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TRANSPORT OF RADIOACTIVE MATERIAL
Introduction

The revison of the IAEA Regulations for the safe trangport of radioactive materia has been completed.

The changes with respect to the current regulations has been presented the 16th of October 1996 at a
mesting jointly organised by the Belgan Radiation Protection Association, the Belgian Nuclear Society
and the Dutch Radiation Protection Society at the Nuclear Research Center in Mol. Some "hot
topics' were also discussed.

This meeting was incorporated in atraining course on the trangport of radioactive materid, which was
organised by the IAEA and the European Commission, in collaboration with SCK!CEN and the
Radiologica Protection Office of the Bdgian Ministry of Socid Afffairs, Public hedth and Environment.
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WHAT ISNEW IN THE 1996 EDITION OF THE IAEA TRANSPORT REGULATION

J.H. Mairs
UK Department of Transport
Radioactive Trangport Divison
Zone 4/18, Great Mingter House
76, Marsham Street, London SW1P 4DR

INTRODUCTION

Since the Regulations were firg published in 1961, they have been comprehensively revised a
intervas of about ten years. It has been argued that this provides a reasonable baance between the
need for regulatory stability and the need to keep abreast of scientific and technica developments.
Trangport needs change as new materids emerge from new programmes of work such as
decommissioning. In addition, the publication of new standards, such as thosein radiation protection,
can lead to aneed for consequentia changesin the Regulations.

In December 1996 the Internationd atomic Energy Agency published the 1996 Edition of the
Regulations for the Safe Transport of Radioactive Material (formerly Safety SeriesNo. 6) ina
document caled ST-1. That document supersedes al editions of the Regulations issued under Safety
SeriesNo. 6 (SS6).

For convenience, the requirements to be met for the transport of specified types of consgnments are
included in an abbreviated form as Schedules in the publication, ST-1. Those Schedules reproduce
many of the provisons of the Regulations, but do not contain any additiond requirements. They
samply provide a summary of the main provisons goplicable to that type of consgnment and they
replace the information previoudy published under Safety Series No. 80.

In support of the 1996 Edition the IAEA has prepared a companion document called ST-2,
Advisory Material for the Regulations for the Safe Transport of Radioactive Material. That
companion document contains both the advisory and explanatory text that supersedes dl editions of
the Safety Series Nos. 7 and 37. An important part of the revison process was to review the
content of the explanatory and advisory materid to ensure that it was kept up-to-date with changes
in the Regulations and current knowledge. In addition to the text supporting individua paragraphs of
the Regulations there are severa gppendices which have been extensvely updated:

)] the Q system for the cal culation and application of A1 and Ao vaues,

i)  radionuclide data;

i) quaity assurancein the safe trangport of radioactive materids,

iv)  acceeration vaues and caculation methods for package tie-down forces;



V)  guiddinesfor safe design of shipping packages agang brittle fracture, and
vi)  criticaity safety assessments

The decison was dso taken to delete the gppendix that dedlt with radiation protection programmes
for exclusve use vessdls because such programmes are now needed as a generd requirement for the
transport of radioactive materid. Other appendices were ether |eft largely unchanged or were
amalgamated into the main body of the text of ST-2 or were incorporated into other appendices.

MAIN CHANGESTO THE REGULATIONS
Basic Safety Standards changes

One of the mgjor topics considered in the revision process leading to ST-1 was the incorporation of
the International Basic Safety Standards for Protection Against 1onizing Radiation and for the
Safety of Radiation Sources, Safety Series No. 115, published in 1996. This document is often
referred to as the BSS. These Standards were revised to reflect the consensus on the
recommendations of the Internationd Commisson on Radiaion Protection published in 1990. The
transport Regulations cal upon the Basic Safety Standards in the Generd Provisions for Radiation
Protection and compliance with the Regulations is deemed to satisfy the principles of the BSS. These
changes are covered in detall by the paper presented by Mr. L. Bagkelandt t this meeting.

Basisfor new definition of radioactive material

A cornerstone of the Regulations in the past was the definition of radioactive materid as being any
materid having a specific activity greater than 70 Bg/g. Unfortunately, this concentration had no
radiologica protection basis. The BSS established some radiological criteria for exemption and
consstency of the transport regulations with the BSS was seen to be important. Following
assessment of the suitability for gpplication to trangport, the BSS exemption vaues were adopted
into the Regulations. The issue of exemption is the subject of another paper by Mr. L. Baekdandt
presented at this meeting.

Plutonium (Pu) in air shipments

The introduction of a new package type - the Type C Package and a new materia type - low
dispersble materid (LDM), were two fundamenta changes to the Regulations thet traditiondly have
been written to be independent of the mode of transport used. The need for Type C packages was
driven largdly by the legidation passed in the United States of America prohibiting the US Nuclear
Regulatory Commission from licenaing the ar shipment of plutonium until a safe container had been
designed. The criteria for the safe design of a container for the ar trangport of plutonium were
published in a document called NUREG-0360. NUREG-0360 seeks almost absolute protection
irrespective of the probability of an accident. In response the internationa community wanted to
develop a consensus standard for packages carrying large quantities of radioactive materid by air.
There was recognition that air accidents are more severe than for surface modes (road, rail and sea)
especidly for impacts. It was aso appreciated that the air mode was a very safe mode of transport
in terms of the number of accidents for a given distance travelled, but a risk only approach would
lead to relaxed not more stringent requirements for air trangport. Therefore it was decided to seek a



package standard that would achieve a level of protection that was comparable to that for surface
trangport. These developments are addressed in a separate paper by the author and presented at
this mesting.

Uranium hexafluoride (UFg) - other hazards, pressure, temperature

The decison to draft regulations for a specific materid represents a significant change in philosophy
in the Regulations which have been framed to apply generdly to dl radioactive materids. The
impetus for the change was driven more by a desire to ensure physica and chemica toxicity safety in
the event of an accident involving afire, rather than concerns about radiologicd or criticdity safety.
This change reflects the importance of UFg within the fud cycle, the very large quantities being

shipped and the peculiar physica and chemical properties of the materid. The new provisons for
packages containing UFg are redricted to package performance standards and adminidtrative

requirements. Otherwise the Regulations draw on the International Organization for Standardization
document 1SO 7195:1993(E) for more detailed technica specifications. Mr. G. Sert presents this
subject in his paper ddivered at this meseting.

OTHER KEY AMENDMENTS
Creating two package indices

The purpose of the Trangport Index (TI) has been to limit the hazards associated with the
accumulation of radioactive materid packages. These hazards are two, namely radiation dose rates
and inadvertent criticdity. Since the beginning of the IAEA Regulations the Tl has been used for
both purposes and this arrangement has worked reasonably well. However, it did give rise to
Stuations which were overly conservative and dso resulted in severd other difficulties and
ambiguities. Part of the problem lay in the fact that for some applications there was a need to know
how the Tl was derived (radiation or criticadlity) in order to properly apply it.

In ST-1 these problems were solved by treating the two hazards separately and giving each its own
index. The consequence is tha the Tl has been much smplified, in that it now only applies for
radiation protection purposes. It continues to be based on the radiation level a 1 meter from the
package surface. The fairly complex Table X1 of SS6 is replaced with the smpler Table IX of ST-1.

As its name implies the Criticaity Safety Index (CSl) limits the accumulation of packages soldy
based on criticality congderations. Its method of cdculation is the same as that previoudy used when
the Tl was being determined for criticaity safety purposes. The corresponding limitations of Table
Xl in S$6 ae found in Table X of ST-1 which provides the CSl limits for freight containers and
conveyances.

The introduction of the separate CSl necessitated a new labe for dl packages containing fissle
materid unless containing only fissle excepted quantities. This label mugt be affixed adjacent to the
radioactive category labels, and must not cover any required markings. Similarly the CSl dso must
be included on the trangport documents for fissle consgnments other than those which are fissle
excepted.



Separation of the two indices will dlow shipments to be controlled on the basis of the specific vaue
of concern. Previoudy, for example, a Tl based on criticdity would result in a vaue which was 0
high that the segregation tables of mode-related regulations caused problems of stowage on board
arcraft or vessglsin reation to trim and available space. It could dso cause problems when ensuring
adequate separation distance for additional personnel required on conveyances for the purpose of
fulfilling physicd protection requirements. Now, fissle packages with low radiation levels will not
have to be segregated from persons soldy on the basis of a high TI. In addition, smplification of
severd tableswill hopefully introduce clarity which should enhance compliance with the Regulations.

New UN Numbers

It has long been recognised that many of the existing UN numbers for Class 7 materid were not as
useful as they could be. For example, the most common number, UN 2982 does not provide any
more information about the material being transported other than the fact thet it is radioactive. Since
the primary purpose of displaying UN numbers on packages and on conveyances is to provide a
key into emergency response procedures in a language-independent way, it was decided to revamp
the numbering system so that it might lead to more useful response procedures.

In asmilar way, it is clear that the Schedules which were formerly in Safety Series No. 80 , are
more useful if they have a direct rdationship with UN numbers. In this case, any one UN number
would lead to only one schedule where the user will find most of the references and regulations
needed to make that particular conagnment. This is indeed the case in the new numbering system
developed for ST-1, where a UN number is assigned to each of the Schedules.

The Schedules are now gppended to the Regulations insgtead of being in a separate document and
therefore SS80 is superseded by ST-1. The existing UN numbers for uranium hexafluoride were
retained because of its importance as a commercid substance and its sgnificant subsidiary risk.
However, a separate set of numbers was assigned for packages containing fissle materid. Some
UN numbers became redundant, but as none of the deleted numbers are re-used, the transition
process will not be a problem.

UN number changes aso required changes to their associated proper shipping names. All names
which did not begin with "RADIOACTIVE MATERIAL..." had those words added to ensure that
any adphabeticd ligt of Class 7 Names/Descriptions will have dl of the Class 7 entries in one block.
In addition, the letters "N.O.S." were removed from al proper shipping names because they dso
became redundant. The UN Recommendations for the Trangport of Dangerous Goods (the Orange
Book) has dready been republished incorporating the new UN numbers.

It is to be hoped that the new UN numbers will facilitate more specific emergency response
procedures, better harmonise the transport of Class 7 materials with those of other dangerous goods
and help with compliance checks and controls through a numerica link with the Schedules.



Criticality safety

The provisons for fissle materid were carefully reviewed during the revison process. As a resullt,
the paragraphs deding with the requirements for packages containing fissle materid have been
extendvely re-aranged in an atempt to improve daity. There are dso some technicad changes
which are described below.

Definitions of termswith a bearing on fissile material

For the purposes of ST-1, 238pyisno longer consdered fissle. Although it can be made to support
afast neutron chain reaction thisis not a credible circumstance in transport.

A definition for a confinement system has been introduced to ST-1. Thiswas introduced to ded with
the short comings of using the term containment system which is only partidly reevant to criticdity
safety. A confinement system is the assembly of fissle materid and packaging components such as
pacers and neutron poisons that are intended to preserve criticality safety.

Also, the definition of LSA-I is dtered in ST-1 and now dlows fissle materid to be present in
excepted quantities. The definition in SS6 appeared to exclude fissle materid, even in excepted
quantities and this anomaly was rectified.

Fissile exceptions

A meass limit per conggnment has been introduced into ST-1 for three exception categories which
hitherto had implicitly relied upon packaging to maintain subcriticaity. These categories are:

i) packages not containing more than 15 g of fissle materid

i)  packages not containing more than 5 g of fissle maerid in any 10 litre volume of
meaterid; and

i) fisdle materid in a homogenous hydrogenous solution or mixture where the retio of
fissle nuclides to hydrogen is less than 5% by mass.

