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ABSTRACT

The International Nudear Event Scde! (INES) has been used successfully for more than a decade to
provide, to the media and the public, prompt communication of the safety Sgnificance of accidents
and incidents a nuclear dtes. The scde has recently been revised and now includes events involvin%
the trangport of radioactive materids, but the guidance on that gpplication is brief. The <Sudy
reported on here sought to complement that guidance and give proposas on how to apply appropriate
ratings to prectica transport events. The sudy aso congidered ratings for trangport events involving
redleases of radioactive materids into aguatic environments, which is not currently covered by the
INES. Reporting transport events enables the safety of these operations to be monitored and the
sudy made recommendations on the type of reporting gppropriate within the European Union.

1. INTRODUCTION

Radioactive materids are trangported internationdly by al modes of trangport. Many <udies have
shown that these operations are carried out with a high levd of safety. Accidents, and other incidents
with severe safety implications, are rare. Neverthdess, it is important to learn from any such events
90 that action can be taken to prevent their recurrence or to ensure that their frequencies, and effects,
are reduced further. This requires a sysem for the collection and andyss of the detalls of such
events. It is dso necessary for harmonised and well-defined information on the radioactive cargo to
be provided by the condgnor so that the carier can take gopropriae action following an accident or
incident. The transport of radioactive materids has dways atracted the interest of the public and the
media, out of concern for the safety aspects of those operations. Therefore, Competent Authorities
and the European Commisson inditutions need to be wel informed on any potentidly serious event
of this nature, and on the generd date of safety in this transport field.

It is therefore proposed that a standardised notification and evauation sysem throughout the
European Union will facilitate the collection and dissamination of information on transport events.
As pat of this it is proposed that a sysem be established to gpply a rating that can quickly convey to
the public and media the level of severity of such an event. The Internationd Atomic Energy Agency
and Nucler Energy Agency of the OECD have dready developed an Internationd Nucleer Event
Scde (INES), which has recently been extended to cover transport events'. Part of the project
reported on in this pgper was to examine this scde and give guidance to ad its gpplication to the
trangport of radioactive materids, and this part of the study built on two previous studies.

The European Commisson (DG TREN) provided funding for this work. The contractors in this
project were NRPB (project co-ordingtor), UK, GRS, Germany, IPSN, France and C Ringot, France
(sub-contractor).



2. OBJECTIVES
The man objectives of this sudy were to develop the proposas outlined in the introduction so thet

recommendations could be made on the following topics

- Definition of objectives for a Community database and its management;

- ldentification of the criteria and frequency for the notification of incidenty accidents in the
countries of the EU;

- Devdopment and gpplication of an INES scde for incidents accidents aisng during the
transport of radioactive materids;

- Ddfinition of forms for the notification of incdents accidents in accordance with the incident/
accident type classification in the INES or other criteriathat may be proposed.

3.NOTIFICATION OF EVENTS

There are nationd transport event databases in some EU Member States and the IAEA hes
edablished an internationd sysem (EVTRAM). The man objectives of these databases are to
provide informaion on the type and severity of abmnormd transport rdaed events, the lessons learnt
and on trends in the occurrence of events over a number of years. Annud reports are produced in
some countries but the IAEA has not had sufficient data to provide regular reports as too few
Member States provide datato EVTRAM.

The objectives of natification to the EC would be condstent with those for reporting to the existing
databases but additiondly there is the need to communicate certan detals promptly and efficiently
within set time periods depending on the nature and severity of the event.

Nationd legidation normdly gives basc criteria for reporting of events to the Competent Authority.
Following any such incident, the carrier must notify the police and condgnor (unless the driver haes
done so dready), and other relevant government departments (for example, the competent authority).
The carrier must then arrange for the examinaion of the load to determine whether serious package
damage and/or radioactive contamination has occurred, and if so to arange for the disposd of any
contaminated materids, and the decontaminaion of the vehide Any package tha has been involved
in such an incident must not be trargported unless the condgnor or his agent has examined it and has
issued a certificate confirming thet it complies with the Regulations.

3.1 Proposed natification to EC
Two leves of event notification were proposed:

Caegory A, requires vay limited informaion on a short time-scae depending on the dgnificance of
the transport-rdated event: details of location, date and time, brief description of the event, contacts
and preiminary severity raing.

