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INTRODUCTION

The regulations governing the transport of radioactive materials are prepared by the International Atomic
Energy Agency (IAEA), with the most recent edition being published in 1996 as ST-1 [1], dthough a
dightly revised edition (designated TS-R-1) that corrected a number of minor errors was published in
English only in late 2000. These regulations have been developed over 40 years [2] and contain design
standards and performance requirements. However, they are only intended to be applied to the transport
of radioactive materid in the public domain. There is no internationally accepted set of design standards
applicable to packages intended purely for on-Ste movements.

The IAEA Transport Regulations gpply to dl aspects of transport, including the loading and unloading of
radioactive materia into and out of the packaging within which the materid is being carried. In respect of
UK nuclear licensed sites, there is therefore an overlap between the regulation of loading on the dtes, as
activities on such dtes are regulated by the Nuclear Indalations Inspectorate (NIl), and radioactive
materias transport is regulated by the Department of Trangport, Local Government and the Regions
(DTLR). Thisisdedt with by a Memorandum of Understanding between the NIl and DTLR.

As wdl as on-dte and off-dte transport of radioactive materid being the responghility of different
regulators, there is aso a fundamenta difference between the regulation of radioactive materia transport
and that of nuclear licensed Stes. The former takes place by specifying detailed requiremerts that must be
met: these include requiring that al vaves through which radioactive contents could otherwise escape are
protected against unauthorised operation. In contrast, the NIl have far less detailed requirements, and
ingtead specify principles, such as Basic Safety Limits (BSL) and Basic Safety Objectives (BSO) for public
and worker risk, against which an operator would be required to demonstrate compliance.

It is therefore not possble to teke the IAEA Transport Regulations, apply them directly to on-site
movements on a nuclear licensed Site, and assume that such movements would comply with the NII's
requirements.

Instead in the UK, suitable safety cases need to be prepared and submitted to the NII covering the use of
packages for on-dte movements. The NIl require safety judtification involving a combination of quantitetive
risk assessment and full engineering substantiation against appropriate design standards. These are derived
primarily from the NIl Safety Assessment Principles (SAPs), athough the IAEA Trangport Regulations,



with their specific application to radioactive materids trangport packages and years of experience and
development, are suitable for providing the basis for the design standards for the engineering substantiation.

The remainder of this paper condgders the application of the requirements in the IAEA Transport
Regulations to a package that would require to be a Type B package if it were used in the public domain
and thus required to meet the relevant regulationsin the |AEA Trangport Regulations.

PRINCIPLESOF THE IAEA TRANSPORT REGULATIONS

The fundamentd principle of the IAEA Transport Regulations is that protection during transport of
radioactive materid is achieved by requiring:

containment of the radioactive contents

control of externd radition levels,

prevention of criticdity;

prevention of damage caused by hest.
These requirements are satisfied by:

applying a graded approach to contents limits for packages and trangport conveyances, such as
road vehicles,

applying performance standards to package designs that take account of this graded approach;

imposing requirements on the design and operation of packages, and on the maintenance of
packagings;

requiring adminigtrative controls, which includes gpprova by the campetent authorities, where
appropriate.

The package standards that are required to be met are dependent upon either the total activity or the
specific activity of the radioactive materid to be trangported. Materid with very low levels of radioactivity
is exempt from the regulaions, with the specific activity exempt limits, which are radionudide specific,
being typicaly around 10 to 100 Bg/g, with a maximum vaue of 10" Boy/g for Ar-39. Activity limits for
exemption apply to consignments, and are typicaly about 10° Bg. The A, activity valueis used in defining
the package type that is required for particular radioactive materid.

BASI C PACKAGE PERFORMANCE REQUIREMENTS

Package performance requirements are defined in terms of routine, norma and accident conditions of
trangport. For routine conditions of transport, the externa radiation isimportant, and the package category
(i.e. White, Yellow-1, etc.) provides a classfication for this. Under accident conditions, it is the package

type (Excepted, Indudrid, Type A or Type B) that is important. Excepted, Industrid and Type A
packages are not required to withstand accidents, whereas Type B packages are expected to withstand dll



but very severe accidents. The basic Type B package performance requir ements are summarised in the
following teble.

Package Type Norma Conditions Accident Conditions
Containment Radiation Containment Radiation
Type B Alossof nomore | Anincreeseof no | Alossof nomore  No gregter than
than 10° A, per | morethan20%at | than one A, (10 10mSv/ha 1m
hour the surface A, of Kr-85)in from the package
oneweek surface

For packages containing fissle materid, additiond requirements are specified to ensure that subcriticdity is
maintained under norma and accident conditions of transport for both individua packages and arrays of
packages.

The A, activity vaue is given for mogt radionuclides in the IAEA Transport Regulations [1], and these
vaues are derived by determining the radiation exposure, ether externa or interna, to persons in the
vicinity of a Type A package involved in a severe transport accident. Five dosmetric pathways (externa
photon dose, externd beta dose, inhdation dose, skin and ingestion dose due to contamination trarsfer,
and submersion dose due to gaseous isotopes) are congdered, with the most limiting activity from these
pathways being that used in the determination of the A, activity vaue.