Rdiance on packaging for fissle exceptions is erroneous especidly in accident conditions where
neither the geometry nor the degree of moderation can be guaranteed. The mass limit per
conggnment was introduced to dissuade a condgnor from circumventing the Regulations by
trangporting a very large number of packages each containing just less than the excepted quantity
limit. Under ST-1 only one type of fissle exception per consgnment is alowed, which is more
cautious than the SS6 fisdle exceptions which gpplied to packages meeting one of the Six exception
categories.

The single package
A dight rdaxation of the Regulations has been permitted when consdering the single package in

isolation following an accident. If, following the accident tests, the confinement system remains within
the packaging, reflection by 20 cm thick water of the damaged package is alowed. Previoudy it was



required to consder the more reactive condition between reflection of the package and reflection of
the containment system.

It is not possible to demondtrate subcriticality for al designs of package used to carry enriched UFg

if water is alowed to lesk into them. A large number of such packages exist those designs are
excepted from the requirement for multiple high sandard water barriers if it can be demongtrated
that the valve has not been impacted by any component of the packaging during the mechanica tests
and where in addition the vave remains lesktight following the thermd test.

The decision to introduce a more robust package for the air transport of radioactive materid led to a
consequentia decision to provide equivaent protection againgt accidentd criticdity in air trangport
for dl fissle materid. ST-1 places a new requirement on packages containing fissle materid if
designed to be transported by air.

Individua packages whether Type IP-2F, Type IP-3F, Type AF, Type B(M)F, Type B(U)F or
Type CF will have to be desgned to be subcriticd under conditions consstent with the tests for
Type C packages when reflected by at least 20 cm of water (although water in-leakage need not be
assumed) if they are to be used for in air trangport. This precludes extremely large criticdity events
that can occur when initiated by a rapid change in geometry. Worst case assumptions regarding
geometric changes and rearrangement of components will need to be made, unless other
assumptions can be supported after a specimen has been subjected to the enhanced test
requirements.

In addition, package desgns which rdied on multiple high sandard water bariers in the
demondration of subcriticdity of a angle package in isolation will no longer qudify for trangport by
ar unless those barriers can be shown to withstand the test requirements for Type C packages. This
precludes a criticdity event being caused by water inleskage done. In particular it deds with the
concern that the falure of such barriers in an ar crash in just a single package might lead to a
criticdity accident.

No additiond requirements have been placed on arrays of packagesin air transport on the basis that
high speed aircraft crashes will lead to the packages being dispersed. The existing requirement for
arays of packages to be assessed for accident conditions of trangport in the damaged condition
associated with surface modes should cover the Stuation of lower speed impacts which may lead to
conditions of compression.

Burnup credit

There has been a trend towards a higher initid enrichment, from around 3% in the early 1980's to
above 4% in current PWR operation. The cautious assumption that the fue is fresh is becoming
increasingly redtrictive. Taking credit for irradiation or burnup is one the methods of increasing the
payloads of flasks that were designed for fud of lower initid enrichment. ST-1 requires that the
isotopic compositions used in the criticality assessment are ether those providing the maximum
neutron multiplication congstent with the irradiation history or a demongtrably conservative estimate
of the actud neutron multiplication. To reinforce this, emphass is on consarvatism in the operationa
phase of loading a package, where the criticality assessment is not based on the maximum neutron



multiplication, a pre-shipment measurement is now required in order to confirm that the assumed
composition for assessment purposes is conservative compared to the actud isotopic composition
and digtribution.

Package design and performance testing

The requirement for packages containing fissle materia to be subjected to a 0.3 m on each corner
has been removed in order to introduce a measure of consstency in package testing. The tests to
withstand norma conditions of transport were considered to be sufficient and for larger packages,
the additiona eight corner drops (for cuboid packages), linked to the other free drops for normal
and accident conditions were often regarded as a nuisance.

ST-1 has introduced an additiond fissle related criterion such that a crush test is required for dl

packages having a mass not greater than 500 kg and a dendty not greater than 1000 kg/nﬁ. This
test requirement is gpplied to dl those packages containing fissile materia that are consdered most
vulnerable to crushing. Previoudy, the test was gpplied to only to fissle packages if they contained
more than 1000 A2 not in specid form. This quantity threshold was aradiologica criterion that was

unrelated to criticaity safety. For non-fissle or fissile excepted packages, the threshold vaue of
1000 Ao not as specid form continues to act as the radiologica trigger for the crush test to be

required.
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REQUIREMENTSFOR UFg IN THE 1996 EDITION OF SAFETY SERIESN°® 6

G. Sert
Ingtitut de Protection et de Sreté nucléaire
Département de Sécurité des Matiéres radioactives
Service de Sécurité des Transports radioactifs
B.P. 6 - F-92265 Fontenay-aux-Roses, France

1. THEUF6 MATERIAL

The Uranium Hexafluoride (UF6) has been sdected as the chemicd form the most easy to be enriched in
U235 since the fluorine component congtitutes only one isotope.

It is dso a solid crigtd a ambient temperature that can be eadly transformed to gas a a moderate
temperature (triple point at 64°C).

Therefore UF6 was chosen for enrichment by gazeous diffusion, firgt, and then by ultra centrifugation.

It exigts in three isotopic composition

- the naturd compostion, containing 0,72% of U235 ; thisis the feed materid before enrichment

- the enriched compositions, containing between 1% and amost 100 % of U235

- the depleted compostions, containing typicaly 0,15 to 0,35% of U235, aso cdled tal materid, by
product of the enrichment process.

Severd kinds of hazards may be encountered with UF6 :

The natura radioactivity of uranium mainly U238, U235, U234 and daughter products such as Pa 234, Th
230, Ra 226, Rn 222 etc...

- the fisdle properties of uranium may creste a criticdity risk for gpecific conditions of enrichment and
concentration of uranium and hydrogen or other moderating e ements,

- the chemicd properties of uranium and fluorine causes UF6 to be a highly toxic materid ; HF and
UO2F2, the by products of the reaction of UF6 with water vapour are aso of the same range of
chemicd toxicity ; HF isacorrosive and toxic gas

- the physcd properties of UF6 with alow temperature triple point, and alarge fuson and liquid therma
expandon, cregting a rupture hazard when the contanment is submitted to high temperature
environments, either by heat expansion or by pressure increase (seefigures 1 and 2)
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Non fissile or fissle excepted uranium hexafluoride has been given the UN NR, 2978 (Table VIII of new
IAEA SS.6[1]).

2. PAST REGULATIONS

Until and including the 1985 edition of the IAEA regulations on the safe trangport of radioactive materids,
the requirements were

- for enriched, fissle UF6, the materid shal remain subcritical even in accident conditions. Therefore
enriched UF6 has been transported in cylinders (ANSI Standard N14.1 - 1982, Type 30B) that remain
safe under impact and fire conditions, thanks to their impact and fire protection by an overpack.

- for naturd or depleted UF6, the material was consdered as a LSA |l materid and transported in
Industrial Packages type 2 (ANS Standard N.14.1 1982, type 48 Y....), that need not necessarily
remain safe in accident conditions, condgtently with their radiotoxicity but regardless of their chemica
toxicity. For this chemicd hazard, the road and rail transport regulations required that the containers
used for UF6, be tested at a pressure of 10 bar. This pressure test was more severe than the 4 bar
pressure test required for other chemica substances such as hydrogen chloride. It guaranteed safe plant
operations such as liquid phase filling, heating up to 120°C for filling etc... but this increased mechanica
resstance did not bring any guarantee as concerns the behaviour in afire,

However, after the anking of the Montlouis Ship with a cargo freight of 30 cylinders of 48 Y type filled
with natura UF6, despite the severe sea conditions that caused multiple shocks on the cylinders, none of
them failed. In practice they were designed to withstand a pressure test at 28 bar. Therefore they were
much gronger than other tanks used for chemica materials of smilar toxicity and their increased resistance
helped their survivd. But the question of the survivability to afire was raised again, which lead the French
delegation to propose in 1986 to SAGSTRAM that a guidance should be developed under the leadership
of IAEA, on provisons to be taken with respect to chemical hazards specific to the transport of UF6.

3 THE REQUIREMENT OF THE 1996 EDITION OF SAFETY SERIESG6

Different kinds of requirements have been specified ; they are associated to operationa safety, over
pressure safety, fire safety. They are gpplicable to al packagings containing more than 0.1 kg of UF6, since
sudies have shown there was no significant chemica hazard for the release of quantity of UF6 below this
vaue.

The Consultants Service Meeting 1-3 october 1990 adopted an exemption level of 0.1 kg for packages
designed to contain UF6. The 0.1 kg iswell below the toxic limit of 10 to 40 kg (based on the work of C.
RINGOT and J. HAMARD[6] and of A. BIAGGIO and J. LOPEZ-VIETRI[7]) and will permit the
shipment of sample tubes containing UF6. These sample tubes are constructed of plagtic or other non
pressure containing materia, and thus, cannot explode. The sample tubes contain less than 0,065 kg UF6.

3.1. Solid Staterequirements (SS6 par agr aph 419)

The mechanica stresses occurring during trangport due to shocks, vibrations, tie-down forces etc... should
not be combined in routine trangport with any mechanica stress caused by any interna vapor pressure of
UF6: "The uranium hexafluoride shall be in a solid form and the internal pressure of the package
shall be below atmospheric pressure when presented to transport.



This requirement means that after filling with hot UF6, the package shdl be dlowed for sufficient cooling
time for complete solidification before shipment. Typica minimum cooling times in ambient ar are 3 or 4

days.

3.2. Filling requirement (SS 6 par agraph 419)

This operationd requirement mainly concern the safety of the UF6 cylinder when used in the enrichment
facilities ; it prevents the rupture of cylinder due to the overpressure that could be caused either by
overheating or ovefilling.

"The mass of uranium hexafluoride in a package shall not exceed a value that would lead to an
ullage smaller than 5% at the maximum temperature of the package as specified for the plant
systems wher e the package shall be used".

3.3. Packaging design, manufacturing, inspections and transport requirements (SS 6 paragraph
629

"Except as allowed in paragraph 632, uranium hexafluoride shall be packaged and transported in
accordance with the provisions of the International Organization for Standardization document 1SO
7195 : "Packaging of uranium hexafluoride (UF6) for transport...."

The reference of the today (1996 ) applicable standard is1SO 7195 : 1993 (E)[5].

This standard mainly specifies for different cylinder cgpacities the conceptud dimension, the materid
grades, the manufacturing process, ingpections including in service routine or periodic ones, performance
tess induding lesk tightness test, hydraulic test, deaning, marking, certification, assembling of vave
protectors, etc...

Paragraph 632 alows not to meet the requirements of I1SO 7195, subject to multilaterd approval
(paragraph 805.a).
Therefore if the requirements of 1SO 7195 are not met, the packages cannot be unilaterally approved.

3.4. Pressureresistance (par agr aphs 630.a and 718)

630.a: The packagings 'shall be designed to withstand without leakage and without unacceptable
stress as specified in 1SO 7195, the structural test as specified in paragraph 718.

718: "Specimens that comprise or ssimulate packagings (...) shall be tested hydraulically at an
internal pressure of at least 1.4 MPa but when the pressure isless than 2.8 MPa, the design
shall require multilateral approval”.

As a consegquence some thin waled cylinders might not be unilateraly approved (48H-48HX-48G-
480M).

3.5. Freedrop test (paragraph 630.b and 722)

The requirement of no loss or dispersion of UF6 caused by the free drop test is not a new one since it was
aready applicable under IAEA-SS6-1985 to the package classified as 1P2.



3.6. Firetest (paragraphs 630.c and 728)

630.c : "Each package (...) shall be designed so that it would (...) withstand without rupture of the
containment system the test specified in paragraph 728."

The paragraph 728 refers to the thermal test representative of hypothetical accident conditions (800°C
during 30 minutes).

This requirement is quite new since it has never been included ether in standards as ANSl or ISO, or in
IAEA SS 6 edition 1985.

Note that, the initid condition of the specimen for this test is not clearly specified in the edition 1996 of
IAEA SS6.