Caegory B natification is a liging of events togeher with andyses induding tha by mode of
trangport, type of packege and materid. It is required on an annud bass. The minimum information
shouldindude:

Brief description of the event; Loceation, date, time of evert;

Type of package; Nature of radioactive materia; Mode of trangport;

Emergency response implemented; Radiological consequences, and other conseguences.



4. THE USE OF INESIN TRANSPORT

The devdopment of the Internationd Nucler Event Scde (INES) to more broadly encompass
transport has been supported by the IAEA Transport Safety Standards Committee (TRANSSC). At
its medting in May 2000, it was agreed tha the revised INES User's Manud should incorporate
trangoort events. The 2001 Edition of the INES User's Manud was published before the completion
of thisfinal contract report.

Accidents and incidents a nudear plants or involving nudear fud materids have, for many years,
been reported and rated on the INES system. The rating is the highest from three areas of assessment:

(@ activity rdessed, (b) exposures of workers or members of the public and (C) degradation of
defence in depth. The INES manual® defines seven levels of severity, which are summarised below.

The main criteria for rating an event on the INES are shown in Table 1. The descriptions of Levels 3
to 7 correspond to those for off-gte impacts manly with reference to fixed dtes, but now incude
transport events. Levels 1 to 3 include events that have the potentia to lead to accident conditions.

Table1 Outlineof INES criteria
Level Release to atmospher e/ exposurecriteria
7. Mgor Accident Severd tens of thousands of terabequerels of iodine-131 or more.

(Mgor Release)

6. Serious Accident Thousands to tens of thousands of terabequerels of iodine-131
(Significant Release)

5. Accident with Off- Hundreds to thousands of terabequerds of iodine-131

SteRisk (Limited

Releae)

4. Accident without Doseto the critica group of the order of afew millisevertsor an
Sgnificant Off-Site event, such asalogt source or trangport event, which resultsin a

Risk (Minor Release)

dose to amember of the public of grester than 5 Gy (i.e. onewith a
high probability of early death).

3.Serious Incident
(Very Smdl Release)

Dose to the criticd group of the order of tenths of amillisevert or
an event, such asalogst source or atrangport event, which resultsin
adose to amember of the public leading to acute hedth effects
(such aswhole body exposure of the order of 1 Gy and body
surface exposure of the order of 10 Gy). Thislevd may dso incdude
eventsin which afurther failure of safety systems could lead to
accident conditions.

2. Incident

Incidents with significant falure of safety provisions, but with
aufficient defence in depth remaining to cope with additiond
failures.

Thismay include an event resulting in adose to aworker exceeding
adautory annud dose limit and/or an event which leads to the
presence of sgnificant quantities of radioactivity in the ingtdlation
in aress not expected by design and which require corrective action.

1. Anomay

Anomay beyond the authorised regime, but with Sgnificant
defence in depth remaining. Thismay be due to equipment failure,
human error, or procedural inadequacies.

0. Deviation

No safety sgnificance




41  Summary of themain INEScriteria: releases and doses

The ddfinitions and criteria of the INES seveity levds given dove in teems of event rdaed
radionudide rdeases and radiaion exposures incurred are summarised in Table 2 and Table 3. The
third column of Table 2 has been added to express the rdeased activity levels as multiples of A. The
A, vdue is the radionudide specific Type A package contents limit for nonrspecid form meateria
liged in the Trangport Regulaions. A reease of 1 A vaue represents goproximady the same leve
of risk whaever the radionuclide and it is therefore convenient to express rdeases in terms of A»
vaues. The Az vaue of iodine-131is 0.7 TBg which, for this purpose, may be rounded to 1 TBq.

Table 2 Releases of radioactive material to atmosphere

Leve External atimospheric release quantities
INES (TBq of I-131) Trangport equivaent, A> (TBQ)

7 > severd 10° -

6 10° to 10 >10°A;

5 17 to 10° ome 107 A,

4 - -

3 - -

2 - -

1 - -

0 - -

Table 3 Exposures of workers and members of the public

Level Individua exposure:
Workers (and members of the public Members of the public exposed due
exposed from transport events) to releases from nuclear sites

Sto7 - -

4 >5Gy few milliseverts

3 >1Gy, <5Gy few tenths of amillisevert

2 >0059y, <1Gy -

1 - -

0 - -

4.2  Degradation of Defencein Depth
If there is no accident with radiologica consequences, but the safety systems are chdlenged or
diminished, it is rated according to the degradation of the systems for defence in depth.