Thefollowing radiologica criteriaare used in determining the A, attivity vaues:

the effective or committed effective dose to a person exposed in the vicinity of atransport package
following an accident should not exceed areference dose of 50 mSv;

the dose or committed equivaent dose received by individua organs, including the skin, of a
person involved in the accident should not exceed 0.5 Sy, or in the specid case of the lens of the
eye0.15Sv.

It should be noted that these are not consistent with the BSOs and BSLs, and so using the A, vaues
directly in on-ste movements should only be done with care and proper understanding of the BSOs and
BSLs and the basis for the A, vadues

Furthermore, the acceptable doses on packages used for off-dte trangport can be higher than would
generdly be acceptable for onste movements with typical occupancy factors. For example, a Tl of 10
corresponds to a dose rate of 0.1 mSv/h a 1 m from the package surface, and a target annua dose of 5
mSv would only permit an operator to be close to the package for 50 hours in any year, which B
potentidly redtrictive.

TYPE B PACKAGE PERFORMANCE REQUIREMENTS

Norma Conditions of Transport




The permitted release from a Type B package of 10° A, per hour after it has been subjected to the teststo
represent normal conditions of trangport is based on this quantity of materid being released into a room
with a volume of 3000 n¥ and four air changes per hour. For an individua spending 2000 hoursin a year
in this room, which is pessmigtic, the exposure to the individua would be less than 20 mSv, which is the
dose limit for workers, averaged over five years, givenin ICRP 60[3]. For the morelikely scenario of the
package being out of doors, the dose to aworker would be much less than 20 mSv.

The tests to represent rormal conditions of transport comprise water spray test, free drop test, stacking
test and penetration test.

For packages and arrays of packages containing fissle materid, subcriticdity is to be maintained under a
range of specified conditions, induding after the norma conditions of transport tests.

Limits are d 0 given for the increase in the radiation levd at the externd surface of the package after it has
been subjected to the norma conditions of transport tests.

In addition, there are requirements relating to the securing of the package to its transport conveyance, eg.
rall wagon or road trailer. These requirements are not clearly laid out, but useful interpretation is given in
the advisory materia [4]. These generd requirements are interpreted in the UK in AECP (TCSC) 1006
[5] in terms of the loadings to be taken account of in the design of the package atachment points,
conveyance anchor points and the tie-down members between these two points, together with the basis for
the design stresses for these components.

Accident Conditions of Transport

The permitted release in one week following tests to represent accident conditions of transport is not more
than ten A, for krypton-85 and rot more than A, for dl other radionuclides. This accident is assumed to
take place out of doors, as a severe accident in doors would be expected to necessitate immediate
evacuation of people in the vicinity of the accident. The maximum effective dose viainhdation to persons
exposed in the range 50 to 200 m downwind from the damaged package under average westher
conditions would be 1 to 10 mSv, increasing by a factor of five under generdly less probable and
persstent stable meteorologica conditions.

Limits are dso given for the radiation level a 1 m from the externa surface of the package after the
accident conditions of transport tests.

The tests to represent accident conditions of transport comprise mechanica tests followed by a therma
test, ard separatdly an immersion test. These tests are intended to impose on the package damage thet is
equivaent to that which would occur if the package were involved in a severe accident. These teds are
not intended to represent a “maximum credible accidert”, but risk and accident andyses have
demonstrated that they represent very severe trangport accidents.

Under accident conditions of transport, the package may separate from the conveyance, but the key
requirement is thet the tie- down system does not damage the package integrity under these conditions.



For packages and arrays of packages containing fissle materia, subcriticadity is to be maintained under a
range of specified conditions, including after tests to represent accident conditions of transport.

ON-SITE TYPE B PACKAGE PERFORMANCE REQUIREMENTS

From the above, it can be seen tha the key requirements are in the areas of containment, shielding,
criticdity, restraint and on site Accident Conditions.

Detailed requirements under these headings are presented in Table 1.

The IAEA Transport Regulations [1] aso contain awide range of generd requirements, including minimum
package dimensions, ambient temperature and pressure ranges, enclosures to retain leakage from valves on
the package, and ease of decontamination. A number of these are aso gpplicable to on-site packages, but
detailed consderation of these is beyond the scope of this paper.

CONCLUSIONS

Whilst the IAEA Trangport Regulations do not apply to the on-ste movement of radioactive materids, they
can form the basis for design requirements for use in the engineering substantiation of packages used in the
on-ste movement of radioactive materid. This engineering substantiation complements the quantitative risk
asessment, with the combination of the two forming an overdl sfety case. A suggested set of design
requirementsis set out in Table 1.
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TABLE 1. APPLICATION OF DESIGN REQUIREMENTS FOR TYPE B PACKAGESTO ON-STE TYPE B PACKAGES
Requirementsin ST-1 for Off-site Type B Suggested Requirements for Onsite Type B Comments
Packages [1] Packages
Containment

Loss of the radioactive contents of no more than 1
" 10° Ayhr under normal conditions.