However it is sure that the specimen need not to be previoudy submitted to the mechanicd tests (9m and
1m) representative for the accident conditions of trangport.

3.7. Rdaxation of previousrequirements (par agr aph 632)

The paragraph 632 alows the relaxation of the requirements from

- paragraph 629 : conformity with 1SO 7195

- paragraph 630.a: design to withstand the structura test (hydrogtatic pressure)

- paragraph 630.c : design to withstand the thermd test, only for the packages designed to contain more
than 9000 kg of UF®6.

For any of these relaxations, the approva of the competent authority is required and paragraph 805
precises that the goprovd then is multilaterd.

If a nationd competent authority approves packages not meeting the new requirements, as alowed by
paragraph 632, these packages will be used without any redtriction inside this country, but to be used in
internationa transport, they should be approved by the competent authorities of al the countries where the
trangport is due to take place. This approva may then be impossible if it can not be demondrated that their
safety is equivaent to the one of the packages that meet al the new requirements.

3.8. Approval (paragraphs 802 and 805 and 828)

The design of packages containing 0.1 kg or more of UF6 isrequired to be approved

- from the 1.1.2001 for packages not meeting the requirements 629 or 630.a or ¢ and on a multilatera
bass

- fromthe 1.1.2004 for packages mesting the requirements 629 and 630.aand ¢ on a unilatera basis.

The identification mark assigned to the approva certificate shdl include the following types codes :
- H(U) for aunilatera approva
- H(M) for amultilaterd gpprova

3.9. Marking (par agraph 538)

When the design of a package containing UF6 is gpproved under paragraph 805, each package (...) shall
be legibly and durably marked on the outside of the packaging with :

(@ Theidentification mark allocated to that design by the competent authority,



(b) A serial number to uniquely identify each packaging which conforms to that design

3.10. Trandgtional arrangements (paragraph 815)

815. (...), Industrial packages (...), Type IP-2 (...) that did not require approval of design by the
competent authority and which meet the requirements of the 1985 or 1985 (As Amended 1990)
Editions of these Regulations may continue to be used subject to the mandatory programme of
guality assurance in accordance with the requirements of para.310 and the activity limits and
material restrictions of Section IV. Any packaging modified, unless to improve safety, or
manufactured after 31 December 2003, shall meet this Edition of the Regulations in full. Packages
prepared for transport not later than 31 December, 2003 under the 1985 or 1985 (As Amended
1990) Editions of these Regulations may continue in transport. Packages prepared for transport
after this date shall meet this Edition of the Regulationsin full.

In this paragraph, it is required to comply with the requirement of filling limitation of paragraph 419 as soon
as|AEA SS6 (1996) is applicable.

There is no other restriction for packages prepared for transport not later that 31.12.2003 under the 1985
or 1990 Edition of SS6, except the necessity of a multilateral approval for packages not meeting the
requirements of para. 629 or 630.a or 630.c.

After 31.12.2003, modifications and manufacturing of packagings, and preparation of packages for
trangport, shal meet the 1996 edition of the regulationsin full.

In addition the design of packages mesting the requirements of para. 629 and 630.a and 630.c shdl be
uniteraly approved.

It may be noted that if unilatera gpprova of packages may be issued from 31.12.2003 it will facilitate
international transport.
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TYPE C PACKAGESAND LOW DISPERSIBLE MATERIALS

J.H. Mairs
UK Department of Transport
Radioactive Transport Divison
Zone 4/18, Great Minster House
76, Marsham Street, London SW1P 4DR

INTRODUCTION

The introduction of a new package type - the Type C Package and a new materid type - low
dispersble materid (LDM), were two fundamenta changes to the 1996 Edition of the IAEA
Transport Regulations that traditiondly have been written to be independent of the mode of transport
used.

TYPE C PACKAGES

The Regulations introduce a new, “Type C”, package specification which, when adopted by the
Internationa Civil Aviation Authority (ICAQO), will goply to the transport of large quantities of
radioactive materid by ar. The introduction of the Type C package places a content limit on Type
B(U) and Type B(M) packages travelling by ar. The content limits may be expressed as.

i) 3000 A1 or 100,000 Ao whichever is the lower for materid as specid form

radioactive materid; and
i) 3000 A» for dl other forms of radioactive materidl.

The choice of 3000 A for non specid form was linked mainly to an older verson of the
Regulations which defined a large source as being 3000 Aq or Ap. This quantity is retained in the

Regulations as the threshold quantity for which shipment gpprovd of Type B(M) packages is
required. Also a study undertaken in France suggested that at typica impact speeds for aircraft

crashes the release fraction might be as high as 3 x 10-2 for a Type B package. This release fraction
in combination with the assumption thet a release of 100 Ay represents a significant hazard gave a

further basis for the 3000 Ay content limit. For specid form radioactive materid the same content

limit is used, but there is recognition that the properties of the specia form materid may be impaired
in an aircraft accident so a cap of 100,000 Ao was placed on the content limit.

Another new feature of ST-1 is a pecification for “low dispersible radioactive materid” which, if
met, would alow those materiasto be carried in large quantity by air in a Type B(U) or Type B(M)



package. Type B(U) and Type B(M) packages will continue to be available for transport, by modes
other than ar, for quantities of materid that are limited by their desgn and specified in ther
certificates of design gpprovd.

Ted criteria

Type C packages are required to undergo the following cumulative test sequences, after which they
must be shown to retain their radioactive contents and shielding properties within defined limits. Like
Type B(U) and Type B(M) packages, they must restrict loss of radioactive contents to no more than
Ao in aweek and redrrict the radiation level a 1 m from the package surface to not more than

10 mSv/h:
Sequence 1 (to be carried out in the order given on the same specimen)

i)  Thespecimen is dropped from 9 metres onto an effectively unyieding target so asto
suffer maximum damage (the impact speed is 13.3 metre/second).

i)  The specimen is subjected to dynamic crush by placing it on the same unyieding
target, in the worst orientation, and dropping a 500 kg plate onto it from a height of
9 metres.

i)  The specimen is subjected to a puncture/tearing test by dropping it from 3metres
onto a conica probe.

iv)  The specimen is subjected to an engulfing 800C thermd test for a period of one
hour.

This test sequence recognises that it is possible for along duration (1 hour) fire to occur following a
low speed impact with subsequent crushing and puncture/tearing. Asfor Type B package testing, the
fire gpecification demands that the average flame temperature must be 800 C for the duration of the
fire. This means that peak temperatures (which are often reported in accounts of fires) may be much
higher. Also the sze of the pool of flammable liquid is oecified to ensure that the specimen is fully
engulfed, but not so large as to cause oxygen starvation around the specimen. Findly the height at
which the specimen is suspended above the surface of the flammable liquid must be maintained to
ensure the maximum heet input into the package. Thus the fire specification is very severe and it is
difficult to envisage a higher heat input to the package being achieved in ared accident.

Sequence 2 (this may be carried out on a separate specimen from sequencel)

)] The gpecimen is subjected to an impact at a speed of 90 metre/second onto an
essentidly unyidding target so as to suffer maximum damage.

A separate specimen may be used for this test because exposure to long duration fires in the
aftermath of a high speed impact is highly unlikely. The fud on board the aircraft will be dispersed in
the crash and will not form poolsto supply long lagting fires.



The enhanced impact speed

The impact speed of 90 metres per second was derived from data collected for analysis by the
Lawrence Livermore Nationa Laboratory in the USA. Data on jet aircraft crashes were collected
for the period 1952-1989. In total over 700 accidents were recorded but of these 220 were
deemed to beirrelevant because the incident happened during refurbishment or maintenance or were
acts of sabotage. Of the relevant accidents, only 104 were sufficiently well documented to enable a
caculation of the equivalent impact speed in terms of a velocity & which a specimen would hit an
unyielding target. The equivaent impact velocity takes account of both the angle of impact (€) and
the hardness of the target (Hs):

Some representative values of Hg for different impact surfaces are as follow:

1.0 theoretica unyidding target
0.89 runways and concrete surfaces
0.78 soft rock

0.67 famland

0.54 water or swamp

The figure below shows aplot of the probability vs. equivaent impact speed. The curveisvery flatin
the range above 100 metres per second implying that there is very little added protection to be
gained by increasing the impact velocity of this test. It is acknowledged that Type B(U) and Type
B(M) packages are designed to withstand nearly al conceivable accidents associated with surface
mode trangportetion, but not dl accidents. Similarly, it was agreed that an equivaent level of
protection would be achieved for Type C packages by specifying an impact speed of 90 metres per
second.
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Additiondly, Type C packages must be shown to meet the same containment and shidding criteria
as those above when subjected to burid and must be shown not to rupture when immersed in 200
metre deep water. The requirement to demondrate the ability to withstand burid is done by
assessment assuming the package to be undamaged, buried in dry soil a 38 C in a deady Sate
condition. The buria test was introduced because packages involved in high speed crashes may be
covered by debris or buried in soil. If packages whose contents generate heat become buried, an
increase in package temperature and internal pressure may result.

The tests for Type C packages are consderably more onerous than those gpplying to Type B(U)
and Type B(M) packages and, for a given radioactive content, the packages may be expected to be
congderably more robust and heavier.

LDM CONSIDERATIONS

ST-1 dso introduces a new gspecification for “low dispersble radioactive materid”. This
specification recognises that certain radioactive materids, which by their nature are solids of limited
disperghility, limited solubility and emit alow externd radiation field (not exceeding 10 mSv/h at 3
metres from the unshidded materid), may be safdly carried by ar in a Type B(U) or Type B(M)
package.

The specification for low dispersible radioactive materid requires that separate gpecimens of the
material should be subjected to the 90 metre/second impact test and the 800C therma test for a
period of one hour, followed in each case by aleaching test. The pass criteria are that no more than
100 A2 of materia shall be released in either case. It has been shown that for a reference distance of

100 metres, for a large fraction of atmospheric dispersion conditions, a release of 100 Ay would
lead to an effective dose to an individua below 50 mSv.

Low dispersible radioactive materid will be subject to multilateral gpprova and certification by the
competent regulatory authority of each country involved in any ar trangport operation, as aso will be
the package, Type B(U) or Type B(M), in which it isto be carried.

CONCLUSIONS

The new provisons for Type C packages and LDM will come into effect for internationa air
shipment when the Internationd Civil Aviaion Organization implements them in their Technicd
Ingtructions. The earliest implementation date is 1 January 2001 and, as no trangtiona arrangements
are foreseen, the new provisons will have immediate effect. This means that package design
gpprovas for Type B(U) and Type B(M) packages will have to be amended to reflect the content
limit for transport by air. If the contents can be demongrated to meet the requirements for LDM
both the design of the LDM and the design of the Type B(U) or Type B(M) package will be subject
to multilaterd approvd.

An example of where the impact of the new provisons will be fdt is in the ar shipment of large
cobalt sources. These sources are used for medica therapy, in gerilisation plants and some food
irradiation facilities. Sometimes they are needed in remote areas and air transport is the most



convenient and secure means of supply. The sources are far larger than the 3000 A1 content limit for

a Type B(U) or Type B(M) package travelling by air, and the high externd dose rate precludes the
sources from qualifying as LDM. Thus large cobdt sources are candidate materias for Type C
packages which have not yet been designed nor shown to be commercidly vigble.
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REVISION OF THE IAEA REGULATIONS
FOR THE SAFE TRANSPORT OF RADIOACTIVE MATERIAL

RADIOLOGICAL PROTECTION ASPECTS

L. Baekelandt
Niras
Madouplein 1, bus 25, B-1210 Brussel

Introduction

The IAEA Basic Safety Standards'™ have been revised to reflect the 1990 recommendations of the ICRPIZ,
These recommendations introduce lower dose limits for occupationaly exposed workers and for members
of the generd public. In addition, they recognize that individuas can be exposed to radiation from more than
one source and prescribe that dose constraints be applied to each practice involving radioactive materid. A
new principle isintroduced by requiring that account be taken in the planning sage of the effect of mishgps and
accidents (potentia exposures).

