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EXECUTIVE SUMMARY

The present licensing regulations and anticipated changes to these
regulations, which are relevant to the utilization of tritium in fusion
facilities and in commercial applications have been reviewed.

It is concluded that there are no serious licensing obstacles/ but there
are a number of requirements which must be met. These are listed here
and discussed in detail in the report;

A license will be required from Atomic Energy Control Board if
Ontario Hydro tritium is to be applied by other users.

A license is required from the Federal Government to export or
import tritium.

A licensed container will be required for the storage and
shipping of tritium.

The containers being designed by AECL and Ontario Hydro and
which are currently being tested will adequately store and ship
all of the Ontario Hydro tritium but are unnecessarily large for
the small quantities required by the commercial tritium users.
Also, some users may prefer to receive tritium in gaseous form.
An additional, smaller container should be considered.

The licensing of overseas fusion facilities for the use of
tritium is seen as a major undertaking offering opportunities to
Canadian Fusion Fuel Technology Project to undertake health,
safety and environmental analysis on behalf of these facilities.
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1.0 INTRODUCTION

This report is an assessment of the licensing requirements which will
have to be met prior to the distribution of Canadian produced tritium
either domestically or overseas. The assessment considers present
licensing requirements and also the implications of potential changes to
licensing requirements.

2.0 DEFINITIONS

Tritium:

Prescribed Substance:

Prescribed Item:

The Board:

In this document the term is used to encompass
elemental tritium, its compound forms and their
mixtures.

The term used in the Canadian Atomic Energy
Control Act to define those radioactive materials
subject to the act. Quantities of tritium having
in excess of 1 curie of radioactivity are
designated 'Prescribed Substance'.

Is a term used in the Canadian Atomic Energy
Control Act to describe radioactive items
included in group 8 of the Export Control List
subject to the Import and Export Permits Act.

Article 8039 of the Export Control List
designates tritium, its compounds and their
mixtures in which the ratio of tritium to
hydrogen by atoms exceeds one part in 1,000.

In this report the Board refers to the Atomic
Energy Control Board.

3.0 CURRENT CANADIAN REGULATIONS

Tritium is currently subject to; the Canadian Atomic Energy Control Act
(Reference 1) as a Prescribed Substance; the Export and Import Permits
Act (Reference 2); and the Canadian rail, road, sea and air
transportation regulations.

3.1 Canadian Atomic Energy Control Act Regulations

Any quantity of tritium in excess of 1 curie is designated by the Act as
a Prescribed Substance. As a prescribed substance, no person, unless
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exempted by the Board, shall produce, mine, prospect for, refine, use
sell or possess tritium except in accordance with a license issued by the
Board.

To meet this regulation the following licenses will be required for the
recovery of tritium by the Pickering Tritium Removal System and the
subsequent use or application of the tritium;

Siting, construction and operating licenses are required and are being
sought by the Tritium Removal System Project Group. A license for the
lifetime storage at the Tritium Removal System of the total Pickering
tritium production is also being sought by the Project Group. This
latter will require the licensing of suitable storage containers and the
storage vault. Two similar container designs (one by Ontario Hydro and
one by Chalk River Nuclear Laboratories) have been designed and are being
tested at Chalk River Nuclear Laboratories for this purpose.

Use or application of the tritium recovered from the TRS will require a
license from the Board. At present there has been no action to apply for
and obtain this license. The application may require the following
information (extracted from the Act);

(a) the nature and quantity of the prescribed substance and the
purpose for which it is required;

(b) the maximum quantity of the prescribed substance likely to be
required at any one time for the purpose set out in the
application; ,

(c) a description of the premises in which the prescribed substance
is to be located and of any equipment in connection with which
it is to be used;

(d) a description of the measures to be taken to prevent theft, loss
or any unauthorized use of the prescribed substance;

(e) a description of the measures to be taken, including any plan in
case of accident, to prevent the receipt by any person of a dose
of ionizing radiation in excess of any dose specified in respect
of such person in Schedule II of the act;

(f) a description of the method of disposing of the radioactive
prescribed substance;

(g) a description of the qualifications, training and experience of
any person who is to use the prescribed substance; and

(h) any other information necessary to evaluate the application.
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A license to export tritium will not be issued unless the Board is
satisfied that the price and quantity of the prescribed substance meet
the criteria, if any, respecting price levels and quantities that may be
specified in the public interest in a direction given to the Board by the
Minister of Energy, Mines and Resources.

