprated due to violation of the technical specifications. Account should also

be taken of the time for which the safety function availability is less than that defined

by the OL&C.

In addition, some countries introduce into their technical specifications further

requirements such as limits that relate to the long term safety of components. For

events where such limits are exceeded for a short time, level 0/below scale may be

more appropriate.

Ш-6. EXAMPLES

Example 1: Reactor scram following the fall of control rods - level 0

Event description

The unit was operating at rated power. During the insertion of the shutdown

rod (A bank), which was carried out under the periodic control rod surveillance test,

the reactor was scrammed as a result of the 'power range neutron flux high negative

rate' signal, which also caused automatic turbine and generator trip.

The control rod operation was promptly checked on the control rod transient

position detector. It was found that the four control rods of shutdown bank A group

had fallen prior to the reactor shutdown.

An inspection of the control circuit of the control rod drive mechanism showed

that the cause of the malfunction was a defective regulation card (printed circuit

board).

Later, the relevant faulty card was replaced with a spare card, and after the
integrity of the control circuit had been checked, the operation was resumed at rated
output.

Rating explanation

The off-site and on-site criteria are not relevant for rating.

The accidental insertion of control rods does not challenge the safety systems

and is therefore not an initiator. The reactor trip is an initiator (expected), and the
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safety function 'cooling of the fuel' was fully available. Box Al of Table П is there-

fore appropriate. There are no reasons for uprating and therefore level 0 is selected.

This rating is confirmed by Section Ш-4.

Example 2: Reactor coolant leak during on-power refuelling - level 1

Event description

During routine refuelling at full power, a reactor coolant leak of 1.4 Mg/h

developed in the fuelling vault. Operators determined that the east fuelling bridge

had dropped 40 cm. The reactor was shut down and cooled. Coolant pressure was

maintained by transfer from other units and recovery from sump. Total leakage was

22 Mg (~ 10% of the inventory). No safety system operation was required with the

exception of containment box-up on high activity after one hour. There was no

abnormal release of radioactivity to the environment.

Rating explanation

The off-site and on-site criteria are not relevant for rating.
Although there was a very small reactor coolant leak, there was no challenge

to safety systems, as operator action maintained water inventory. Had the leak devel-

oped into a small loss of coolant accident, all the required safety systems were fully

available. Thus level 0 is appropriate.

The cause of the problem was interlock failure which was not checked by the

surveillance programme. Also, this deficiency was known before the event. For

these reasons, the event was uprated to level 1 (see Sections III-S.2 and III—5.3).

Example 3: Containment spray not available owing to valves left in closed
position - level 1

Event description

The twin plant has to shut down both its reactors annually in order to perform

the required tests on the common emergency core cooling system (ECCS) and the

related automatic safety actions.

These tests are usually performed when one of the two reactors is in cold shut-

down for refuelling.

On 9 October, Units 1 and 2 were subjected to these tests. Unit 1 remained

in the cold shutdown condition for refuelling and Unit 2 resumed power operation

on 14 October. On 1 November, it was discovered during the monthly check of the

safeguard valves that the four valves on the discharge side of the containment spray

pumps were closed. It was concluded that these valves had not been reopened after
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the tests on 9 October, in contradiction io the requirements of the related test
procedure.

Unit 2 had thus operated for 18 days with spray unavailable.
It was concluded that the cause of the event was a buman error. However, it

was recognized chat the error occurred at the end of a East period that was longer
than usual (as a result of troubleshooting) and that a more formal reporting of actions
accomplished could be very useful.

Rating explanation

The off-site and on-site crus ' o are not relevant for rating.
There was no real initiator, the operability of the safety function 'confinement'

was degraded. The operability was less than tne 'minimum required by OL&C but
more than just adequate, as a diverse ystem was available. The initiator that would
challenge the degraded safety function was a large LOCA (unlikely). Box C3 of
Table 1 is therefore appropriate. The fault was caused by human error but it is not
considered appropriate to uprate the event due to a deficiency in Safety Culture.
(Section III—2.4.1 explains that the choice of level 1 rather than zero for the basic
rating already took account of the fact that OL&C had been violated.)

Example 4: Primary system water leak through rupture disk of the
pressurizer discharge tank - level 1

Event description

The unit had been brought to hot shutdown. The residual heat removal (RHR)
system had been isolated and partially drained for system tests after modification
work and was therefore not available.

The periodic test of pressurizer spray system efficiency was under way and the
reactor coolant system was at a pressure of 1S9 bars. At about 4.00 p.m. the pres-
surizer relief tank high pressure alarm was actuated. The level in the volume control
tank fell, indicating leakage of reactor coolant at an estimated rate of 1.5 m3 an
hour. The operator went into the reactor building in an attempt to discover where
the leak was located and concluded that it was coming from the stem of a valve on
the reactor coolant system (manual valve located on the temperature sensor bypass
line). The operator checked that the valve was leaktight by placing it in its back seat
position by means of the handwheel (in fact, the valve was still not correctly seated).

The leakage continued and maintenance staff were called in at 6.00 p.m. but
they too failed to find the source of the leak.

During this time, the pressure and temperature inside the pressurizer relief
tank continued to rise. The operator maintained the temperature below 50°C by
means of feed and bleed operations, i.e. injections f cold make-up water and
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drainage into the reactor coolant drain recovery tank. Two pumps installed in parallel

direct this effluent out of the reactor building towards the boron recycle system tank.

At around 9.00 p.m. the activity sensors indicated an increase in radioactivity

in the reactor building. At 9.S6 p.m. the setpoint for partial isolation of the contain-

ment was reached. This resulted notably in closure of the valves inside the contain-

ment on the nuclear island vent and drain system. At this point effluent could no

longer be routed to the boron recycle system. Pressure inside the pressure relief tank

continued to rise until at 9.22 p.m. the rupture disks blew. To maintain the tempera-

ture in pressurizer relief tank at around 50°C, water make-up had to be continued

until 11.36 p.m. At 1.45 a.m. activity levels inside the reactor building fell below

the setpoint for containment isolation.

At 2.32 a.m. the reactor coolant system was at a pressure of 25 bars; the unit

had been brought to subcritical hot shutdown conditions with heat being removed by

the steam generators; the RHR system was still unavailable.

The RHR system was reinstated at 10.54 a.m. and at 11.45 a.m. the leaking

valve on the reactor coolant system was disconnected from its remote control to

allow it to be reseated, thereby stopping the leak.

Rating explanation

The off-site and on-site criteria are not relevant for rating.

Two approaches to rating can be considered. The first is to say that no real

initiator occurred as the emergency core cooling safety systems were not challenged.

The initial leakage was controlled by the normal make-up systems (see Sec-

tion HI-2.2.3). Level 0 would be appropriate. The second is to consider the small

reactor coolant leak as an expected initiator, with all safety systems, including make-

up from the volume control tank, fully available. Again, level 0 would be

appropriate.

The spurious initiator of containment isolation caused operating difficulties and
gave misleading information. For these reasons, the event was uprated to level 1 (see
Section Ш-5.1).

Example 5: Loss of forced gas circulation for between 15 and 20 minutes -
level 2

Event description

A single phase fault on the instrument supplies to Reactor 1 was not cleared

automatically and persisted until supplies were changed over manually. The fault

caused both high pressure and low pressure feed trip valves to close on one boiler,

leading to rundown of the corresponding steam driven gas circulator. Much of the

instrumentation and automatic control on the boilers and Reactor 1 was lost. Manual

L
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rod insertion was possible and was attempted but the rate was insufficient to prevent
rising temperatures leading to Reactor 1 being automatically tripped on high absolute
fuel element temperature (approximately 16°C rise). It appeared to the operator that
all the rod control systems were rendered inoperable.