It is obvious that the IAEA Trangport Regulations™ should continue to bein conformity with the Basic Safety
Standards.

One of the mgor topics being consdered in the revision process was the incorporation of these new Basic
Safety Standards.

Severd meetings have been convened by the IAEA to evduate the impact of the |CRP reconmendations and
the revised Basic Safety Standards on the transport regulations and to propose amendments to incorporate
these fundamenta standards into the ongoing revison of the trangport regulations.

This paper deds with this evduation and the resulting changes of the transport regulations. the radiaion
protection programme for the transport of radioactive materia; the dose assessment programmes, segregetion
distances, surface contamination limits; the revised Q System and derivation of A, and A, vaues and the
classfication of Low Specific Activity (LSA) materid ans Surface Contaminated Objects (SCO). Theissues
of excluson and exemption will be dedlt with in a separate paper.

Radiation Protection Programme
The transport regulations call upon the new BSS as agenerd provision for radiologica protection.

One of the mgor changesis the emphads on the requirement that a Radiation Protection Programme shall be
established for the trangport of radioactive materia. The nature and extent of the measures to be employed
in the programme shdl be related to the magnitude and likelihood of radiation exposures. Programme
documents shdl be available, on request, for ingpection by the relevant competent authority.

The purpose of such a Radiation Protection Programme (RPP) isto:



i) provide for adequate consderation of radiation protection measuresin transport;
ii) ensurethat the system of radiologicd protection is adequatdly applied;

iii) enhance asafety culture in the transport of radioactive materid; and

Iv) provide practica measures to meet these objectives.

The RPP should include, to the extent appropriate, the following eements:
a) scope of the programme;
b) rolesand responghilities for the implementation of the programme;
C) dose assessment, asrequired by para. 305;
d) doselimits, congraints and optimization, asindicated in para. 302;
€) segregation digtances, asindicated in paras 306 and 307, and further explained in the revised Advisory
and Explanatory Materid,;
f) emergency response, asindicated in paras 308 and 309;
g training, asrequired in para303; and
h) quality assurance, as required in para 310.

The scope of the Radiation Protection Programme (RPP) should include al the aspects of transport as defined
in para. 106 of the Regulations, i. e. design of packages, preparation for trangport, loading, sowing, unloading.
It is however recognized that in some cases certain aspects of the RPP for trangport may be covered in RPPs
a the condigning, recelving or Sorage-in-trangt Stes.

Since the magnitude and extent of measures to be employed in the RPPs will depend on the magnitude and
likelihood of exposures involved, a graded gpproach should be followed.

Both the package type and the package category need to be considered. For routine transport the external
radiation is important and the package category provides a classfication for this, under accident conditions
however, it is the package type (excepted, indugtrid, Type A, Type B or Type C) that isimportant.
Excepted, indudtrid, and Type A packages are not required to withstand accidents. Those aspects of the RPP
related to accident conditions of transport will need to consider the possibility of leakage from these package
types asthe result of reaively minor trangport or handling accidents. In contragt, Type B and Type C packages
can be expected to withstand al but very severe accidents.

The externd radiation leves from excepted packages and Category 1-White packages are sufficiently low that
they are safe to handle without restriction and a dose assessment is therefore unnecessary. Congderation of
dose limits, congraints and optimisation can be limited to keegping handling times as low as reasonably
achievable, and segregation can be met by avoiding prolonged direct contact of packages with persons and
other goods during transport. A dose assessment will, however, be needed for Category |1-Ydlow and 111-
Y dlow packages and segregation, dose limits, condraints, and optimisation will need to be consdered in its
light.

The radiation protection programme will best be established through the coopertive effort of consignors,
carriers and consignees engaged in the transport of radioactive materia. Consignors and consignees should
normally have an appropriate radiation protection programme as part of fixed facility operations.

Therole and respongihilities of the different parties and individuas involved in the implementation of the RPP
should clearly be identified and described. Overlgpping of responshbilities should be avoided.

Depending on the magnitude and likelihood of radiation exposures, the overdl responshility for the
establishment and the implementation of the RPP may be attributed to a hedth physcs or safety officer
recognized by the competent authorities (caled "qudified expert” in the European Basic Safety Standards for
Radiation Protection)! .



Dose assessment programmes

Dose assessment programmes for occupationa exposures arising from transport operations are prescribed on
the basis of likely annual doses.

For occupationa exposures which are unlikely to exceed 1 mSv/y, no specid actions such as specid work
patterns, detailed monitoring, nor individua record keeping are required. Workplace monitoring is required
for exposures expected to bein the range of 1 to 6 mSvly. Individuad monitoring isrequired for exposureslikdy
to exceed 6 mSvly.

A smilar categorisation is prescribed in the 1986 edition of the Regulations, but based on the "old" dose limit
of 50 mSv/year compared to the "new" dose limit of 20 mSv/yesr.

To asss operators in estimating the exposure of their workforce, advice has been provided that correlates
exposure with the number of packages handled and the radiation at 1 m from the packages. It is believed to
be unlikdy that carriers handling less than atotal sum of trangport indices of 300 per year will exceed the 1
mSv threshold. Workers engaged by consignors and consignees can be expected to be covered by radiation
protection programmes implemented at the fixed dte. Carriage, on the other hand, is atrangent operation for
which the dlassification of work areas can be difficult to apply.

Segr egation distances

The basisfor the calculation of segregation distances has not been changed :
- for workersin regularly occupied working areas: 5 mSv/yesar;
- for members of the public, in areas where the public has regular access: 1 mSv/year to the
individuds of the critical group;
- for undeveloped photographic film : 0.1mSv per consgnmern.

Transport Index

In the current regulations the transport index is a number that is assgned to a package, an overpack, atank,
afreight container or unpackaged L SA-l materia ans SCO-I and which is used to provide control over both
nuclear criticdity safety and radiation safety.

In the 1996 edition two separate package indexes have been introduced. The trangport index (T1) for radiation
protection is unchanged and continues to be based on the radiaion level a 1 m of the package [T1=1
corresponds to aradiation level of 10 mSv/h (1 mrem) at 1 m distance].

A new criticdity safety index is based on the dlowable number of packages that can be trangported together.
Separaion of the two indexes will dlow shipments to be controlled on the basis of the specific vaues of
concern. The changes are believed to introduce clarity which should enhance compliance with the regulations.

Table X1 with the Tl limits for freight containers and conveyances has been split into two tables, anew Table
IX deding with the trangport index (for radiation control) and anew Table X deding with the criticdity safety
index. It is believed that this change will make the regulations more user-friendly.

Surface Contamination

In the current regulations, a digtinction is made between the limits for non-fixed surface contamination for



excepted packages and those for other packages.

In the revised edition, the reduction by afactor of ten for excepted packages has been diminated. This decison
was based on an assessment of doses from surface contamination, using exposure scenarios and pathway's
relevant to transport, and redigtic data. The assessment led to the conclusion that the current non-fixed surface
contamination limits for excepted packages are unnecessarily redtrictive and that there is no judtification on
radiologicd protection grounds, to keep different surface contamination limits for excepted packages. The
relaxed requirement, coupled with the constant need to keegp contamination levels as low as reasonably
achievable, is believed to ensure an adequate level of safety.

Hence, the rather complex Table 111 has disgppeared and has been replaced by a more smple paragraph 508:

"The non-fixed contamination on the externd surfaces of any package shdl be kept as low as practicable and,
under routine conditions of transport, shal not exceed the following limits:

@ 4 Bo/en for beta and gamma emitters and low toxicity apha emitters, and

(b) 0.4 Bg/ent for dl other dpha emitters.
These limits are applicable when averaged over any area of 300 cn of any part of the surface.

Derivation of Aj/A; values and the Q-system

The Q-system is a dose-based set of models which is used to derive the A; and A, vauesin the regulations.
These vaues are activity quantities, calculated for each radionuclide, that set the limits on contents for type A
packages (A, for specid form and A, for other forms) and are used for specifying other activity and activity
concentration limits (e.g. for LSA-II and LSA-I1I).

The fundamentd assumptionsin the Q-system congrain the detriment to an individua in the event of serious
damage to asingle type A package by redtricting the dose to the order of 50 mSv.

The impact of the new BSSislimited in extent following the decison to place the Q-system in the domain of
potential exposures. Potential exposures are not expected to be ddivered with certainty, and can result from
an accident or events of a probabiligtic nature. Since potentid exposures are not subject to the dose limits
applying to practices (20 mSv/year, in generd, for occupationaly exposed workers), the reference dose of 50
mSv can continue to be used in the context of the Q-system.

However, the derivation of the A; and A, vaues has been scientificaly reexamined, using the latest radiologicd
data (such as the complete spectra emissions from radionudlides, new radiation weighting factors and tissue
weighting factors) and the latest metabolic models.

Under the Q-system a series of exposure routes are consdered, each of which might lead to radiation
exposure, ether externd or internd, to persons in the vicinity of a type A package involved in a severe
trangport accident.

These dosmetric routes (schematically illustrated in figure 1) lead to five contents limit vaues:
- Qa for externa photon dose;

Qg for externa beta dose;

Qc for inndation dose;

Qp for skin and ingestion dose due to contamination transfer;

Qe for submerson dose.

Contents limits for specid form dpha emitters and tritium are consdered separately. Consderation isaso given
to the physica form of the contents where physical characteristics may be more redtrictive than radiologica
congderations.



As in the 1985 edition of the Regulations, type A package contents limits are determined for individua
radionuclides. The A; vaue for specid form materid isthe lesser of the two vaues Qa and Qg. The A, vdue
for non-specid form materid isthe least of A; and the remaining Q values.

The derivation of individua Q vaues is based on the following (unchanged) radiologicd criteria

(@ the effective or committed effective dose® to a person exposed in the vicinity of a transport
package following an accident does not exceed a reference dose of 50 mSy;

(b) the dose or committed equivdent dose to an individud organ (including the skin), of a person
involved in the accident does not exceed 500 mSy, or in the specid case of the lens of the eye 150
mSy,

(c apersonisunlikely to remain at 1 m from the damaged package for more than 30 minutes.

Qa isdetermined by consideration of the external dose due to gammaoor X rays, assuming complete loss of
shidding in the accident. The conssquent dose rate a a distance of 1 m from the unshieded radioactive materid
islimited to 100 mSv/h.

In the earlier Q system, the Qa vaue was cdculated using the mean photon energy per disintegration taken
from ICRP Publication 38, The conversion to effective dose per unit exposure free-in-air was approximated
as 6.7 mSv per roentgen for photon energies between 50 keV and 5 MeV.

Inthe revisad Q system, the complete X and gamma emission spectrum for the radionudides, as givenin ICRP
38, was used. Furthermore, the energy dependent reationship between effective dose and exposure free-in-air
was taken from ICRP 511 for an isotropic radiation geometry.

Qs isdetermined by consideration of the beta dose to the skin. The shidding of the package is again assumed
to be completdly logt, but the concept of aresdud shidding factor for beta emitters (associated with package
debris for instance) from the 1985 edition has been retained.

In the revised Q system, the complete beta spectrum (instead of the weighted beta energy) for the radionudli-
des, as given in ICRP 38, was used, together with recent data from Cross” on the skin dose rate per unit
activity of amonoenergetic dectron emitter.

The pogitron annihilation radiation has been included in the derivation of Qa.

Qc isdetermined by consideration of the inhaation dose due to the activity released from a damaged type A
package.