The gpproach to defence in depth is to consder the number of safety sysems remaining - the "safety
layer" gpproach. The maximum rating for degradation of defence in depth is aways lower than the
maximum raing that would be given if the accident actudly happened. For example, in a Studion
where the maximum potential consequence could be levd 5 or higher, level 3 is the maximum reting
under defence in depth.



Based on the aove and the generd principles for rating events using the safety layers gpproach, the
following table summarises the criteria given in the 2001 Edition of the INES User's Manud for
trangport events.

Table4 INESratings- degradation of defencein depth

Reduction of safety layers Adtivity in package

<A, As- > 100 A,

100A,

Events not involving a transportation accident
Only one safety provison remaining(*) 0 1 2
No sfety provison remaining 1 2 3
Loss of package 1 2 3
Events involving a transportation accident
No degradation of ssfety provisons 0 0 0
Magor degraddion of safety provisons (only one 1 2 3

or no sfety provison remaining)(*)
* Unless the provison meets the requirements of a high integrity layer.

4.3 Proposed development of the INES system for transport events

The INES User's Manud gives a broad outline of the method of rating trangport events. However,
some types of events are not covered in detall, as the main emphasis is on events a fixed dtes. For
example, dose criteria ae not extended to the lower levels. Also, potentid doses are not festured in
rating degradation of defence in depth.

A sudy by Ringof proposed a severity rating for transport events based on a previous 1992 edition
of INES, and a further study extended those proposds’. Those combined proposds considered the
posshility of package contents releases in areas of high population dendty, such as urban aress. The
INES seveity rating sysem only condders rdeases to amosphere, with some incuson of surface
contamination on Ste. In the case of trangport, there may be releases to agudtic environments that are
not covered in the INES, and these stuaions were covered by the more recent study’. The
developments proposed in that study are in accordance with the basc INES system, and will #ow its
goplication to a broader range of trangport events.

4.4 Release criteria

Table 2 shows the badc rating sysem defined by INES for rdeases of radioactivity following an
accident in a fixed nudear inddlation. Table 5 shows the activity criteria for levels 5 and 6 in terms
of A, vadues These activity rdease criteria are extended to lower levels by an order of magnitude for
eech level. These expanded criteria are for use in trangport events when one or a smal number of
individud members of the public or workers are afected. This will generdly be the sStuation for
most trangport accidents of this type.



Table5 Proposed criteriafor radioactive material releasesto atmosphere

Leve Externad amospheric release quantitiesin low population density aress
INES (TBq of -131) Trangport equivdent, A2 (TBQ)
7 > severa 10° -
6 10° to 10° >10° A,
5 10° 10 10° Some 10° A,
4 - Some 10 A,
3 - Some 1Az
2 - Some0.1A:
1 - Some 0.01 A;
0 - -

4.5 Releasesin urban areas

In transport accidents where large numbers of members of the public are exposed to a rdease to
amosphere, such as in an urban area of high population dendty, the Stuation would be more serious
than that conddered aove In such a dtuation, prompt radiologicd emergency response would be
difficult if not impractical. These proposed relesse criteria are an order of magnitude less than those
given in INES for off-dte redeases (Table 5). Tha is for the same rdlease in an urban aea the
sveity levd is rased by one as radiologica consequences are likdy to be much grester in that
gtuation.

4.6 Proposed exposurecriteria

The INES levds 2, 3 and 4 are defined in terms of exposures of workers and/ or members of the
public, as set out in Table 3. For transport eents, the 2001 Edition of the INES User's Manua® gives
dose criteria for members of the public thet are the same as for workers. This Stuaion gpplies where
an individud or smdl number of members of the public are affected, and this represents most of the
trangport events of this type In some very low probability trangport events, a large number of
members of the public might be exposed to dose levds compadble with those from off-dte
radionuclide releases from nuclear Stes In these Stuations, it is proposed thet the criteria for off Ste
releases may aso be usad as a basis for raing the transport event. These dose criteria are given in the
third column of Table 3. However, it should be dressed tha these circumstances would be very
exceptiond, and for mogt trangport accidents of this type, the criteria in the second column of Table 3

arelikdy to goply.