Loss of the radioactive contents of no more than 1
" 10° Az/hr under normal conditions, subject to
the dose uptake to workers on the site being As
Low As Reasonable Practicable (ALARP).

It is possible that the number of package
movements along a particular route on a site
would result in a dose uptake to workers on the
site that was excessive and not ALARP. Hence,
the requirement for dose uptake to be ALARP
has been included.

Loss of the radioactive contents of o more than
one A, (10 A, of Kr-85) in one week following
tests to represent off-site accident conditions.

Loss of the radioactive contents following tests to
represent on-site accident conditions consistent
with meeting the BSO.

Modelling of alimited nunber of example severe
accidents on the specific site could be used to
establish avalue for the permitted number of Az s
that could be released in an accident during an on-
site movement.

Shielding

The package surface dose rate is limited to 2
mSv/hr, dthough dose rates up to 10 mSv/hr are
acceptable if the package is transported under
exclusve use.

The dose rate at 1 m from the package surface is
limited to 0.1 mSv/hr, although this doserateis
permitted at 2 m from the package surface if the
package is transported under exclusive use.

The magnitude of individud doses, the number of
persons exposed and the likelihood of incurring
exposure are to be kept ALARA.

A Radiation Protection Programme covering
transport is to be established.

Maximum dose rates at the package surface
and/or at 1 m from the surface to be specified for
the site.

Dose uptake must be ALARP.

The requirementsin the lonising Radiations
Regulations[6] on radiation protection would be
the contralling requirements.




Requirementsin ST-1 for Off-site Type B
Packages [1]

Suggested Requirements for Onsite Type B
Packages

Comments

Following tests to represent normal conditions, the
increase in the dose rate at the package surface is
not to exceed 20%.

Following tests to represent accident conditions,
the doserate at 1 m from the package surfaceis
not to exceed 10mSv/hr.

Restraint

Following accident conditions of transport, the
increase in package external dose rate should not
be excessive.

No specific package dose rates following accident
conditions of transport need be defined, as this
aspect should be addressed in the context of
meeting the NIl BSOs and BSLs.

AECP 1006 [5] provides aset of loadings for each
mode of transport (i.e. sea, road, rail and air) for
the design of the restraint system.

Any failure of the restraints should not impair the
ahility of the package to meet the other criteria

The restraint system should be designed against
loadings of 1g longitudinaly and verticdly, and
0.59 lateraly.

Any failure of the restraints should not impair the
ability of the package to mest the other criteria

On-site movements typicaly take place at
significantly dower speeds than on the public
transport network, and so reduced loadings on the
restraint system will resuilt.

Criticality

Individual packages and arrays of packages must
remain subcritical under normal and accident
conditions of transport.

Individua packages and arrays of packages must
remain subcritical under normal and accident
conditions of transport.

On Site Accident Conditions

9mDrop Test Drop Test, with the drop height to take account of | The philosophy behind the drop test from 1.2 m for
the site geography, the vehicle speeds on the site | on-Site packages is considered to be equivalent to
and lifting heights. that behind the 9 m drop test for off-site packages,
taking account of the low speeds and less traffic.
However, this may not cover potential accidents
during lifting, and a requirement should be included
to specifically address this.
1m Punch Test Punch Test, with the drop height to take account | Comments on the Drop Test apply here.

of the site geography, the vehicle speeds on the
site and lifting heights.

Dynamic Crush Test of 500 kg test plate being
dropped from 9 m on to package.

Dynamic Crush Test, with the drop height to take
account of the site geography, the vehicle speeds
on the site and lifting heights

It may be possible to eiminate thistest if the risk
assessment were to identify that there are no
accident scenarios that would involve a crush type
accident.




Requirementsin ST-1 for Off-site Type B
Packages [1]

Suggested Requirements for Onsite Type B
Packages

Comments

Thermal Test: 800°C fully engulfing fire for 30
minutes.

Thermal Test: 800°C fully engulfing fire, with the
duration to take account of potentia fires on the
site.

The quantity of fuel available for burning
(combined fuel load of the conveyance and athird
party vehicle) and engulfing of the package,
together with the response capability available
from the site emergency response capability,
should be used in determining the duration of the
fire.

Water Immersion Test for non-fissile packages:
15 m depth for 8 hours.

Water Immersion Test for non-fissile packages.
depth to take account of depth of watercourses on
the site: duration to take account of anticipated
recovery time.

It is anticipated that the water depth and duration
can be reduced compared with the test in ST-1
[1]. If there are no watercourses on the site, then
this requirement can be removed.

Water Immersion Test for fissile packages:
accident damaged package 0.9 m depth for 8
hours.

Water Immersion Test for fissile packages:
accident damaged package 0.9 m depth for 8
hours.

There is no reason to change this requirement. If
there are no watercourses on the site, then this
reguirement can be removed.

Undamaged fuel transport package to undergo 200
m immersion test.

No immersion test for fuel transport packages.

Immersion test not considered to be necessary, as
it isintended to encompass loss at sea.
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