Asin the earlier Q system, an intake fraction of 10 was assumed, being a combination of arange of respirable
aerosol release fraction of 10 to 10° of the package contents and a range of uptake factors of 10“ to 10
of the rleased materid. Insteed of the Annua Limits on Intake, the effective dose coefficient for inhdation (Sv
per Bg)!¥ is used. As in the earlier Q system, the most restrictive chemica form has been assumed. For
uranium, the Qc values are now presented in terms of the absorption types assigned for the mgor chemica
forms of uranium. This more detailed evaduation of Qc was undertaken because of sengtivity of the dose per
unit intake to the absorption type and the fact that the chemica form of uranium in trangport is generdly known.
This procedure leads to different vaues for al uranium isotopes except U-235 and U-238.

Qp isdetermined by condderation of the beta dose to the skin and the ingestion dose resulting from handling
adamaged package. The model assumesthat 1 % of the package contents is spread uniformly over an area
of 1 m; handling of the debris is assumed to result in contamination of the hands to 10 % of thislevd, and the
person is assumed not to wear gloves and to have his hands washed within aperiod of 5 hours. This person

! defined as the summation of the tissue equivalent dose, each multiplied by the appropriate tissue weighting factors, as
given in ICRP publication no. 60.



is further assumed to ingest al the contamination from 10 e of skin over a 24 hour period.
As for Qg, the complete beta spectra were used together with recent data from Cross'”? on the skin dose rate
per unit activity of a monoenergetic eectron emitter.

Qe is determined by consderation of the submersion dose following their release in an accident. A 100 %
rdlease of the package into a store room of 3x 10 x 10 7 and with four air changes per hour is assumed. In
the earlier Q system the Derived Air Concentrations were used, while in the revised Q system the effective
dose coefficients for submerson in a semi-infinite cloud were used, as tabulated in the USEPA Federd
Guidance Report No. 12 @,

Asinthe earlier Q system, the decay products with half livesless than ten days are assumed to be in equilibrium
with the parent nuclide, but the daughter's contribution is now summed with thet of the parent. In the padt, the
Q vaues were caculated for daughter and parent and the most restrictive was assigned to the parent.

A specid caseisthe cdculation of Qg for Rn-222, where not only the submersion dose is caculated, but dso
account must be taken for the lung dose due to the daughter-products Po-218, Pb-214, At-218, Bi-214 and
Po-214. Therefore, radon and its progeny is treated as a noble ges.

For dphaemitters? it isin genera not appropriate to caculate Q, and Qg vaues for specid form materid,
because of the rdatively wesak beta and gamma emission. Although thereis no red dosmetric judtification, the
arbitrary contents limit of 10 000 Qc has been kept.

The arbitrary cut-off of 40 TBq for A; and A, to account for possible effects of bremsstrahlung radiation was
aso kept.

A comparison between the new and old A; and A, vaues for a slected number of radionuclidesis givenin
table 1.

The changesin the A; and A, values are rather limited, except for the dpha-emitters, where higher values are
found. Thisis mainly due to the use of new tissue weighting factors and metabolic models recommended by
the ICRP.

Classfication of LSA material and SCO

It is dso worth mentioning that some problems have been identified with respect to the classification of low
specific materia and surface contaminated objects and the package requirements for these materias and
objects.

There were concerns about the underlying radiologica mode and about the fact that the requirements for the
different categories of indugtrid packages do no fit within the scheme of withstanding routine conditions of
trangport (excepted packages), normal conditions of trangport, including minor mishaps (type A packages),
accidents (type B and type C packages). It was recognised that no credit can be taken of the non-combustible
nature of many IP-2 and 1P-3 packages and that no account can be taken of the greet strength inherent in some
IP-2 and 1P-3 packages of consolidated wastes.

Time in the review process was limited and work on the rationadisation (rediologica bass) of this categorisation
could only be started. The in-depth discussion of this issue has been deferred to the next revison.

2 A radionuclideis defined as an alpha emitter if in greater than 0.1 % of its decaysit emits alphaparticles or it decaysto
an alpha emitter.



With the exception of the introduction of a new category of LSA-lI materid as a consequence of the
introduction of radionuclide specific exemption vaues, no changes were introduced nather in the classfication

of low specific activity materid and surface contaminated objects nor in the package requirements for these
materias and objects.



FIG.
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1. SCHEMATIC REFRESEMTATION OF EXFOSURE FETHWEYS EMFLOYED IM THE [ SvSTEM.

Table 1 - Comparison of old and new A; and A, values

radionuclide A1 (in TBQ) A (in TBQ)
1985 Edition 1996 Edition 1985 Edition 1996 Edition

H-3 40 40 40 40
C-14 40 40 2 3
Co-60 0.4 0.4 0.4 0.4
Tc-99m 8 10 8 4
[-125 20 20 2 3
Cs-137 2 2 0.5 0.6
Ir-192 1 1 0.5 0.6
Ra-226 0.3 0.2 0.02 0.003
naturd Th unlimited unlimited unlimited unlimited
naturd U unlimited unlimited unlimited unlimited
Pu-239 2 10 0.000 2 0.001
Am-241 2 10 0.000 2 0.001
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REVISION OF THE IAEA REGULATIONSFOR THE SAFE
TRANSPORT OF RADIOACTIVE MATERIAL

EXCLUSIONSAND EXEMPTIONSIN THE 1996 EDITION OF THE |AEA
REGULATIONS FOR THE SAFE TRANSPORT OF
RADIOACTIVE MATERIAL

L. Baekelandt
Niras
Madouplein 1, bus 25, B-1210 Brussdl

Introduction

Exclusions and exemptions (total and partial) have dways been part of the transport regulations™, but these
provisons were dispersed over various sections, for instance:

- theregulations do not apply to shipments within regulated facilities, neither to radioactive materid that
isanintegra part of the means of trangport (such as bdlast in arcraft or ships), nor to materid having
aspecific activity greater than 70 Bg/g;

- excepted packages are exempted from certain requirements of the regulations.

Some of the exclusions have been kept in the revised regulations and have been grouped in para. 107:

The Regulations do not apply to:

(a) radioactive material that isan integral part of the means of transport;

(b) radioactive material moved within an establishment which is subject to appropriate safety
regulations in force in the establishment and where the movement does not involve public
roads or railways;

(c) radioactive material implanted or incorporated into a person or live animal for diagnosis
or treatment;

(d) radioactive material in consumer products, which have received regulatory approval,
following their sale to the end user;

(e) natural material and ores containing naturally occurring radionuclides which are not
intended to be processed for use of these radionuclides provided the activty concentration
of the material does not exceed ten times the appropriate exemption val ues.

The exclusons in subparagraphs (8) and (b) are not new in the trangport regulations. The excluson in
subparagraph (c) has been extended to animals.

The exclusion in subparagraph (d) applies for ingance to smoke detectors containing rdatively smal amounts
of radioactive materias, such articles are dso excluded from the BSS system of natification and authorisation.
The raionae behind subparagraph (e) will be explained later in relation with the departure from the single
exemption levd of 70 Bg/g to aradionudlide specific gpproach in the definition of radioactive materid.



Principlesfor exemption

In 1988 an internationa (IAEA, NEA) consensus was reached on the general principles for exemption from
radiological protection measures, and published as |AEA Safety Series No. 89,

The exemption of a practice or asource from regulatory control (notification, registration, licensing) must be
seen in relation to the badic radiologica protection principles. judtification of a practice, optimisation of
protection, individua risk and dose limits.

A "practice” is defined as "a set of co-ordinated and continuing activities involving radiation exposure which
areamed a agiven purpose, or the combination of Smilar such sts'.

The "source" is then defined as "the physicd entity (e.g. radioactive materid, nuclear inga lation) whose use,
manipulation, operation, decommissoning and/or disposa are condtituents of the coordinated set of activities
defined as practice".

From aradiologica protection sandpoint, there are two basic criteriafor determining whether or not a practice
can be a candidate for an exemption :

- theindividud risks must betrivid, i.e. sufficiently low as not to warrant regulatory concern;

- theradiologica protection must be optimised, taking the cost of regulatory control into account.

A schemdtic view of the exemption procedure is given in figure 1.

Anindividud doseislikey to be regarded astrivid if it is of the order of some tens of microsieverts per year.

Because an individua may be exposad to radiation from severa exempt practices, it is reasonable to gpportion
afraction to each exempt practice. This could lead to individual doses to the critical group of the order of 10
mSv in ayear from asingle practice.

In the optimisation assessment, the relevant quantity is the collective dose commitment per year of practice.
A generic Sudy of the available options should be made and the conclusion reached that exemption is the
option that optimizes protection. If this generic study indicates that the collective dose commitment from one
year of the unregulated practice will be less than about 1 man.Sv, it may be concluded that the total detriment
islow enough to permit exemption without more detailed examination of other options.

Inits 1990 recommendations, the Internationd Commission on Radiologicd Protection (ICRP) recognizes "thet
the exemption of sources is an important component of the regulatory functions'™. The Commission reiterates
the two basic criteriafor exempting a source or an environmenta Stuation from regulatory control. Oneisthat
the source givesriseto smd| individuad doses and smdl collective dosesin both norma and accident conditions.
The other isthat no reasonable control procedures can achieve sgnificant reductionsin individua and collective
doses.

These principles have been endorsed and made more explicit in the revised IAEA Basic Safety Standards
asfollows:
"(a) theradiation risksto individuals caused by the exempted practice or source be sufficiently
low as to be of no regulatory concern;
(b) the collective radiological impact of the exempted practice or source be sufficiently low as not
to warrant regulatory control under the prevailing circumstances; and
(c) the exempted practices and sources be inherently safe, with no appreciable likelihood of
scenarios that could lead to a failure to meet the criteriain (a) and (b)."



Application of Exemption Principles

Unregulated practices give riseto smdl individud doses (10 or some tens of microSv per year), which are not
measurable in practice. Therefore, the exemption criteriain terms of dose must be converted to more practica
and measurable quantities, such as radioactivity concentration levelsin Bg/g or tota activity in B,

During the revison of the Basic Safety Standards an international consensus was reached on the various
scenarios, models and exposure pathway's to be consdered for the derivation of exemption levelsin terms of
total activity and activity concentratior”. The radiological criteria mentioned above were used for normal
conditions; in addition to those, for accident scenarios areference level of 1 mSv was used, on the basis that
the probability of occurrence is less than unity, and a reference dose to the skin of 50 mSv was taken into
account.

Such exemption levels were derived for the most common radionuclides. The exemption vaues for some
selected radionuclides are given in table 1.

They range severd orders of magnitude”™ : from 1 to 1 000 000 By/g in terms of activity concentration, from
1 000 to 1 000 000 000 Bq in terms of total activity.

The benefit of harmonization between the BSS and the transport regulations is obvious. Such harmonization
would avoid problems at interfaces and legd and procedura complications. It was recognized that the single
exemption level of 70 Bg/g has no dose basis and that it is unlikely thet this level satisfies the generd dose
criterion of 10 mSv/y for dl radionuclides.
A careful examination of the underlying scenarios and modd's used to derive the exemption levels for the BSS
led to the conclusion that they had not been demonstrated to be gppropriate for trangport purposes. Therefore,
a st of trangport-specific scenarios were devel oped which reflected various exposure Situations (exposure
times, distances, source geometries and shidding factors):
- apostman or courier ddlivers a package containing radioactive materia to alaboratory or a hospita
after having carried it during his ddlivery round (200 hrslyesr);
- adriver trangports bulk materid or packagesin atruck or van (400 hrslyear);
- aperson loads bulk materia or packagesin atruck or van (200 hrslyear);
- amember of the public traveling in an aircraft is exposed to radioactive material being transported in
the hold of the aircraft (200 hrs/year).
The accident scenarios were andysed following the Q system exposure pathways (only for scenarios leading
to exemtion levelsin terms of totd activity).

Based on these scenarios both activity concentration and totd activity (per conggnment) vaues were caculated
which would result in an annua dose of 10 mSv (or 1 mSv in the case of an accident). One of the most
restrictive scenariosis the exposure of atruck driver trangporting 20 n?® of bulk materia for atotal duration
of 400 hours per year.