The battery backed essential instrumentation and the reactor protection system
remained functional, together with some of the normal control and instrumentation
systems.

All gas circulators ran down as the steam to their turbines deteriorated. The
instrument supplies fault prevented engagement of gas circulator pony motors either
automatically or manually. Low pressure feed was maintained throughout to three
out of four boilers and was restored to the fourth boiler by operator action. After
the initial transient, leading to reactor tripping, fuel element temperatures fell but
rose as forced gas circulation failed. These temperatures stabilized at about 50°C
below normal operational levels before failing once again when gas circulator pony
motors were started on engagement of stand-by instrument supplies. Reactor 2 was
unaffected and operated at full output throughout. Reactor 1 was returned to power
the following day.

Rating explanation

The off-site and on-site criteria are not relevant for rating.
As explained in Section Ш-2.2.3, this event should be considered in two parts.

The first initiator was the transient caused by loss of feed to one boiler together with
loss of indications. This challenged the protection system, which was still fully avail-
able. This part of the event would therefore be rated at level 0.

The second initiator was the reactor trip and rundown of the steam driven gas
circulators. This challenged the safety function 'cooling of the fuel'. The operability
of this safety function was less than the 'minimum required by OL&C as none of
the pony motors could be started, but more than adequate as natural circulation
provided effective cooling and forced circulation was restored before temperatures
could have risen to unacceptable levels. Box Cl of Table II is therefore appropriate,
giving a rating of 2 or 3. As explained in Section III-2.4.2, the level chosen depends
on the extent to which the operability is greater than just adequate. In this event
because of the availability of natural circulation and the limited time for which forced
circulation was unavailable, level 2 is appropriate.

Regarding possible uprating, there are two issues to be considered, both identi-
fied in Section Ш-5.1. The fault involved common mode failure of all the circula-
tors. However, this fact has already been taken into account in the basic rating and
to uprate the event would be double counting (see introduction to Section Ш-5,
item (a)). The other relevant factor is the difficulties caused by absent indications.
However, these were more relevant to controlling the initial transient and could not
have led to a worsening of the post-trip cooling situation. Furthermore, from item (c)
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of Section Ш-5, level 3 would be inappropriate, as a single further component

failure would not have led to an accident.

Example 6: Fuel assembly drop duringrefuelling - level 2

Event description

While performing refuelling after lifting the fuel assembly from its cell, spon-

taneous pull-out of the refuelling machine telescopic beam occurred and a fresh fuel

assembly slumped onto the central tube of the refuelling machine flask. Interlocks

operated as designed and no fuel damage or depressurization occurred.

Rating explanation s '.'....-.._:-.:.'•

The off-site and on-site criteria are not relevant for rating.

The initiator was drop of a fuel assembly and this is considered to be 'unlikely'.

The provided safety systems were fully available. Box A3 of Table II gives level 2.

There are no reasons for uprating the event. Downrating could be considered

as the event involved fresh fuel and the maximum potential consequences were

limited. However, the occurrence of an unlikely initiator is considered sufficiently

serious to retain the rating of level 2.

Example 7: Partial blockage of the water intake of one unit and loss of off-site

power at the twin unit during cold weather - level 3

Event description

There were two events, both having the same cause: partial blockage of Unit 1

water intake and, two hours later, loss of off-site power at Unit 2.

The source of the twofold incident was the cold weather prevailing in the area

at the time: ice flows blocked the water intake wnile the low temperatures con-

tributed to the tripping of the conventional unit, followed by a voltage reduction on

the transmission grid.

Blocking of the pumping station at Unit 1

Ice probably slipped under the skimmer, reaching the trash racks of the Unit 1
pumping station. Further ice formation may have turned the ice flows into a solid
block, partially obstructing the trash racks shared by the two screening drums of
Unit 1 pumping station.

The blockage therefore occurred below the surface, out of sight, and may have

been worsened by recirculation of warm water, which was proceeding at the time.
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The recirculation from top to bottom would have driven the ice downwards. This
would have produced a significant reduction in raw water intake at the pumping
station. There was no clear alarm signal indicating the drop in level.

As a result of the drop in level, between 9.27 and 9.34 a.m. vacuum losses
occurred at the condensers of the four turboblowers for Unit 1 and the four auxiliary
turbine generators for the site.

Vacuum loss at the condensers led to automatic tripping of:

— the main steam intake of the four turboblowers at the plant (from 9.27 to
9.28 a.m.); the turboblowers switched over to the auxiliary feed (steam sup-
plied by auxiliary boilers) at 1100 rev/min.

— the four auxiliary turbine generator sets at the site (between 9.30 and
9.34 a.m.); the four corresponding busbars were each resupplied from the grid
within one second.

The main turbine generator sets were switched off at 9.28 and 9.34 a.m.
Rod drop occurred at 9,33 a.m. as a result of generalized clad failure detection

as signalled by two fault alarms, which were not due to actual changes in the
parameters concerned but to very brief voltage loss at the busbars fed by the auxiliary
turbine generators Nos 3 and 4 just before they were resupplied one second later
from the grid. Since the two signals did not reflect any actual fault, rod drop was
very likely caused by signals from the control system which indicates the carbon
dioxide temperature at the core exit.

Vacuum loss at the condensers for the turboblowers led to the bursting of
safety membranes on three of the four condensers. In spite of this, three turbo-
blowers continued to operate because they were fed by the steam from the auxiliary
boilers, which remained in operation throughout, and steam was released into the
vault and thence into the reactor building.

Following the scram, the reactor was cooled through forced carbon dioxide
circulation in the vessel. The CO2 flow rate remained above 1.6 t/s (the minimum
flow rate for core cooling following reactor trip is 1 t/s). Residual power was
removed via the main heat exchanger cooled by means of feedwater and with steam
released to atmosphere, then by cooling the water at the condensers of the turbo-
blowers in operation.

Reactor trip at Unit 2

At about 11 a.m. the nuclear auxiliary systems for Unit 1, which had tripped,
were therefore half supplied by the auxiliary turbine generators for the site and half
by the grid.

Unit 2 was still in operation, although from 9.33 to 10.3S a.m. no auxiliary
turbine generator set at the site had been available (situation not foreseen under
general operating rules) and the only power supplies consisted of the transmission
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grid and the two main turbine generator sets for the unit. From 10.55 a.m. onwards,
when a second auxiliary turbine generator was reconnected to its switchboard, two
turboblowers were fed by the auxiliary turbine generators in operation and the two
other turboblowers drawing from one of the two 400 W lines.

At 11.43 a.m. tripping of the conventional unit led to a voltage drop in the grid
and tripping of Unit 2, actuating the alternator safety systems. Unit 1, which had
already tripped, remained supplied by the grid and the only power source lost was
that for the safety building, where the power supply systems for the emergency
system pumps are located. This power source ws provided by Unit 2.

It was at Unit 2 that the situation was the most critical. Following voltage
reduction in the transmission grid, the two main turbine generator sets at Unit 2
tripped almost simultaneously (unsuccessful house load operation), causing rod drop
and reactor scram as well as loss of off-site power (tripping of line circuit breakers).