The jurisdiction of the Canadian Atomic Energy Control Board ends at the
borders of Canada. The prospective customer will require to obtain an
Import Permit and license to use, process and dispose of the tritium
according to the laws of his own country. These laws are, we believe,
very similar to those in effect in Canada since all are generated from
information disseminated from International Atomic Energy Agency to
countries which are Member States.

While the jurisdiction of the Board ends at the Canadian border, it is to
be anticipated that a license to export tritium will not be issued by the
Board unless full details of the intended use and ultimate disposition of
the tritium are provided.

Should there be a requirement to import tritium for the purpose of
reprocessing it to extract tritium from waste products or for its
disposal in Canada then an Import Permit will be required. The
application will again require information similar to the above.

3.2 Export and Import Permits Act

Tritium is listed under Group 8, item 8039, of the Export control List
which is part of the Export and Imports Permits Act C601 - if the ratio
of tritium to hydrogen by atoms exceeds one part in 1 000. The
requirement that tritium meet this Act is cross referenced in the Atomic
Energy Control Act by designating the tritium as a Prescribed Item.

An export permit will thus be required under this Act for export of
tritium to all destinations including the United States.

3.3 Transportation Regulations

Since 1969 the regulations of the International Atomic Energy Agency
(International Atomic Energy Agency) have been applied to ensure the safe
transportation of radioactive material in Canada. These requirements are
specified in the current rail (CTC), road (CTC), sea (IMCO) and air
(IATA) regulations and are also consolidated in Atomic Energy Control
Board Consultative Document C41 (Reference 3).

To date, Ontario Hydro's interest related to the transportation of
tritium has focused almost exclusively on the transportation of tritiated
heavy water. The current regulations relevant to the transportation of
tritium, tritiated heavy water other forms of tritium follow.
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There are three categories of packaging specified for transportation of
radioactive materials with activity levels and quantity limits applicable
to each category. The categories are; low specific activity material;
materials requiring type A packaging, materials requiring type B
packaging. An Atomic Energy Control Board package and shipment
certificate is required for the transportation of materials which require
a type B packaging. An Atomic Energy Control Board package and shipment
certificate is not required for transportation of low specific activity
materials or type A quantities of radioactive materials, but the
transport regulations do apply.

3.3.1 Low Specific Activity Material

Tritium oxide in aqueous solution up to concentration level of 5
curies/litre* (to a total quantity limit of 50,000 curies is classed as
low specific activity material and as such may be shipped in ordinary
stainless steel drums without a special licence.

Gaseous tritium in dilute form would be acceptable up to activity
concentrations of 100 curies per kg of gaseous mixture. Tritium in the
form of uranium or titanium tritide could be shipped as a low specific
activity for specific activities up to 100 curies per kilogram of metal
tritide. The transport limit on low specific activity gaseous tritium is
100 000 curies and there is no limit on low specific ?<ctivity solid form
tritium carried in a vehicle, aircraft, hold, compartment or deck area of
a seagoing vessel. These latter specific activities are so low as to be
only of interest to the commercial tritium user in allowing return of
empty containers which may remain slightly contaminated with tritium.
Package requirements for low specific activity materials are not
demanding and are given in Appendix 1 which is extracted from Atomic
Energy Control Board consultative document C41 (Reference 3). (Note:
Document C-41 is proposed Canadian regulations for packaging of
radioactive materials £ç>r transportation. These proposed regulations are
in general very similar to 1973 International Atomic Energy Agency
regulations which apply at the present time. There may be some
differences and it will be relevant to compare with the current
regulations and to check again when actual regulations are revised.)

Document C-41 recommends activity levels up to 10 curies/litre to a
maximum of 100,000 curies based on 1973 International Atomic Energy
Agency Revised Regulations.
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Material Requiring Type A Packaging

Consultative document C41 lists the

Element Symbol of
Radionuclide

Tritium T (uncompressed)*
T (compressed)*
T (activated luminous

paint)
T (absorbed on solid

carrier)
T (tritiated water)
T (other forms)

following limits

*1
(in tera-
bequerals)

40
40
40

40

40
0.7

for tritium.