It was shown that the single exemption vaue of 70 Bg/g was not competible with the dose criteria. For some
radionuclides (e.g. Co-60, Ra-226, Th-232, U-238) it results in doses of the order of 1 mSv/year or more
(seefigure 2).

These trangport derived vaues were generdly more redtrictive than the BSS vaues, but generdly did not differ
more than one order of magnitude (see figure 3). Taking into account the obvious advantages of having the
same st of vaues to be gpplied to both fixed ingtalations and transport operations, it was decided to adopt
the BSS derived values aso for transport purposes®.



For mixtures of radionuclides, the "ratio rule’ must be gpplied so that the sum of the activities (or activity
concentrations for each radionuclide divided by the gpplicable exemption vaueislessthan or equd to 1.

It must be noted that, in the case of decay chains, the vaues explicitly refer to the parent nuclide. The
radiologica impact of the daughter nuclides has been taken into account in the calculaions. The sngle vaue
of 70 Bg/g in the current regulationsis not unambiguous in this respect and leads to divergent interpretations.

The scope of the Regulations includes those naturd materids or ores which form part of the nuclear fud cycle
or which will be processed in order to use their radioactive properties. The Regulations do not apply to other
ores which may contain naturdly occurring radionudlides, but whose ussfulness does nat liein thefissle, fertile
or radioactive properties of those nuclides, as long as the concentration of the radionuclides has not been
atificidly enhanced. Were this not the case the Regulations would have to be gpplied to enormous quantities
of materia that present avery low hazard.

However, there are ores where the activity concentration is much higher than the exemption vaues. Sncethe
regular transport of these ores may be of radiological concern, a need was felt to put alimit for the activity
concentration, above which radiologica protection measures need to be consdered. A factor of 10 above the
exemption va ues was chosen as a compromise between the radiologica protection concerns and the practica
inconvenience of regulating large quantities of materid with low leved activity concentration.

Materids containing radionuclides in concentrations above the exemption leves have to be regulated. It is
reasonable that materials containing radionuclides up to 30 times the exemption level may be exempted from
parts of the trangport regulations. They have been associated to the category of LSA-I materials. The factor
of 30 has been selected to take account of the rounding procedure used in the derivation of the exemption
levels and to give areasonable assurance that the trangport of such materias does not give rise to unacceptable
doses.



Table 1 - Exemption vaues for some selected radionuclides

Radionuclide Activity Concentration Total Activity
(Ba/g) (Ba)
H-3 1 000 000 1 000 000 000
C-14 10 000 10 000 000
P-32 1000 100 000
S35 100 000 100 000 000
Cl-36 10 000 1 000 000
K-40 100 1 000 000
Co-60 10 100 000
Kr-85 100 000 10 000
Sr-89 1000 1 000 000
Sr-90% 100 10 000
Mo-99 100 1 000 000
Tc-99m 100 10 000 000
1-125 1 000 1 000 000
1-131 100 1 000 000
Cs-137" 10 10 000
Ir-192 10 10 000
Au-198 100 1 000 000
TI-201 100 1 000 000
Ra-226"" 10 10 000
Th-nat® 1 1000
U-nat® 1 1000
Pu-239 1 10 000
Am-241 1 10 000

©) parent nudlides and their progeny indluded in secular equilibrium

Sr-90 Y-90
Cs137 Bal37/m

Ra226 Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-210, Bi-210, Po-210

Th-nat Ra-228, Ac-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212,T1-208 (0.36), Po-212 (0.64)
U-nat Th-234, Pa-234m, U-234, Th-230, Ra-226, Rn-222, Po-218, Pb-214, Bi-214, Po-214, Pb-
210, Bi-210, Po-210
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TRANSPORT OF PLUTONIUM OXIDE AND OF MOX FUEL

S. Herin
Genera Manager, Transnubel
2480 DessH

1. Introduction

The safety of radioactive materia trangportation relies upon three fundamenta bases : drict
regulations, suitable equipment and competent operators. A common approach for al the
trangports of radioactive materid and particularly in the nuclear fud cycleistheir compliance
with gtrict regulations and performance under Quality Assurance.

This statement can be taken up by every sector of the nuclear fuel cycle. But it is particularly
true for the transportation of such sengtive materias as plutonium dioxide and mixed oxide
fud.

Such transports are regularly performed in Western Europe by Transnubel and its partners.
Some of their main festures will be described in this paper.

2. Background

Belgonucleaire has been active in the fidld of plutonium for more than 30 years. It is norma
then that its daughter company Transnube has gained a unique experience in the
trangportation of plutonium bearing materid.

This experience has been indrumental in dedling with countries as divergfied in their
regulations as Belgium, France, Switzerland, Germany, United Kingdom.

Transnube works on a regular basis with partners having a smilar experience, such as
Transnucdléaire in France, NCS in Germany and BNFL in the United Kingdom.

For obvious safety and security reasons, the trangport of plutonium is a highly specidized
activity. It made its firg steps with the initid development of the nuclear energy, the
operation of the European pilot reprocessing plant Eurochemic in Dessdl and reached its
industrid status with the development of plutonium separation in the modern reprocessing
plants.



3. Vehiclesfor thetrangport of plutonium bearing material.

The trangport of plutonium bearing materid is performed using specidly designed dedicated
vehicles. A st of dringent physica protection regulations have been developed in the
European countries where such transports take place to guarantee that appropriate security
measures are always gpplied throughout the whole operation, in order to prevent diverson
of fissle materid.

For continental Europe, severa security vehicles are available : 5 in France, 1 in Begium
and 1 in Germany. The design of those vehicles are not identica but they al achieve a
common objective in that they provide the security features required for the protection of the
transported material.

4. Transport of plutonium dioxide.

Due to the particular characterigtics of the plutonium arisng from oxide fue reprocessing it
was necessary to adopt specific equipment and techniquesin order to :

* provide adequate gammaand neutron shielding as well as heat disspation,

 dlow automatic handling to reduce personnel exposure,

* take into account the physical protection requirements applicable to the transport of such
materid.

After extensve tests and a long development work, a sysem meeting dl the above
requirements has been put into service by Cogema a the end of 1983 to be used as well
within France as between France and Belgium and has been operating to the generd
satisfaction Snce then.

It includes for each unit the following festures:

» agpecid 1SO container licensed by the security authorities of severd countries such as
France and Belgium,

» aninterna rack capable of accomodating 10 FS 47 packagings,

» asariesof ten FS 47 packagings.



Packagings

FES 47 packagings

The transport of plutonium dioxide has reached an indudtrid stage with the introduction of
the FS 47 packaging. Its handling a the reprocessing plant and at the fuel manufacturing
plants among which Belgonudeare/Dessd, did not face any difficulty and this sysem has
become standard.

The plutonium oxide powder separated at La Hague is conditioned in dainless sted cans
with a swaged lid, each containing gpproximately 3 kg of materid.

These cans are stacked in awelded stainless sted cartridge box which isin turn placed in a
cylindrical container closed by alesktight plug.

For transportation, this set of protective containersis placed in the FS 47 packaging, which
is gpproximately 2 m high and 75 cm in diameter. The wheight of the FS 47 packaging isin
the range of 1.5t and its capacity is around 19 kg of plutonium oxide (see table 1).

Ten FS 47 packagings are grouped in a rack which is then loaded in a specialy designed
ISO type container providing additiona physical protection.

The FS 47 design has been licensed in France in 1983 as atype B / F packaging and has
been further licensed or vaidated in other European countries among them Belgium, as well

asin Japan.

The safety margin offered by this packaging is largely in excess of the IAEA regulatory
requirements. It has been demondtrated, for instance, that it can withstand extreme externa
pressures up to 1000 bar and that the sedls of the containment envelope would not be
affected by a 1000°C fire for a period of one and a haf hour.

Besdes road transportation, which is performed on a regular basis, the FS 47 system has
as0 been used for the return shipment by sea of plutonium to Japan.

TNB 145 packaging

For smaler quantities of plutonium, TNB 145 packagings can be used too. This design was
licensed in Belgium in the end of the 1970's and is vdidated in severd countries. It is used
for the trangportation of various types of materids including fissle materid such as uranium
and plutonium oxide.



Various szes of such drum-like packagings are avalable, depending on the size and
quantities of the materia to be trangported. The maximum alowed quantity of plutonium
oxideis4.5 kg.

5. Transport of fresh MOX fudl.

The transport of fresh MOX fud assemblies is peformed usng packagings specidly
designed for such purpose.

At present two designs are available :
* TNB 176 (known in France as FS 69)
» SemengBiblis

The TNB 176/FS 69 packagings are used for the transport of fuel assemblies in Belgium,
France, Switzerland. The Semens/Biblis packagings are used for the transport of MOX fue
assemblies to German power stations.

The handling of MOX fuel containers, their unloading a power stations and the handling of
MOX fud assemblies within the power sations have been performed in a wide variety of
circumstances. Severa power gations in Belgium, France, Germany, Switzerland have been
licensed for the use of MOX fue. For ingance in Belgium, Tihange 2 and Dod 3, in
Switzerland Beznau and Gosgen. In France 16 power stations are licensed. In Germany, the
power stations of Brokdorf, Phillipsburg, Unterweser, among others are licensed. Transport
of MOX fue to severd of those are performed on a regular basis. Tihange and Dod are

among them.

That kind of trangport between fud fabrication plants and power dations is now well
established. Larger quantities will be involved in the coming years with the gradua increase
of the Meox plant production.

Because of the presence of plutonium in the fudl, two issues had to be solved :

* technical difficultiesinherent to the presence of plutonium (need of an appropriate neutron
shidding and of an adequate therma disspation as some plutonium isotopes are hest
producers) with the subsequent need to design type B/F packagings,

 the gpecid security measures which are far more redrictive for plutonium fuel than for
enriched uranium fud.

In the same manner as for plutonium oxide, stringent security rules apply to the transport of
MOX fud assemblies. Depending on the type of security vehicle used for the transport, up
to 8 MOX fuel assemblies can be trangported a atime. Detailed procedures have been set



up and approved by the Competent Authorities of the various European countries
concerned.

Packagings

TNB 176/FS 69 packaging (see table 1)

The TNB 176/FS 69 packaging used for the transport of MOX fudl assemblies shares some
features of the well known RCC packaging used for the trangportation of uranium oxide fuel
assemblies. It has a capacity of two assemblies which are loaded and tied down in the
vertical pogtion before being tilted horizontaly as it is the case for the RCC's. But the
TNB176/FS69 design differs substantidly from the RCC design since it is equipped with a
neutron shielding and since it alows the disspation of 1.2 kW, the therma power resulting
from the presence of plutonium. Additionaly, it is desgned to take into account the
requirements of B / F packagings.

SemengBiblis packaging (seetable 1)

Asfor the TNB 176/FS 69 packaging, the Semeng/Biblisis based on the RCC design with
additiona festures such as neutron shidding and shock absorbing. Actudly it conssts of a
Type A packaging smilar to the RCC design, placed into an overpack providing the neutron
shielding and the shock absorbing characterigtics.

6. Quality Assurance

In the introduction, it has been pointed out that trangport activities should be performed
under Qudity Assurance.

IAEA Regulations becoming operative in 1990 made Qudity Assurance compulsory for
those activities. The minimum criteria gpplicable to Quality Assurance systems are defined in
the appendix 1V of the IAEA Safety Series N°37. It covers the design, the fabrication, the
use and the maintenance of transport equipment such as packagings and vehicles, and the
performance of the transports themsalves. Specidlized transport organizations such as
Transnubel had not waited for such requirements to become compulsory but had established
dready long before Quality Assurance systems covering al aspects of thar activities, not
only in the fidd of trangport itsdf but aso for engineering studies and manufacturing of
equipment related to transportation.