4.7 Proposed criteriafor degradation of Defence in Depth

Mogt of the accidents and incidents involving the trangport of radioactive materids do not result in
redleeses of radioactive materid or exposures of individuds These events ae therefore rated
according to the extent of the degradation of defence in depth, as shown in Table 4. The study®
extends the conditions given in Table 4 by:

- extending the table to lower activities,
- incdluding safety culture and procedurd inadequacies,
- giving practicd examples.

4.8 Transport eventsinvolving radionuclide releases into aquatic environments
Trangport events associated with radionuclide releases into marine or freshwater bodies have the
potentid to result in widespread radioactive contamination of aguatic environments and exposure of



the population. The sudy included a review of rdevant radiological assessments The doses expected
from releases of various magnitudes, in a number of water body types, were compared with the INES
criteria This produced the proposed criteria shown in Table 6.

Table 6 Proposed rating system for transport eventsinvolving radionuclide r eleases
into aguatic environments

INES Activity released in different aquetic environments
Event Prolonged degp sea Releasein coastd Prolonged navigable
reting relesse (2500 M) watersor fishing waterway (3000 m? s%)
grounds or large lake rlease
3 - me 100,000 A, me 100000 A,
2 - 0me 10,000 A, some 10,000 A,
1 some 100,000 A, - -
0 - - -
5. DISCUSSION

Throughout the EU, there ae likdy to be severd hundreds of incidents and accidents occurring
annudly involving the trangport of radicective materids but vey few of these may have serious
radiological consequences. From time to time, sarious or otherwise important events of this type will
need to be notified to the EC 0 tha information is avalable a the European Union levd. Among
many nationd authorities it is the current practice to notify the IAEA INES Informeation Service of
events at nuclear Stes that are a either Leve 2 or above. It would appear agppropriate for this
criterion for rgpid notification to dso apply to transport events.

The feaghbility of the application of a system of reporting and raing trangport events has been
demondraied by the experience in France, of a year-long trid peiod. Also, many Competent
Authorities dready have sysems to record these events and the additiond rapid natification to the
EC, with longer-term andyses, would be consstent with those activities

Snce its inception, the INES sysem has provided a good method of informing the media and the
public of the safety dgnificance of nuclear events. Until recently, events involving the trangport of
radioactive maerids have been only partly covered by the INES. The 2001 Edition of the INES
User's Manua' has incressed the application of the INES in this important fidd. The multi-nationd
study? advances this gmplication by giving examples of how practicd events can be rated on the
INES sysem. In paticular, the rating of events by degradation of defence in depth has been
expanded in this sudy. This was conddered a ussful advancement, since mogt transport events fal
into this category. Transport events differ from nuclear ste events in that they can occur in many
environments and in paticular could lead to consequences in aress of high population dendty, such
as urban aeas. This sudy proposes a method of taking these circumdatances into account. Trangport
events that involve rdeases of radioactive maerid into agueous environments are likdy to lead to
lower consequences than for smilar releases to atmosphere. A novel system of rating events that teke
place in agueous environmentsis proposed in this sudy.

The proposds in this multi-nationd study may bendfit from a wider discusson among Competent
Authorities and other inditutions that may have an interet in this topic. The paticipants in the study
therefore recommended that there should be a workshop on this topic held a& a European leve. The
resllts of the discussons a that workshop would be an input to further materid that may be



developed to fadlitate the use of the sysem. In paticular, the participants in this Sudy suggest the
devdopment of decison trees and tutorid materid for this purpose. In response to this
recommendation, an EU Workshop wes hdd in London in June 2001 and further guidance

developed.

6. CONCLUSIONS

This mult-nationd dudy has conddered the requirements for notification and evduation of
accidents and incidents involving the transport of radioactive materids. It is recommended that the
information supplied to EC is collated, andysed, and form materid for periodic feedback to the
Competent  Authorities of EU Member States and intenationad  organisations. This will improve the
condgtency of reporting and endble lessons to be learned by a wide internationa audience s0 that
safety in respect to transport can be enhanced.

The latest INES Users Manuaf indudes events involving the transport of radioactive materids to a
grester extent than previous editions. This sudy further enhances that coverage by giving examples
on the application of the rating sysem to practicd events Also, a method of gpplication of raing
events that occur in urban and in agueous environments is recommended.

It was recommended that a workshop should be held to inform, discuss and improve the sysem of
notification and of raing events induded in this sudy. Following this recommendation an initid
Workshop was held in London in June sponsored by DGTREN.
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