At this time, only two of the four auxiliary turbine generators had been brought
back into service. Consequently, only two of the four turboblowers remained in
operation to provide core cooling. The power lines linking Unit 2 to the grid were
restored after 10 and 26 minutes, so that the other turboblowers were brought back
into service. '

Rating explanation

The off-site and on-site criteria are not relevant for rating.
This is a complex set of events, but the event being rated is the operation of

Unit 2 without any on-site essential electrical supplies (due to the loss of cooling
water following ice formation). There was no initiator but the safety function 'cool-
ing of the fuel' was degraded. The operability of the safety function was inadequate
as there were no on-site electrical supplies to cope with a loss of off-site power (an
expected initiator). Thus, box Dl of Table I is appropriate, giving level 3.

Although the time of unavailability was short, the likelihood of loss of off-site
power was high. Indeed, it was lost shortly afterwards. It is not appropriate, there-
fore, to downrate the event.

Example 8: Incorrect calibration of regional overpower detectors - level 1

Event description

During a routine calibration of the regional overpower detectors for shutdown
systems 1 and 2, an incorrect calibration factor was applied. The calibration factor
used was for 96% power, though the reactor was at 100% power. This error in
calibration was discovered approximately six hours later, at which time all detectors
were recalibrated to the correct value for operation at full power. The trip effective-



DEFENCE IN DEPTH CRITERIA FOR REACTORS 49

ness of this parameter for both shutdown systems was therefore reduced for approxi-

mately six hours.

Rating explanation

The off-site and on-site criteria are not relevant for rating.

There was no real initiator but the operability of the protection system was

reduced. The operability was less than the 'minimum allowed by OL&C' but greater

than just adequate, as a second trip parameter with redundancy remained available.

The wrongly calibrated detectors would also have provided protection for most fault

conditions. The protection was required for 'expected' initiators. Box Cl of Table I

gives level 1 or 2, and 1 was chosen as the operability was considerably more than

just adequate.

In considering whether the basic rating should be adjusted, it is relevant to con-

sider that the fault only existed for a short time. On the other hand, there were defi-

ciencies in the procedure. It was decided to keep the rating at level 1.

Example 9: Failure of safety system train during routine testing - level 1

Event description

The unit was operating at nominal power. During the routine testing of one

diesel generator, a failure of the diesel generator control system occurred. The diesel

was taken out of service for about six hours for maintenance and then returned to

service. The technical specifications require that if one diesel generator is taken out

of service, the other two safety system trains should be tested. This testing was not

carried out at the time. Subsequently, the other safety system trains were tested and

shown to be available.

Rating explanation

The explanation given here is appropriate for rating the event once the addi-

tional testing had been carried out to show that two trains were in fact available.

The off-site and on-site criteria are not relevant for rating.

There was no initiator but the safety function 'cooling of the fuel' was

degraded. The operability was not less than the 'minimum allowed by OL&C', as

two trains remained available. Box Al of Table I, therefore, gives the basic rating

as zero. However, the operators violated the technical specifications and in accor-

dance with the guidance in Section Ш-5.3 the event was uprated to level 1.
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Ш-7. DEFINITIONS

The terms and definitions used here are essentially those contained within the

IAEA Nuclear Safety Standards (NUSS) publications.

accident conditions. Deviations from operational states which are expected to be

infrequent and which could lead to the release of unacceptable quantities of

radioactive materials if the relevant engineered safety features did not function

as per design intent.
anticipated operational occurrences. All operational processes deviating from

normal operation which are expected to occur once or several times during the
operating life of the plant and which, in view of appropriate design provisions,
do not cause any significant damage to items important to safety nor lead to
accident conditions.

initiator (initiating event). An identified event (initiator) that leads to anticipated
' operational occurrences or accident conditions and challenges some safety

functions.

operability of a safety system/equipment. A system or component shall be consid-
ered operable when it is capable of performing its required function in the
required manner.

operational limits and conditions. A set of rules which set forth parameter limits,
the functional capability and the performance levels of equipment and person-
nel approved by the regulatory body for safe operation of the nuclear power
plant. (In some countries, these are called 'technical specifications'.)

safety functions. Spécifie purposes that must be accomplished for safety. The list of
safety functions is given in the IAEA Safety Guide S0-SG-D1.

safety systems. Systems important to safety, provided to ensure the safe shutdown
of the reactor or the residual heat removal from the core, or to limit the conse-
quences of anticipated operational occurrences and accident conditions.

safety layers. Passive systems, automatically or manually initiated safety systems,
or administrative controls that are provided to ensure that the required safety
functions are achieved.
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Appendix to Part Ш

EXAMPLES OF INITIATORS

Ш-А. 1 .PRESSURIZED WATER REACTORS (PWR and WWER)

III-A. 1.1. Expected

— Reactor trip ~
— Inadvertent chemical shim dilution
— Loss of feedwater flow
— Reactor coolant system depressurization by inadvertent operation of an active

component (e.g. a safety or relief valve) ^ -- —
— Inadvertent reactor coolant system depressurization by normal or auxiliary

pressurizer spray cooldown • = L

— Power conversion system leakage that would not prevent a controlled reactor ~
shutdown and cooldown

— Steam generator tube leakage in excess of plant technical specifications but less
than the equivalent of a full tube rupture

— Reactor coolant system leakage that would not prevent a controlled reactor
shutdown and cooldown

— Loss of off-site AC power, including consideration of voltage and frequency
disturbances

— Operation with a fuel assembly in any misoriented or misplaced position

— Inadvertent withdrawal of any single control assembly during refuelling
— Minor fuel handling incident

— Complete loss or interruption of forced reactor coolant flow, excluding reactor
coolant pump locked rotor

III-A.1.2. Possible

— Small loss of coolant accident (LOCA)

— Full rupture of one steam generator tube
— Drop of a spent fuel assembly involving only the dropped assembly

— Leakage from spent fuel pool in excess of normal make-up capability
— Blowdown of reactor coolant through multiple safety or relief valves.

III-A.1.3. Unlikely

— Major LOCA, up to and including the largest justified pipe rupture in the reac-
tor coolant pressure boundary

— Single control rod ejection
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— Major power conversion system pipe rupture, up to and including the largest
justified pipe rupture

— Drop of a spent fuel assembly onto other spent fuel assemblies.

Ш-А.2. BOILING WATER REACTORS

III-A.2.1. Expected

— Reactor trip 1
— Inadvertent withdrawal of a control rod during reactor operation at power
— Loss of feedwater
— Failure of reactor pressure control
— Leakage from main steam system - -
— Reactor coolant system leakage that would not prevent a controlled reactor

shutdown and cooldown : ^ / 7
— Loss of off-site power AC, including consideration of voltage and frequency

disturbances
— Operation with a fuel assembly in any misoriented or misplaced position
— Inadvertent withdrawal of any single control rod assembly during refuelling
— Minor fuel handling incident
— Loss of forced reactor coolant flow.

III-A.2.2. Possible

— Small LOCA
— Rupture of main steam piping
— Drop of spent fuel assembly involving only the dropped assembly
— Leakage from spent fuel pool in excess of normal make-up capability
— Blowdown of reactor coolant through multiple safety or relief valves.

Ш-А.2.3. Unlikely

— Major LOCA, up to and including the largest justified pipe rupture in the reac-
tor coolant pressure boundary

— Single control rod drop
— Major rupture of main steam pipe
— Drop of a spent fuel assembly onto the other spent fuel assemblies.