These sysems meet the requirements of the main Quality Assurance standards such as
IAEA 50 CQA and ISO 9000. More and more of the important transport companies are
now qualified according to the 1SO 9000 Standard.



Over the lagt years, the widespread application of Quaity Assurance principles throughout
al steps of nuclear materia trangportation has further improved its aready high standard of

safety and riability.
Tablel
PACKAGINGSFOR PuO;
AND MOX FUEL ASSEMBLIES
Packaging
FS47 TNB 176 /FS 69
Siemens/Biblis

Content PUO; MOX fuel
Capacity 19kg 2 assemblies
Typical Activity (PBQ) 75 11
Heat disspation (max) (kW) 0.3 12
Weight (t) 15 5/6.6
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III. Transportation (including QA / QC)

IV. Experience

V. Conclusion

I. Background: reprocessing
Belgian spent fuel

* Reprocessing contracts with COGEMA
* Return of vitrified residues from La Hague to Dessel starting in 1997

* Interim storage in a specially erected building
on Belgoprocess site in Dessel (building 136)



Spent fuel storage status
January 1996

stored at reactors

* 1150 tonnes stored at reactor sites

* 450 tormes already
reprocessed at La Hague

stored at La Hague

reprocessed

Current Reprocessing

Contracts
Reprocessing | Contract quantity Already
period reprocessed
(1% Jan 96)
1980 - 1985 140 tonnes 140 tonnes
1990- 2000 530 tonnes 310 tonnes
2001- 2010 225 tonnes
2001- 2015 |options up to 120 t/y

Current governmental policy

* Use as MOX the plutonium from 1978 reprocessing contract
* Keep new post-2000 reproc. contract on hold
* Re-examine back-end routes in preparation for a new debate in Parliament

around 1998
* In the meantime: assess the technical & economic feasibility of the

once-through option



I1. Vitrified residues

(including QA / QC)
. Vitrification experience:
facility glass canisters produced
31.1.96

AVM Marcoule 2416
R7 La Hague 2 480
T7 La Hague 1320
WVP Sellafield 1046
Pamela Dessel 2 200

Glass canister

main characteristics (1)
height (with lid) 1.34 m
external diameter 43 cm
thickness 5 mm
vitrified residue per canister ~ 150 liter
glass weight per canister ~412 kg
material stainless steel

The vitrified residues contained in one canister correspond to
the reprocessing of approx. 1.5 tonnes of spent fuel.



Glass canister main characteristics (2)

percent waste in residue ~ 14%
main radionuclides 90-Sr, 106-Ru, 137-Cs, 144-Ce,
154-Eu, 241-Am, 244-Cm

activity content o + B,y ~1E15Bq
maximum decay heat < 1.46 kW
maximum quantityof Pu <0.11 kgPu
maximum quantity of U < 450kgU

maximum surface contamination 3 < 3.7 Bg/ sq. cm

Vitrified residues
specifications

. Vitrified residues specifications approved by
safety authorities in:

France

Japan

Gerrnany

Belgium

Switzerland

the Netherlands

L 2R 2K 2K 2R K 2

QA / QC procedures for
vitrified residues

. Complete QA / QC procedures
. 3 control levels
L 4 COGEMA (internal)
* Bureau Veritas (on behalf of baseload customers)
* ANDRA (on behalf of French safety authorities)
. In addition
L 2 regular inspections of COGEMA and ANDRA by
French safety authorities



Ensuring quality and safety
through stringent QA / QC

. At the time of glass production
L 2 quality of glass components
L 2 process control
L 2 internal inspection by a COGEMA body independent
from operations
. Before shipment
L 2 final control of each canister
. customers’ representatives witness the operations

I11. Transportation
(including QA / QC procedures)

. For Synatom - COGEMA contracts prior
to 2000: only 15 transports of vitrified residues
from La Hague to Dessel

. Equivalent to 6 years of nuclear electricity
production in Belgium

Nuclear waste volurnes are very small

TN 28 VT transport flask

. Compliance with
IAEA regulations
type B(U)F
. Conformity with
transport regulations:
* international: TAEA
Safety Series n°6, RID, etc
* European: ADR
L 4 French: RTMDR, RTMDF

4 Belgian: Royal Decree of 28.2.1963




TN 28 VT flask
main characteristics (I)

Transport flask TN 28 VT based on spent fuel transportation casks

height (with lid) 6.6 m

external diameter 24 m

thickness 26 cm

glass canisters per flask 28

total weight with load 112 tonnes

material mainly carbon steel, resins

TN 28 VT flask
main characteristics (2)

maximum heat production <41 kW per flask
maximum surface temperature 108°C
activity content o« + {,v ~1E16 Bg

maximum allowed dose y+n at surface <2 mSv / h(*)
maximum allowed dose y+n at 1 m < 0.5 mSv / h(*)
maximum non fixed contamination o < 0.4 Bg/sq. cm
maximum non fixed contamination 3,y <4 Bqg/sq. cm

(*) in practice, much lower levels are observed,
by orders of magnitude



QA / QC procedures for

transportation
. specific QA / QC for transportation, involving:
"¢  COGEMA & Transnubel
. service pour la protection . ONDRAF/NIRAS
radiologique . SNCF
. Service des transports 2 2 SNCB
Service de la gestion des contrats . Transport Lemaréchal
Service désentreposage de résidus @ Société de Manutention et
vitrifiés La Hague de Levage
* Belgoprocess . Controlatom

. Transnucléaire

Quality plan for
transportation

. 74 steps, fully documented, covered by:

* contracts
. specifications
. procedures
. agreement certificates
. Examples:
L 2 granting of French & Belgian authorisations
2 export & import licenses
L 2 numerous radiological controls (at La Hague, Valognes, Mol, Dessel)
L 2 attendance of official controllers
* etc.



Transport
documentation file

. 51 pages in total. Examples:

consignor’s certificate

glass canisters loading plan

flask turnround inspection & maintenance check-list
flask radiological survey

road vehicle radiological survey

wagon radiological survey

certificate of transfer of responsibilities

L ZBE B JEE JER SR JEE 2R 2

etc.

IV. Experience

* On-going production of glass canisters at La Hague

» Vitrified residues safely transported to Japan & Germany

* Experience with more than 4500 spent fuel shipments
from all COGEMA customers to La Hague

* Two test transports to Dessel in 1995 & 1996

Spent fuel transportation
pre-2000 contracts

o) — '"WL . approx. 440 transports

3001 —me g 2.,....‘;' of spent fuel from Belgium

200 --— to La Hague effected
f853338F323 . approx.l5 return

transports of vitrified
residues to be effected



Return to Belgium
technical aspects

. 28 canisters per transport in a flask TN 28 VT
. Road / rail / road
. Flask very similar to those used

for spent fuel transportation (TN 12)

V. Conclusion

. product quality: OK

. transportation equipment: OK
. transportation operations: OK
. tests: OK

. storage building: OK
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INTRODUCTION

At the end of a cycle of courses or lectures on the various aspects concerning the transport of
radioactive materid, we are dl quite convinced that this sector of the nuclear indudtry, as others, is
among the safest there is and one can be pleased about this state of affairs. In the event of an accident,
a range of measures have been developed to prevent - in most cases - and dways to minimize,
irradiation of al the people involved and the dispersion of radioactive matter.

The basic principles underlying radioprotection of the population and of workers appear to be perfectly
goplied in practice but we al know that perfection does not exist and that the regulations are highly
complex. One can, therefore, quite rightly ask the following questions : How is it applied ? Are dl the
recommendations and statutory provisions gpplied with the same degree of perfection ? What does this
cost ? Are some recommendations too cumbersome to be applied in detail ? Is there a temptation, in
some poorer sectors, to circumvent the laws ? Or possibly to misunderstand or misinterpret them. Do
al the countries apply and monitor the regulations with the same attention to detail and the same degree
of professondisn ?

Finaly, isthere awedthy sector (the nuclear fuel cycle in Western countries) where there are the means
and the politica will to develop a safety policy and isthere anot so wedthy sector where the Situation is
not so easy, and where safety has a price and where those responsible for safety have to make efforts
to be heard ?

To make this paper as clear and aslively as possible, we are going to illustrate actud conditions thanks
to the use of examples taken from daily experience. We shdl, on the basis of our own experience, offer
you the resullts of our thinking, which we hope will see the beginning of alively and useful debete.

Before embarking on these examples, we fed that it is vitd, in order to avoid any misunderstanding, to
adopt the following precautions :

- What will be said is not to be taken as criticism of anybody whomsoever but is intended to be a
series of observations of the red Stuation as we see it. The am of our approach is to strive for better
understanding between al those responsible for the safety of trangport. The greater the understanding,
the easier collaboration will be and the greater the level of safety. In this respect, | would like to
emphasize the excdlent rdations which exig in Bedgium between the “Controllers’ and the
“Controlled”. We benefit, each and every day, from an excdlent quality of didogue. | do not know
whether thisisthe case everywhere.

- There can, of course, be no question on the basis of these examples of judifying shortcomings in
the field of safety or of trying to endorse such failings but only of emphasizing the difficulties or of
meaking congructive remarks with the aim of searching for aremedy or of finding solutions in those areas




where we detect zones of particularly complex regulations, thus not so clear-cut and more likdly to give
rise to misinterpretations or deviation.

- In the nuclear industry, and looking beyond techniques and regulations, it is the adoption of a
“safety culture’ which gives ameaning to dl the various activities.

Real professionalism involves technology, regulations and a safety culture.



2. EXCEPTED PACKAGESAND THE RISK OF LOSS OF RADIOACTIVE SOURCES

Definition of an “ excepted package” :

An excepted package may contain radioactive materid done or radioactive materid which is
incorporated in various equipment, within the limits mentioned in the table below :

Radioactive matter The equipment
Solidsin a gpecid form 102 A, Ay
Solids in another form 103 A, A,
Liquids 10 A, 10" A,
Gasin aspecid form 102 A, 102 A,
Gasin another form 10°A, 102 A,

The above represents fairly sgnificant levels of activity and some radioactive sources, used in gauges
(incorporated in equipment) are transported under this designation without encountering any problems
with the dose rate on contact.

Example:

1. A leve gauge (equipment) containing a source of *** Am (A, = 2 TBq - 50 Ci incorporated in
an equipment) in aspecid form with an activity of 4 GBq (0.1 Ci)

2. A chromatograph containing asource of * Ni (A, = 30 TBq - 800 Ci), with an activity of
500 MBq or a**® Rasource (A, = 2102 TBq - 0.5 Ci) (not in aspecia form).

Since 1963, Belgian regulations require a transport approva for much more redtrictive activities.

It is only since 1993 that Euratom regulations call for a transfer satement between Member States for
activities comparable to the levels requiring Belgium transport approval.
Example: 5KBqfor ** Am

500 KBq for ® Ni

Before the Euratom directive, a grest many sources where shipped “in cognito” and/or arrived in
facilities which were not yet authorized.

Neverthdess, it is sometimes the case today that sources from non-European countries are ether
shipped by unauthorized trangport companies when they were ordered by operators not yet fully avare
of the required authorizations.



This Stuation may become worrying because if one is not aware of the existence of a source, how can
one ensure follow-up and decommissoning a the end of its life ? This may lead to potentid “Goianas’
or to problems amilar to those mentioned in Chapter 3.

We would a0 like to point out that with regard to trangport by post, parce limits are ten times more
restrictive but continue to remain fairly high. Within the context of internd transport ingde a country, the
package does not have to carry a specid mention, and thus no documents are necessary. In the case of
internationd transport, the condgnment has to show the name and address of the shipper, together with
alabd dating “radioactive metter” but there is no specification as to where the labd isto be affixed or
to thesze of thelabd.

In Belgium, transport by post is prohibited, which isin our view an excdlent thing. It has to be noted
that there have been occasons of internd transport (without any mention on the parcel), as well as

internationd trangport by aforeign shipper and alabe which was not particularly “legible’ !