A2
(in tera-
bequerals)

40 (1080 curies)
40
40

40

40
0.7 ( 19 curies

* The designation "uncompressed" refers to pressure within the
package at the time the package is closed for transportation and
means at a pressure not exceeding amb^nt atmospheric pressure
at the time and place the package is closed; the designation
"compressed" means' at a pressure exceeding ambient atmospheric
pressure at the time and place the package is closed.

A^ refers to special form radioactive material (encapsulated etcetera)
and &2 refers to non-special form radioactive material. It will be
noted that the package limits are the same for each form in the case of
tritium. The design requirements for Type A packages are given in
Schedule VIII of Consultative Document C41 which is appended in
Appendix 1. Type A packages follow the general packaging requirements
with additional features to ensure the package integrity during normal
transport conditions.

An AECB certificate is not required for each shipment made in a type A
package, but records should be kept to confirm, if requested, that the
package meets the requirements for a type A package.

Under the present regulations, it seems unlikely that type A packages
will be suitable to ship tritium to commercial users as the quantity
limit is below the quantity that most commercial users require in one
shipment. However, the package requirements are much less demanding than
type B package requirements and consideration should be given to a type A
package when more details of the commercial users and fusion facilities
requirements are known. Possible relaxation of the limit is discussed
under paragraph 4.3.
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3.3.3 Material Requiring Type B Packaging

There are two types of type B packages. Type B(M) stands for type B,
Multilateral and Type B(U) stands for type B, unilateral in International
Atomic Energy Agency regulations. Type B(M) is vented in the event of
internal overpressure and type B(U) is unvented.

These packages are designed to withstand severe transportation, accident
conditions with any resulting release of activity being within specified
limits. The design requirements for type B packages are given in
Schedule IX of Consultative Document C41 and are appended in Appendix 1.

The quantity of tritium which could be shipped in a Type B package is
unlimited. The new Ontario Hydro and Chalk River Nuclear Laboratories
storage vessels are each capable of holding 500 000 curies (50 grams) of
tritium and when enclosed in a 45 gallon drum overpack are designed to
meet the Type B package transportation regulations. Both containers are
currently being subject to the applicable tests at Chalk River Nuclear
Laboratories as part of a licensing program scheduled to take three years
to complete. It is hoped the packaged container will meet the more
stringent requirements of the Type B (U) designation. The implications
of Type B(U) versus Type B(M) are discussed in paragraph 5.2.

These containers when approved and licensed to Type B regulations will be
large enough for all forseeable applications of the tritium. Since
Canadian regulations are based on International Atomic Energy Agency
regulations our container will also be acceptable in all of the countries
of interest as potential tritium users.

The container will meet our shipping requirements, however, our
information is that most commercial tritium users (all are outside of
Canada) are restricted by their license to relatively small amounts in a
single shipment. They therefore require frequent shipments (weekly to
monthly) of the order of 10 000 - 20 000 curies. Some may also prefer to
receive the tritium in gaseous form as opposed to metal tritide. Cost of
air shipment is reported to be a problem to these users because of the
weight of the Oakridge National Laboratory containers. The French did to
have a lightweight container when they supplied tritium from Grenoble but
their commercial sales were terminated five years ago but have recently
been restarted (intermittently).

Therefore, consideration should be given to the construction and
licensing of a small light Canadian container. Since the time scale for
testing and licensing a prototype can be long, investigation of the pros
and cons of embarking on this container should be considered. This
projection should include details of shipment size and frequency.
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4.0 CHANGES TO CURRENT REGULATIONS

4.1 Atomic Energy Control Act

No changes in the Act are foreseen in the near future relating to the
designation of tritium as a prescribed substance and prescribed item.

4.2 Export and imports Act

Nc changes are known to be pending to this Act in relation to tritium.

4.3 Transport of Dangerous Goods Act

The Transport of Dangerous Goods Act, which was proclaimed in
November 1980, has given responsibility for regulations for the transport
of all hazardous materials by all modes of transport to 'Transport
Canada'. The regulations will be issued over the next few years. Where
radioactive materials are involved there will be packaging regulations
issued by the Atomic Energy Control Board (as proposed in document C-41)
and matching transport regulations issued by Transport Canada. The new
regulations, where relevant for radioactive materials, will also be based
on the International Atomic Energy Agency transport regulations.