III-A.3. CANDU PRESSURIZED HEAVY WATER REACTORS

III-A.3.1. Expected

— Reactor trip
— Inadvertent chemical shim dilution
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— Loss of feedwater flow
— Loss of reactor coolant system pressure control (high or low) due to failure or

inadvertent operation of an active c-mponent (e.g. feed, bleed or relief valve)
— Steam generator tube leakage in excess of plant operating specification but less

than the equivalent of a full tube rupture
— Reactor coolant system leakage that would not prevent a controlled reactor

shutdown and cooldown
— Power conversion system leakage that would not prevent a controlled reactor
"• shutdown and cooldown
— Loss of off-site power AC, including consideration of voltage and frequency

disturbances ,
— Operation with fuel bundle(s) in any misplaced position
— Minor fuel handling incident -.--- .--- = ,..-
— Reactor coolant pump(s) trip
— Loss of feedwater to one or more steam generators
— Flow blockage in an individual channel (less than 70%)
— Loss of moderator cooling
— Loss of computer control
— Unplanned regional increase in reactivity.

1П-А.3.2. Possible

— Small LOCA (including pressure tube rupture)
— Full rupture of one steam generator tube
— Blowdown of reactor coolant through multiple safety or relief valves
— Damage to irradiated fuel or loss of cooling to fuelling machine containing

irradiated fuel
— Leakage from irradiated fuel bay in excess of normal make-up capability
— Feedwater line break
— Flow blockage in an individual channel (more than 70%)

..----— Moderator failure ^ — r
— Loss of end shield cooling
— Shutdown cooling failure
— Unplanned bulk increase in reactivity
— Loss of service water (low pressure, high pressure service water or recircu-

lated cooling water)
— Loss of instrument air
— Loss of on-site electrical power (Class IV, III, II or I).

III-A.3.3. Unlikely

— Major LOCA, up to and including the largest justified pipe rupture in the
reactor coolant pressure boundary
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— Major power conversion system pipe rupture, up to and including the largest

justified pipe rupture.

Ш-А.4. RBMK REACTORS (LWGR)

III-A.4.1. Expected

— Reactor trip
— Malfunction in the system of neutron control of reactor power

— Loss of feedwater flow
— Reactor coolant system (primary circuit) depressurization due to inadvertent

operation of an active component (e.g. a safety or relief valve)

— Primary circuit leak not hindering normal reactor trip and cooldown

— Reduced coolant flow through a group of fuel channels and reactor protection

system channels

— Reduced helium mixture flow in the reactor graphite stacking

— Loss of off-site AC power, including voltage and frequency disturbances

— Operation with a fuel assembly in any misoriented or misplaced position

— Minor fuel handling incident

— Depressurization of the fuel channel in the course of refuelling.

III-A.4.2. Possible

— Small LOCA

— Spent fuel assembly drop

— Leakage from spent fuel pool in excess of normal make-up capability

— Primary coolant leak through multiple safety or relief valves

— Fuel channel or RPS channel rupture

— Loss of water flow in any fuel channel

— Loss of water flow in RPS cooling circuit

— Total loss of helium mixture flow in the reactor graphite stacking

— Emergency in the course of on-load refuelling machine operation

— Total loss of auxiliary power

— Unauthorized supply of cold water from emergency core cooling system
(ECCS) into reactor.

III-A.4.3 Unlikely

— Major LOCA up to and including the largest justified pipe rupture in the

reactor coolant pressure boundary

— Main steam pipe break before the main steam isolation valve (MSIV), includ-

ing the largest justified pipe rupture
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Drop of a spent fuel assembly onto other spent fuel assemblies

Total loss of service water flow
Fuel assembly ejection from the fuel channel including ejection from the fuel

channel while in the refuelling machine.

III-A.5. GAS COOLED REACTORS

III-A.5.1. Expected

— Reactor trip , -'

— Loss of feedwater flow

— Very small depressurization

— Boiler tube leak - ..;,"• : 1' Г " "".' :~~У-~

— Loss of off-site AC power, including consideration of voltage and frequency

disturbances : --"•""'.- . : . """"

— Inadvertent withdrawal of one or more control rods

— Minor fuel handling incident

— Some loss of interruption of forced reactor coolant flow.

III-A.5.2. Possible

— Minor depressurization

— Inadvertent withdrawal of a group of control rods

— Full boiler tube rupture

— Dropped fuel stringer (AGR only)

— Closure of circulator inlet guide vanes (IGVs) (AGR only)

— Gag closure faults (AGR only).

III-A.5.3. Unlikely

— Major depressurization

— Failure of steam pipework

— Failure of feed pipework.
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DEFENCE IN DEPTH CRITERIA — NON-REACTOR
INSTALLATIONS

IV-1. GENERAL DESCRIPTION

IV-1.1. Overall approach

The avoidance of radiological accidents and incidents and hence the safety of
a nuclear installation is based on good design and operation. A defence in depth
approach is generally applied to both of these aspects and allowance is made for the
possibility of equipment failure, human error and the occurrence of unplanned
developments.

The definition of defence in depth from IAEA Safety Series No. 75-INSAG-3,
Basic Safety Principles for Nuclear Power Plants, can be applied to all nuclear instal-
lations and the transport of radioactive material. It states:

"To compensate for potential human and mechanical failures, a defence
in depth concept is implemented, centred on several levels of protection
including successive barriers preventing the release of radioactive
material to the environment. The concept includes protection of the
barriers by averting damage to the plant and to the barriers themselves.
It includes further measures to protect the public and the environment
from harm in case these barriers are not fully effective. "

Similar defence in depth provisions are also provided to prevent the transfer
of radioactive material into poorly shielded locations.

Defence in depth is, therefore, a combination of conservative design, quality
assurance, surveillance activities, mitigative measures and a general Safety Culture
that strengthens each of the successive layers. Hence, the prevention of accidents and
incidents derives from good operational practices to prevent failures, quality assur-
ance to verify the achievement of the design and operational intent, surveillance to
detect degradation or failure during operation, and steps to ensure that a small pertur-
bation or incipient fault does not develop into a more serious situation.

Each failure in the defence in depth provisions must be checked carefully and
its implications assessed. The existence of several remaining components of defence
in depth is never justification for unquestioned continued operation in the absence
of one component.
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Safe operation is maintained by the following safety functions:

— contrn! of the reactivity or safety related process conditions
— adequate cooling of the radioactive material
— confinement of the radioactive material.

Each of these safety functions is then assured by safety systems, either passive
or active systems, or administrative controls, which are usually provided in a redun-
dant way, and the availability of which is controlled by the operational limits and
conditions.

Classification under defence in depth depends on whether the safety functions
have been challenged and on the availability of these safety systems.

The INES rating is based on the consideration of the number of safety layers
that have been lost, the number that remain and the potential severity of the event.

These safety layers may be passive systems, automatically or manually
initiated safety systems, or administrative controls. The type and extent of safety
layers provided will depend on the time available for corrective action and the poten-
tial consequences should the system fail.

Three levels on the INES scale are provided for the degradation of defence in
depth criteria, the rating reflecting the extent of impairment of the safety provisions.

The defence in depth criteria do not apply to those controls provided only for
the safeguard of fissile material. Equally, published accountancy imbalances for
fissile material (material unaccounted for, MUF), are to be considered as out of
scale.