To conclude :

I'n our view, the Euratom limits and Belgian regulations ought to be applied internationally.
Thiswould prevent transfers and shipment of fairly high and uncontrolled levels of activities
and transport by post would be totally excluded.




3. CONTAMINATION OF METAL SCRAP

3.1 Position of the problem

Since the early 80s, the number of radioactive sources which have been detected in meta scrap has
increased quite considerably, and has now become worrisome.

The following diagram clearly illugtrates the problem.

RADIOACTIVE MATERIAL IN METAL SCRAP
U.S. 1983 - 1993

~@- ARl Materiai (Finds & Smeitings) (298)

== AEA Material (Finds & Smeitings) (66)

The sted industry has stressed that it will have to face increases which are exponentia to the number of
incidences linked to metal scrap contamination. The industry also points out that some sources, ill in
their lead shidding, are able to avoid detection by most of detection systems, even the most
sophiticated ones.

Accidentd met-down of one of them can have dramatic financid consequences for the industry and
radiologica consegquences, which are at least as greet for the workers and/or the environment.

Quite frequently, the red origins of the metd scrgp is not clearly known, if not completely unknown. It
has become increasingly evident that in most cases the problems are due to sources from former Eadt-

bloc countries where safety rules (inspections) are not as effective as ours.

Indeed, radioactive materid is shipped by boat, train, truck .... in atotaly illega manner.



DECISION-MAKING DIAGRAM

Systematic Control
Above
threshold OK
Control by aspecidist
Risk egtimation
OK
I ]
SP.RI.

Conservative measures

Moreover, once they have been detected, a number of problems linked to the transport of radioactive
materid arise, with most of them being quite specific. It is in this respect tha they are interesting to

examine because the problem is both nationd and internationd.

It is most important to know how to react ! And it is very tempting for the person who detects the
“contaminated” vehicle to get rid of the problem by discretely sending it back to the shipper, who in
turn will get rid of the consgnment. The safety culture adopted in the scrap metd indudtry is probably
far from that adopted in the nuclear sector and we regularly encounter Stuations which can be

consdered as potential “Goianas’.

3.2 The problem from the point of view of transport of radioactive material.

IF:  Aistheowner of the meta scrap (non-nuclear)
B isthe trangport company (non-nuclear)




C isthe user (stedlworks) (non-nuclear)

In the event of detection, the scrap is physicdly a C's Site, i.e. the stedworks, and the tendency would
be to “discretdy” send the scrap back to its owner, A. Thiswould result in an unhedthy and dangerous
Stuation because the red owner is not dways known.

Since there has been detection, this means that radioactive waste is involved, with unauthorized
circulation (trandfer) being prohibited (above dl if the shipper is foreign). The waste may only circulate
after trangport gpproval has been received. The authorities mugt, therefore, be advised as rapidly as
possible and the appropriate action must be taken.

The vehicle is, therefore, immobilized and concrete action has to be taken in situ by the specidized
workforce because the stuation may become complex, with all aspects of radioprotection being of
paramount importance (workers, environment).

For the sake of reflection, the following decison-making diagram is suggested :

However, from the point of view of the regulations, we are faced with a stuation which is difficult to

manage.

- There was, from the outset, avery mgor shortcoming;

- the types of radioactive sources responsible for detection, can vary grestly;

- the trangport regulations for radioactive materid are, in thisingance, not easily complied with;

- the andysis of the radioactive contents may be complex and expensve. Financid congderations
are important and respongbilities are not well-defined;

- counter-measures are more to do with emergency measures than routine operations,

- the emotiona factor and the “medid’ must not be under-estimated.

Whether this concerns scrap which is transported by barge, by goods wagon or by truck :

- the authorities are virtualy unable to give trangport gpprova without knowledge of the contents,

- it is difficult to envisage the necessary on-dte action, which must not aggravate the Stuation or
therisk;

- it is necessary to react quickly and to intervene immediatdly;

- there is no packaging, there is no possbility of confinement;

- itisdifficult to labe the package because it is not properly defined.

It is, thus, more a question of integrating the action to be taken with emergency problems and to reflect
on matters beyond the normd framework of transport regulations, with this giving rise to the usud

difficulties

And findly, who will pay ?



4. TRANSPORT INDEX (T.l.)

4.1. Definition

4.2. Practical deter mination

- In some cases, the trangport index is cdculated on the basis of the activity present in the
package and which is not systematically measured. This is the case of ®™Tc generators which are
produced and packaged in their hundreds by remote-control.

Systemtic determingtion is impossible and occasondly aloading error occurs which can result
inthe red index being different from that printed on the package.

A physcd inspection will not detect this error because the vehicles are loaded with a greet
many generators (severd tens of generators) and the unit weight of each generator is quite high (50 kg).

- In the case of alarge-scae consggnment, it is quite frequent to “forget” the multiplication factor
which depends on the surface area involved (up to 10 for more than 20 sq.m.).

- With regard to a package containing fissle materid, it will be necessary to take account of the
criticdity Tl and to retain the larger of the two Tl values (measured and calculated index), with the latter
being mentioned on the package. This was often forgotten.



Indeed, it was not rare to see trangport labels on a container of more than 20 sg.m. containing an
assortment of wagte fud with a Tl of lessthan 1.

5. IRRADIATION OF THE DRIVER

5.1. Position of the Problem

The ADR gpecifies that the intendity of the radiation at the driver’s place cannot exceed 0.02 mSv/h
unless they (the driver and the conveyer) are equipped with individud radiation monitoring devices.

Belgian regulations are more redtrictive. The Belgian authorities, in its transport approvals for transport
companies, imposes a maximum of 0.02 mSv/h for the driver and the obligation to wear a dosmeter
as soon as 0.0025 mSv/h is exceeded in the driver’ s cab.

5.2. Conclusion

To comply with Belgian regulations, additiona shielding is generdly necessary. Thisis placed behind the
driver's cab and is made of 1- to 2-cm thick lead plates of morethan 2 sg. m. insze.

In our view, dthough radioprotection is ensured, conventiona safety is still not guaranteed because this

extrashidding is not dwaysindaled in such away that it will actudly resst in the case of an accident. In
this case, isthe risk of impact not greater than the prevented radiological risk ?

6. PHYSICAL CONTROL OF THE TRANSPORT COMPANY AND THE SHIPPER

6.1. Belgian directives

A. The Shipper’s physical control department isresponsblefor :

* monitoring the packaging of radioactive or fissle materid and the loading ingde the facility of
these packages in/on the vehicle;

* measuring the dose rate on the package' s outer surface;

* establishing the transport index;

* affixing the appropriate labels on each package.



B. The Transport Company’s physical inspection department isresponsiblefor:

* monitoring the lashing of the package in/onto the vehicle;

* ingpecting contamination of the vehicle;

* measuring the dose rate on the outsde (surface areg, a 1 m and 2 m away from the outer
surface) of the vehicle and the driver’s cab;

* affixing the gppropriate labels on the vehicle.

6.2. Position of the Problem

In Begium, each company handling radioactive materids must gppoint an officer in charge of physca
ingpection.

Should the company not have such a competent person, an agreement must be entered into with a

competent control agency.

As described above, regarding the transport of radioactive materias, the respongbilities of the shipper
and the trangport company are determined as follows::

A. Physica ingpection by the Shipper

* Determination of the type of package, correct loading of the materid in the package;

* Control of the contamination on the outer surface of the package;
* Dose rate measurements on the outer surface of the package;
* Determination of the trangport index;

* Labelling of the package.

B. Physical inspection by the Transport Company

* Control of the package s lashingsin or on the truck;

* Control of the contamination of the truck;
* Dose rate measurements of the truck :

- on the outer surface,

- a 2m from the outer surface,

- inthe driver’s cab.

* Labdling of the truck.



6.3. Comments

The missons described at the international and nationd level are clear but in practice there continue to
present difficulties.

In mgor nuclear facilities, a physical ingpection is carried out on a permanent bass - i.e. for each
consgnment - and most of the time, the various elements of the ingpection are based on the fall-safe
principle and are checked by both parties.

In smdler nudear facilities and when the trangport companies are too smal, physca ingpection is not
redly very present a the time the vehicle leaves the ste. How can one be sure in the case of the
trangport of nuclear waste, for ingtance, thet dl the provisions have been properly complied with ....?

6.3.1 Physical inspection - shipper

A. Type of package, loading in the package

* The type of package will be determined by :
- A1/A2 vaueisotope,
- specid form of radioisotope,
- activity isotope, chemicd and physicd form,
- fissleor not fissle

* In the case of atype B or type F package, a copy of the package approvd shall be present
during transport.
* If the isotope isin aspecid form, the specid form certificate shdl be present during transport.

* Specid requirements, if present in the package gpprovd, regarding the loading of the materid in
the package shall be met.
* Before loading of the package(s) in or onto the truck, the following items shdl be checked :
- Isthe truck technically OK to receive that type of package(s) ?
- Doesthe truck have sufficient means of lashing ?
- Does the truck/driver have the necessary paperwork (e.g. licence, ADR
certificate, ...)?

B. Contamination of packages

* Contamination on the package' s outer surface may not exceed the following vaues :
- Béa, gammaand low toxicity Alphaemitter : 4 Bg/cm?
- Alphaemitters other than low toxicity emitter : 0,4 Bg/cm?

C. Dose rate measurements of packages (not for excepted packages)




The dose rate shdl not exceed the following vaues:

- 0.1 mSv/h a& 1 m from the outer surface (except when transported
under exclusve use);

- 2 mSv/h on the outer surface.

Transport Index

The trangport index is the value of the dose rate a 1 m of the package' s surface expressed in
mRem/h.

For fissle packages, the trangport index is determined by the criticdity analyss; this is to be
mentioned on the package approvd certificate.

Special attention should be given to large containers

Package labdling

Determination of the type of labd (7A, 7B or 7C) depending on the dose rate measurement and
the trangport index. Two labels per package on opposite Sdes.

When thereisasubgdiary risk - additiond labds (e.g. UF6 - radioactive + corrosion labels).
Depending on the different means of transport (e.g. ar or sea), additiond labels may be
required.

6.3.2. Physical inspection - Transport Company

A.

Ingpection of lashing in/on the truck

The truck needs specid provison for adequate lashing of the package(s).
The lashing is the respongbility of the transport company.
Lashing equipment has to be determined to resst the following forces during road transportation:

- longitudind : 29
- |ateral : 19
- vertica : 3 gdown, 29 up.



*

Contamination of the truck

The contamination shdl not exceed the following vaues :
- Beta, gammaand low toxicity dpha emitters : 4 Bg/cn?
- Alpha emitters other than low toxicity : 0.4 Bg/cm?

It is very important to measure the contamination of the truck’s loading area after each
unloading operation for immediate determination of the reason for any possible contamination.

Dose rates of the truck

The dose rates shdl not exceed the following vaues:

- dose rate at the outer surface : 2 mSv/h
- doserate at 2 m of the outer surface  : 0.1 mSv/h
- doseratein the driver’s cab : 0.02 mSv/h

Labdling of the truck

3 type 7D labds (one on each sde wdl and one on the rear);

These labels must be at least 25 x 25 cm sguare (10 x 10 cm in the case of amdl vehicles).
In case of asubsidiary risk, 3 additional labels (e.g. UF6 - radioactive + corrosion).

The labels are to be removed after unloading.

7. CONCLUSIONS

Transport regulations for radioactive materid is comprehendve and well thought out. It is,

however, very complex. Since perfection does not exist in this world, there are some dightly shady
areas and thisis norma. We have tried to point these out, together with the risks involved.

*

*

What isimportant is that the workforce adopts a safety culture.

Beware, inspection isthe very last barrier !

Thisisapleafor effective, independent ingpection which is up to the task a hand.
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