IV-1.2. Additional factors

Where appropriate, the safety systems which assure the safety functions having
a high reliability will be provided in a redundant and sometimes in a diverse way.
Nevertheless, particular aspects may challenge simultaneously different layers of the
defence in depth.

The main additional factors that could jeopardize the whole defence in depth,
or at least a large part of it, are:

— common cause failures
— procedural inadequacies
— Safety Culture deficiencies.

Such factors are therefore given special consideration, as explained in
Section IV-3.
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rv-1.3. Verification of rating

Once a level has been selected, it is important to compare it with the overall
definition of the three levels to confirm that the level is appropriate:

level 0: No safety significance
level 1: Anomaly beyond the authorized operating regime
level 2: Incidents with significant failures in safety provisions
level 3: Near Accident — No defence in depth remaining.

IV-2. GENERAL PRINCIPLES FOR RATING OF EVENTS

_- This guidance is applicable for a wide range of nuclear installations, and the
radioactive inventory and time-scales of incidents at such installations will vary
widely. These are important factors to be taken into account in rating events and it
is inevitable that judgement must be applied.

Although three levels for defence in depth degradation are available, for some
installations the maximum possible on or off-site consequences are limited by the
radioactive inventory such that events at the higher levels of the scale cannot occur.
Clearly the maximum possible level with respect to degradation of the defence in
depth provisions, where an accident has been prevented, should be lower than the
maximum possible level with respect to on or off-site criteria. If the maximum possi-
ble on or off-site consequences for a particular activity cannot be greater than level 4
on the scale because of the limited potential consequences, a maximum rating of level
2 is likely to be appropriate under defence in depth where only a single safety layer
remains. One site can, of course, cover a number of activities and each activity must
be considered separately in this context. For example, waste storage, reactor opera-

. tions and reprocessing should be considered as separate activities, even though they
can all occur at one site.

The general principles for the rating of events can be summarized as:

(1) The maximum rating should be established by taking account of the
potential radiological consequences (on and off-site).

(2) The basic rating should then be determined by taking account of:
(a) the time available and the time required for identifying and implementing

appropriate corrective action;
(b) the number of effective safety layers available (hardware and administra-

tive) for surveillance, prevention and mitigation, including passive and
dynamical physical barriers.

(3) In addition to the above considerations, upgrading could be applied as
explained in Section IV-3 within the maximum rating established in (1).
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Clearly, the on and off-site criteria must be considered as well as defence in
depth criteria.

Section IV-5 gives more specific guidance for specific types of events at each
of the facilities.

IV-3. CONSIDERATION OF ADDITIONAL FACTORS

-:- The basic rating derived from the guidance given in Section IV-2 can be
increased by one level depending on a number of factors. These factors are discussed
below.

Particular aspects may challenge simultaneously different layers of the defence
in depth and are consequently to be considered as additional factors which may
justify an event having to be classified one level above the one resulting from the
previous guidance. •- "

The main additional factors which could jeopardize the whole defence in depth,
or at least a large part of it, are:

— common cause failures
— procedural inadequacies
— Safety Culture deficiencies.

Because of such upratings, it may happen that an event could be rated as level
1, although of no safety significance without taking into account those additional
factors.

When considering the upgrading of the basic level based on the above factors,
the following aspects require consideration:

(1) Some of the above factors may have already been included in the basic rating,
e.g. common mode failure. It is therefore important to take care that such
failures are not double counted. _

(2) Allowing for all additional factors, the level of an event can only be upgraded
by one level.

(3) The maximum level according to the defence in depth criterion is 3 or lower,
depending on the maximum possible off-site and on-site consequences for the
facility, and this maximum level is only applicable where had one other event
happened (either an expected initiator or a further component failure), an
accident would have occurred.

IV-3.1. Common cause failures

A common cause failure is the failure of a number of devices or components
to perform their functions as a result of a single specific event or cause: in particular,
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it can cause the failure of redundant components or devices intended to perform the
same safety function. This may imply that the reliability of the whole safety function
could be much lower than expected.

The severity of an event which implies a common cause failure affecting one
or several components is therefore higher than a random failure affecting the same
components: this may justify one level increase on the INES scale.

Similar considerations need to be given to events concerning difficulty of oper-
ating systems caused by absent or misleading information (uprating by one level).

IV-3.2. Procedural inadequacies 7

The simultaneous challenge of several layers of the defence in depth may arise
because of inadequate procedures. Such inadequacies in procedures are therefore
also a possible reason for uprating the level on the scale. Т 7 ; т ; г =^ í

Examples include: f : -

— Wrong or inadequate instructions given to operators for coping with an event.
(An example of this on a reactor happened during the Three Mile Island
accident in 1979: the procedures to be used by the operators in the case of
safety injection actuation were not adapted for the particular situation of a loss
of coolant in the steam phase of the pressurizer.)

— Deficiencies in the surveillance programme highlighted by anomalies not dis-
covered by normal procedures or plant unavailabilities well in excess of the test
interval.

IV-3.3. Events with implications for Safety Culture

In IAEA Safety Series No. 75-INSAG-4 the International Safety Advisory
Group pointed out the influence that 'Safety Culture' has on the safe operation of
a nuclear plant and on its ability to prevent human error and to benefit from the posi-
tive aspects of human action. Safety Culture has been defined as "that assembly of
characteristics and attitudes in organizations and individuals which establishes that,
as an overriding priority, nuclear plant safety issues receive the attention warranted
by their significance".

A correct Safety Culture helps to prevent incidents but, on the other hand, a
lack of Safety Culture could result in operators performing in ways not in accordance
with the assumptions of the design. Safety Culture has therefore to be considered as
part of the defence in depth and inadequate Safety Culture can result in common
cause failures. Consequently, a deficiency in Safety Culture could justify upgrading
the level of an event by one level.

However, Safety Culture is an overall attitude based on two major compo-
nents: the framework determined by organization policy and by managerial action,
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and the response of individuals working within and benefiting by the framework. It
is therefore difficult to consider a particular human error or deficiency systematically
as a lack of Safety Culture: it could nevertheless be an indicator of a deficiency in
the Safety Culture. To merit upgrading due to a deficiency in the Safety Culture, the
event has to be considered as a real indicator of a deficiency in the overall Safety
Culture. Safety Culture indicators are given in the appendix of IAEA Safety Series
No. 75-INSAG-4.

Examples of such indicators could be:

— a violation of operational limits and conditions or a violation of a procedure,
without justification;

— a deficiency in the quality assurance process;
— an accumulation of human errors;

— a failure to maintain proper control over radioactive materials, including
releases into the environment or a failure in the systems of dose control;

— the repetition of an event, indicating that neither have the possible lessons been
learnt nor the corrective actions taken after the first event.

IV-4. BELOW SCALE

In general, events should be classified below scale/level 0 only if application

of the procedure described above does not lead to a higher rating. However,
provided none of the additional factors discussed in Section IV-3 are applicable, the
following types of event are typical of those that will be categorized as below
scale/level 0:

— spurious4 operation of the safety systems without affecting the safety of the
installation and normal return to operation;

— no significant degradation of the barriers (leak rate less than operational limits
and conditions);

— single failures or component inoperability in a redundant system, discovered
during scheduled periodic inspection or test.

4 Spurious actuation in this respect would include operation of a safety system as a
result of a control system malfunction, instrument drift or individual human error. However,
the actuation i>f the safety system initiated by variations in physical parameters which have
been caused by unintended actions elsewhere in the plant would not be considered as spurious
initiation of the safety system.
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IV-5. SPECIFIC GUIDANCE FOR RATING OF EVENTS

IV-5.1. Events common to all facilities

IV-5.1.1. Criticality control "Л--'.--- ==С

The behaviour of a critical system and its radiological consequences are
heavily dependent on the physical conditions and characteristics of the system. In
homogeneous fissile solutions the possible number of fissions, the power level of the
criticality excursion and the potential consequences of a criticality excursion are
limited by these characteristics. Experience with criticality excursions in fissile solu-
tions shows that typically the total number of fissions is in the order of 101 7 to 1018.

Heterogeneous critical systems such as fuel rod lattices or dry solid critical sys-
tems have the potential for high power peaks leading to explosive release of energy
and the release of large amounts of radioactive material due to substantial damage
to the installation.

The main hazard from a criticality excursion is due to high radiation fields
from direct neutron and gamma radiation leading to potentially high radiation
exposure to the personnel. A second consequence might be the off-site release of
short lived radioactive fission products and potentially severe contamination within
the facility. In addition, an explosive release of energy resulting from a criticality
excursion in a heterogeneous system might also result in the release of the fissile
material. Thus, in most cases the off-site and on-site impact are limited to level 4.
Only where fissile material can be released by an explosion is a higher rating
possible.

Sections IV-2 and IV-3 give the general principles for the categorization of
events related to the degradation of the safety systems provided against the potential
for an unintentional criticality excursion.

More specifically:

— Minor deviations from the criticality safety regime which are within the opera-
tional limits and conditions should be classified as level 0.

— Operation outside operational limits and conditions should be rated at least at
level 1.

An event should be rated at level 2 if only one safety layer prevents a critical
excursion and maximum potential consequences are limited to level 4. Level 3 would
be appropriate if all safety provisions fail but a criticality excursion did not occur
only due to favourable conditions; or if only one safety layer prevents a criticality
excursion whose consequences could have been level S.
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IV-5.1.2. Loss or removal of radioactive sources

Strict control is required over the movement and storage of radioactive
sources.

Permanent loss of a sealed source should generally be rated at level 2.
However, level 3 would be appropriate if the dose to a member of the public could
be sufficient to result in a fatal exposure or radiation burns. Equally, level 1 would
be appropriate if the maximum possible dose cou'd not exceed the threshold for
level 3.

Discovery of a source in an inappropriate location should be rated at level 1
or 2 depending on the source size and the location where the source was discovered.

In both cases any actual off-site or оп-site impact should of course be consid-
ered separately and may lead to a higher rating.

IV-5.1.3. Spread of contamination

Any transfer of contamination on or off-site which results in a level above the
prescribed limit for the area should be rated by considering the number of remaining
safety layers, the maximum potential consequences, and any additional factors.
Using the guidance in Section IV-3, such events may be rated at level 1, if there
are inadequate procedures or a deficiency of safety culture.

If there are more significant failures in safety layers, application of the
guidance in sections IV-2 and IV-3 may lead to a higher rating.

IV-5.1.4. Dose control

Occasionally, situations may arise when the radiological control procedures
and managerial arrangements are inadequate and employees receive unplanned radia-
tion exposures (internal or external). Such events should be rated by considering the
number of remaining safety layers, the maximum potential consequences and any
additional factors. In the light of the guidance in Section IV-3, such events may be
rated at level 1, if there are inadequate procedures or a deficiency in Safety Culture.
If the event results in the cumulative dose exceeding prescribed limits, the event
should be rated at least at level 1 as a violation of operational limits and conditions.

If there are more significant failures in safety layers, application of the
guidance in Sections IV-2 and IV-3 may lead to a higher rating.

IV-5.].5. Interlocks on doors to shielded enclosures

Inadvertent entry to normally shielded locations is generally prevented by the
use of radiation activated interlocking systems on the entrance doors, the use of entry
authorization procedures and pre-entry checks on radiation dose rates.
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Failure of the shield door interlocking protection can result from loss of electri-
cal supply and/or defects in either the detector(s) or the associated electronic
equipment.

As the maximum potential consequences for such events are limited to level 4,
events with only one safety layer of protection remaining should be rated at level 2.
Events where additional protective systems remain should be rated at level 1.

1V-5.1.6. Extract ventilation and filtration

Three separate but interrelated extract ventilation systems are normally
provided to maintain a pressure gradient between the plant vessels, cells/glove boxes
and operating areas as well as adequate flow rates through apertures in the cell oper-
ating area boundary wall to prevent back diffusion of radioactive material. In addi-
tion, cleanup systems, such as high efficiency paniculate air (HEPA) filters or
scrubbers, are provided to reduce discharges to atmosphere to below pre-defined
limits. zç'-j-,:-- -_--•

The impact of the failure of any one of the extract systems or the clean-up
equipment should be judged against the potential for transfer of active material to
areas of lower activity level; the degradation of the safety provisions such as the
decrease in the concentration of inerting gas and the buildup of explosive mixtures,
and the release of corrosive fumes.

Failure of all extract ventilation systems should be graded at level 2.
Single extract fan failures or failures of only the operating area ventilation

system should be rated at level 0 as the correct pressure gradient will be maintained.
More significant failures should be rated at level 1.

IV-5.1.7. Unplanned discharge or releases

Unplanned small releases or discharges may indicate inadequate procedures or
a lack of Safety Culture. Such events may be rated at level 1, using the guidance
provided in Section IV-3.- _

IV-5.1.8. Breaches of discharge authorizations

Breach of an authorization should be rated at least at level 1 under defence in
depth. Off-site impact should of course also be assessed.

1V-5.1.9. Hazards

The occurrence of internal or external hazards such as earthquakes, tornados
or explosions may be rated in the same way as other events, by considering the
number of safety layers remaining.
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For events involving failures in systems specifically provided for protection

against hazards, the number of safety layers should be assessed, including the likeli-

hood of the hazard occurring during the time when the system was unavailable.

Owing to the low expected frequency of such hazards, a rating greater than level 1

is unlikely to be appropriate.

IV-5.2. Events at fuel supply and manufacturing facilities

Relevant operations include:

— uranium mining and milling with conversion of yellow cake to uranium hexa- ч

I fluoride (UF6) '..:- •-•-.--' .-"'

— enrichment of UF 6 ~
—" conversion of UF 6 to uranium dioxide or metal 7 :
— fuel elements manufacturing from uranium and plutonium.

Additionally, there are hazards in the transportation and storage of various

products and wastes from the relevant facilities.

All process steps of these facilities are characterized by the fact that no fission

products or only very small traces of fission products are present. Therefore, the

radiological hazard of events in these facilities arises solely from the uranium and

plutonium isotopes present and their daughter nuclides.

IV-5.2,1. Reduced safely provisions against releases to atmosphere

IV-5.2.1.1. UF6 or uranium

Such releases have chemical and radiological safety aspects. It has to be

emphasized that the chemical risk posed by the toxicity of fluorine and uranium

predominates over the radiological risk. The INES scale, however, is only related

to the assessment of the radiological hazard. This should be borne in mind since

various countries have evaluated the radiological and the chemical risks together.

Since, from a radiological standpoint, no severe off-site or on-site conse-

quences exceeding level 4 from a UF 6 or uranium release are conceivable, the max-

imum rating under defence in depth should be level 2.

Thus, if a release is prevented by only one safety layer, level 2 is appropriate.

Where more safety layers are available the event should be rated at level 1 or level 0.

IV-5.2.1.2. Releases from MOX fuel facilities

Large plutonium releases could be rated at level S and therefore level 3 is the

maximum under defence in depth.
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The guidance in Sections IV-2 and IV-3 should be used to rate events
associated with failures in the safety provisions to prevent releases.

IV-5.2.2. Reduced safety provisions against liquid releases

IV-5.2.2.1. Uranium releases

Ás the maximum potential consequences from such events could not be higher
than level 3, the maximum rating under defence in depth should be level 2. This
would be applicable if only one safety layer prevented a major release. Where more
safety layers are available, the event should be rated at level 1 or level 0.

IV-5.2,2.2. MOX releases

Large plutonium releases could be rated at level 5 and therefore level 3 is the
maximum under defence in depth.

The guidance in Sections IV-2 and IV-3 should be used to rate events
associated with failures in the safety provisions to prevent releases.

1V-5.2.3. Handling incidents and drops of heavy loads

Handling incidents and drops of heavy loads in fuel supply and manufacturing
facilities principally pose the hazard of contamination of rooms and equipment and
subsequently the personnel. Typically, the following events are relevant:

— handling incidents of various containers for solutions, powder and fuel pellets;
— drops of these containers in storage areas;
— drops of fuel rods or assemblies;
— damage to vessels, glove boxes and pipe work during construction work.

If these handling incidents involve only uranium, no off-site or on-site conse-
quences greater than level 3 are conceivable. Minor handling incidents consequently
should be rated as below scale. Incidents which result in substantial plant damage,
such as pipework or vessel fracture, should be rated at level 2.

Handling incidents involving plutonium can give greater on and off-site
consequences.

Minor handling incidents should be rated as below scale.
Incidents which result in substantial plant damage, such as pipework or vessel

fractures, should be rated up to level 3, if there is a real chance that the plutonium
contamination may spread to uncontrolled areas.
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IV-5.2.4. Loss of electric power supply

Partial loss of electric power or loss of electric power from the normal grid
with available power supply from stand-by systems are occurrences in the range of
normal design provisions and therefore below scale.

Complete loss of electric power (including on-site stand-by supplies) for fuel
supply and manufacturing facilities not involving MOX fuel has no immediate safety
significance. Long lasting losses of electric power may have the potential for safety
related subsequent effects. Complete loss of electric power for a short time without
the possibility of adverse effects should be rated as level 1. Important safety related
consequences of a complete loss of electric power in the order of days may be a crys-
tallization of UF6 in an enrichment plant, or inadequate cooling of stored pluto-
nium. If adverse effects relevant for the safety of the facility are probable the event
may be rated as level 2.

IV-5.2.5. Fire and explosion

In fuel supply and manufacturing facilities, the radioactive material is normally
in non-burnable form with the exception of metallic uranium in the case of manufac-
turing uranium metal fuel elements for research or gas.-graphite reactors.

Fire hazards in fuel supply and manufacturing facilities are associated with the
use of organic solvents, burnable gases, some canning materials, electric equipment
and from adjacent chemical plants, supply systems or external causes (for example,
forest fires). Explosion hazards result from the use or the generation of hydrogen
(as a gaseous component in powder production and pellet sintering processes or as
generated by chemical reaction with metallic fuel), the accumulation of chemicals
such as ammonium nitrate (in scrap recovery processes) and metallic dust in some
steps of the manufacturing process of research or gas-graphite reactor fuel elements.

A fire or explosion within or adjacent to the plant which does not degrade any
safety provisions should be graded level 0. Fires which involve uranium or pluto-
nium, that are extinguished by the installed protection systems, or explosions that
do not degrade the primary barrier, should be rated level 0. If the primary barrier
is damaged, level 1 is appropriate for uranium facilities and level 2 for plutonium
facilities. Where only one protective layer remains, level 2 would be appropriate for
uranium facilities and level 3 for plutonium facilities.

IV-5.2.6. Transport of unirradiated nuclear fuel materials

Typical products to be transported in fuel supply and manufacturing facilities

are:

— yellow cake UO3 and other mixtures containing concentrated uranium;
— natural or enriched UF6;
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— natural or enriched uranium as dioxide, metal or solutions;
— plutonium oxide as powder;
— plutonium nitrate solutions;
— fuel elements (UO2, U-metallic alloys, UA1X, MOX);
— various waste forms.

Minor transportation incidents, which do not breach the container, should be
rated at level 0. Events where fuel material is packaged in an unauthorized container
should be rated at level 2 for uranium. Events involving plutonium packaged in an
unauthorized container should be rated at level 3. Minor faults in packaging resulting
in an increased risk of off-site or on-site impact should generally be rated at level 1,
except for packages containing plutonium where significant failures in packaging
could be rated at level 2.

IV-5.3. Events at reprocessing, high and intermediate level waste conditioning,
storage and vitrification plants

Relevant operations include:

— fuel storage;
— fuel reprocessing;
— separation and storage of plutonium and uranium;
— separation, storage and vitrification of highly active waste;
— conditioning, storage and disposal of low and intermediate level waste.

Additionally, there are hazards in the transportation of various products to and
within these facilities.

The maximum potential consequences of accidents associated with these opera-
tions could exceed level 4. Therefore, events can be rated up to level 3 under the
defence in depth criterion.

IV-5.3.1. Reduced safety provisions against releases to the environment

As the detailed safety systems provided for process control, cooling and
confinement are different for each operation, and will vary between sites, it is not
possible to give detailed guidance.

Events should be rated using the general guidance given in Sections IV-2 and
IV-3. As the maximum potential consequences of accidents could exceed level 4,
events can be rated up to level 3 under the defence in depth criterion. This maximum
rating would be appropriate where only a single safety layer prevented the release.
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IV-5.3.2. Fires and explosions

The significance of fires and explosions at nuclear installations depends not
only on the material involved, but also on the location and the ease with which fire
fighting operations can be undertaken. The assignment of a severity classification,
therefore, depends on the impact on plant operations, the number of protective
barriers and/or safety systems affected and their location relative to the process
material* i.e. the loss of a plant building shell is less important than a breach of the
plant primary or secondary containment.

A fire or explosion within or adjacent to an active plant which does not degrade
any safety provisions should be graded level 0. Fires which involve process
materials, which are extinguished by the installed protection systems, or explosions
that do not degrade the primary barrier, should be rated level 0. If the primary
barrier is damaged, in general level 2 is appropriate except for facilities handling
only recovered uranium, where level 1 is appropriate. Where only one protective
layer remains, level 3 would be appropriate.

1V-5.3.3. Dropped loads

The impact of failures of lifting equipment depends on the areas in which the
failure occurs, the material dropped or affected and the equipment which was or
could have been hit. A failure which does not significantly damage plant or equip-
ment or degrade the safety provisions should normally be graded level 0.

Dropped loads that do not damage any safety systems or containment barriers
but result from deficiencies in procedures or Safety Culture should be rated at
level 1.

Dropped loads affecting safety systems or containment barriers should be rated
by considering the remaining number of safety layers (Sections IV-2 and IV-3).

IV-5.3.4. Loss of power supplies

It is sometimes necessary to provide a guaranteed electrical supply to a plant
to ensure its continued safe operation and to maintain the availability of monitoring
equipment and surveillance instruments. Several independent electrical supply routes
and diverse supply means are used to prevent common cause failure. In exceptional
circumstances some plants will be automatically shut down, in a safe condition, on
total loss of electrical power supplies whilst in others additional safety functions,
such as the use of inerting gas, will be provided.

A loss of the primary electrical power supply, which does not affect the safety
of the plant or any of the control systems, will be graded level 0.

Events with additional failures in backup systems should be rated by consider-
ing the maximum potential consequences and the number of safety layers remaining.
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It is particularly important to take account of the time delay acceptable before resto-

ration of supplies is required.

Unavailabilities of backup systems should be rated in a similar way, with off-

site supplies being considered as an additional safety layer.

IV-5.3.5. Loss of cooling

Failures in essential cooling systems can be rated in a similar way to failures

in electrical systems by taking account of the maximum potential consequences, the

number of safety layers remaining and the time delay acceptable before restoration

of cooling is required.

In the case of failures in the cooling systems of high level liquid waste or pluto-

nium storage, level 3 is likely to be appropriate for events where only a single safety

layer remains for a significant period of time.

IV-5.3.6. Transport У ^

Typical products to be transported include:

— irradiated fuel

— plutonium oxide

— plutonium nitrate

— uranium oxide

— uranium nitrate

— high and intermediate level waste.

Minor transportation incidents, which do not breach the container, should be
rated at level 0.

Events where irradiated fuel, plutonium, high or intermediate level waste are

packaged in an unauthorized container should generally be rated at level 3. Similar

events involving uranium should be rated at level 2.

Faults in packaging should be rated up to a maximum of level 3 by assessing

the increased risk of an off-site or on-site impact.

IV-5.4. Events at low level waste conditioning, storage and disposal facilities

Low level wastes arise, are handled and stored at all nuclear installations.

Most events would involve dispersal of a small fraction of the radioactivity
contained in one or a small number of waste containers and a rating greater than
level 1 would not be appropriate.

Any failure of lifting equipment which results in a breach of a waste container
should be graded level 1.
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Any fire or explosion involving low level waste should be rated at level 1
owing to deficiencies in procedures or Safety Culture.

Equally, the addition of material outside the specified range for the store
should also be rated level 1, owing to deficiencies in procedures or Safety Culture.

IV-6. EXAMPLES

Example 1: Pressurization of a fuel element dissolver vessel ullage: level 0

Event description

The detection of a small pressurization of the ullage space in a reprocessing
plant dissolver resulted in the automatic shutting down of the process. The dissolver
heating system was switched off and cooling water applied; the nitric acid feed to
the vessel was stopped and the dissolution reaction suppressed by the addition of
water to the vessel contents. No release of airborne contamination to the plant operat-
ing area or the environment occurred.

Subsequent investigations indicated that the pressurization was due to an
abnormal release of vapour and an increased rate of nitrous vapour production as a
result of a short term enhanced rate of dissolution of the fuel.

Rating explanation

The event had neither off-site nor on-site impact. Because of the deviation in
the process conditions, the process was automatically shut down; all steps of shut-
down proceeded normally. No safety layers failed. Therefore the basic rating of
level 0 was selected.

Example ?: Manager received cumulative whole body dose above statutory
limit: level 1

Event description

The whole body dose received by a plant manager during the last two weeks
in December was marginally higher than authorized or expected and as a result his
cumulative whole body dose exceeded the statutory annual limit.

Rating explanation

The event had no off-site impact. The on-site impact was below the threshold
of significance. So the rating is done under the defence in depth criteria (see Sec-
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tion 1-2.2). Since the statutory annual limit of the cumulative whole body dose was
exceeded the event is safety significant and has to be rated at least at level 1. There
were no additional factors for upgrading. Level 1 was selected as the appropriate
rating.

Example 3: Failure of shield door interlocking system: level 2

Event description

The incident occurred when a container of highly radioactive vitrified waste
was moved into a cell whilst the shield doors to the celi were open following a main-
tenance operation. The opening of the doors was controlled by a key exchange
system, installed gamma interlocks and programmable logic controllers. The original
design of the cell access system was modified twice, during the commissioning
period, in an attempt to improve it. All of these systems failed to prevent the transfer
of highly radioactive material into the cell whilst the shield doors were open.

Entry of personnel to this area is controlled by a permit which requires the
wearing of personal alarm dosimeters.

Personnel who might have been present in the cell or adjacent areas could have
received a serious radiation exposure if they had failed to respond to either the
container movement or their personal alarm dosimeter sounding a warning. In the
event, the operator quickly observed the problem and closed the shield doors and no
one received any additional exposure.

Rating explanation

The plant design concerning man access to the cells had been modified during
commissioning and the consequences of these changes had been inadequately consid-
ered. In particular:

(a) The commissioning of the interlock key exchange system for the cell shield
doors had failed to show that the system was inadequate.

(b) A programmable logic control system had not been programmed and commis-
sioned correctly.

(c) The modifications were poorly assessed and controlled because their safety
significance was not classified correctly.

(d) Designers and commissioning staff did not communicate properly.

A permit to work authorization had been closed, indicating that the plant had
been returned to its normal state, but in fact it had not.

The temporary plant modification proposal (TPMP) system was too frequently
used in this plant and inadequately controlled, and the full TPMP system in use
required improvement.
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Training and supervision of active cell entries was inadequate.
There were, however, two remaining defence in depth provisions, the permit

to work authorization procedure for entry to the cells and the use of personal alarm
dosimeters.

Although the defence in depth provisions had been significantly degraded, two
levels of protection were still available. The on-site impact of the potential maximum
incident was level 4 and hence the basic rating of level 1 is appropriate (see Sec-
tion IV-5.1.5). However, because of a number of deficiencies in Safety Culture
mentioned above, the rating was upgraded to level 2.

IV-7. DEFINITIONS

The terms and definitions used here are essentially those confined within the
IAEA Nuclear Safety Standards (NUSS) publications.

accident conditions. Deviations from operational states which are expected to be
infrequent and which could lead to the release of unacceptable quantities of
radioactive materials if the relevant Engineered safety features did not function
as per design intent.

anticipated operational occurrences. All operational processes deviating from
normal operation which are expected t j occur once or several times during the
operating life of the plant and which, in view of appropriate design provisions,
do not cause any significant damage to items important to safety nor lead to
accident conditions and challenges some safety functions.

initiator (initiating event). An identified event (initiator) that leads to anticipated
operational occurrences or accident conditions and challenges some safety
functions.

operability of a safety system/equipment. A system or component shall be consid-
ered operable when it is capable of performing its required function in the
required manner.

operational limits and conditions. A set of rules which set forth parameter limits,
the functional capability and the performance levels of equipment and person-
nel approved by the regulatory body for safe operation of the nuclear power
plant. (In some countries, these are called 'technical specifications'.)

safety functions. Specific purposes that must be accomplished for safety. The list
of safety functions is given in IAEA Safety Guide S0-SG-D1.

safety systems. Systenb important to safety, provided to ensure the safe shutdown
of the reactor or the residual heat removal from the core, or to limit the conse-
quences of anticipated operational occurrences and accident conditions.

safety layers. Passive systems, automatically or manually initiated safety systems,
or administrative controls that are provided to ensure that the required safety
functions are achieved.
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