4.4 International Atomic Energy Agency Transport. Regulations

The International Atomic Energy Agency Transport Regulations are being
reviewed and revised for issue of a new edition in 1984. Proposed
changes which are relevant for transportation of tritium are the addition
of a crush test for certain type B packages and adoption of the Q-system
for package limits.

The crush test will apply to "light weight" type B packages. Type B
packages for tritium are likely candidates for this crush test.

A Special Working Group met recently in London, England to review the new
"Q-system" which will be incorporated in the 1984 International Atomic
Energy Agency transport regulations. The "Q-system" is a new system for
determining radioactive material limits for transport packages based on
pathway models for uptake of radiation by man.

The proposals that were tabled at the above meeting were more restrictive
with respect to tritium than the current regulations. G. Dicke of
Ontario Hydro, attended the meeting and presented Ontario Hydro's
findings and recommendations with respect to transportation of tritiated
heavy water. At the conclusion of the meeting it was agreed to propose
relaxing the specific activity limit for low specific activity tritiated
water from ten Ci/L to 27 Ci/L with the vehicle limit increased from
50 000 Ci to 108 000 Ci. For a Type A package, the proposal for a
specific activity limit will likely be removed but the quantity limit
remains at 1 080 Ci. Other forms of tritium were not discussed in

detail, but values will be derived and the implication is that the limits
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will not become more restrictive. The London meeting is reported in more
detail in Reference 5.

Also, G.J. Dicke advises that the Type A value if calculated on the Q
system would be approximately 50 000 Ci. Further representations could
be made to Atomic Energy Control Board to propose this value for the 1984
International Atomic Energy Agency regulations which would make a type A
container suitable for some commercial requirements.

5.0 LICENSING IMPLICATIONS IN OTHER COUNTRIES

The countries of interest as potential users of Canadian tritium all have
domestic nuclear power programs and are Members States of the
International Atomic Energy Agency. All will thus have in place
regulations for the control of radioactive substances which will be
broadly similar to current Canadian regulations and will presumably
follow any changes applied to Canadian regulations.

5.1 Import, Export and Operating Licenses

Obtaining licenses will be the responsibility of the user. The
commercial tritium users are already licensed to receive and use tritium,
thus there should be no licensing problems to these users in having
tritium come from a different supplier. Fusion research establishments
which do not currently use tritium in significant quantities will have
licensing program to undertake. This licensing process will include
licensing of their sites and facilities and will likely require safety
and hazard analysis submissions to their Atomic Energy regulators. The
same organizations will require import licenses and transportation
licenses before being able to operate with tritium. These licensing
programs are likely to be even more onerous in countries not currently
using significant quantities of tritium (i.e., Japan and West Germany),
The Canadian Fusion Fuel Technology Project will offer assistance to such
organizations particularly in safety and hazard analysis for licensing
submissions, both to generate work for Canadian analysts and engineers,
and also to smooth the path for the subsequent use of tritium for fusion
research.

5.2 Transportation Regulations

Canadian and foreign transportation and packaging regulations are based
on International Atomic Energy Agency regulations. Thus, our containers
and procedures should be generally acceptable in those countries.

The Ontario Hydro and Chalk River Nuclear Laboratories tritium containers
are intended to be qualified as a type B(U) package. If it fails to meet
the type B(U) emissions limit under severe accident conditions it will be
registered as a type B(M) package. Type B(U) stands for type B
Unilateral (in International Atomic Energy Agency terminology) which
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implies that the package is acceptable as a type B package without
further qualification in all member states. Type B(M) stands for a type
B Multilateral which means the package will be subject to approval in a
receiving country and/ if it qualifies, will become the subject of a
Multilateral Agreement.

The implication is that more lead time will be required (1-2 years?) to
have the Canadian type B tritium package licensed in other countries if
it becomes designated as an (M) rather than (U) type B package.

6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 Licensing requirements under present regulations do not appear
to present a serious hurdle to the use or application of Ontario
Hydro tritium, but certain licenses will be required and
allowance should be made for long lead times to obtain these
licenses. The fact that regulations are continually being
revised should also be kept in mind.

6.2 If it is decided to pursue the commercial tritium user
applications then there would appear to be a need for a lighter,
smaller tritium shipping container to supplement the present
50 gram capacity ones being developed and subsequently qualified
at Chalk River Nuclear Laboratories. This would require
cost-benefit study as the design and qualification of a
container and overpack to type B package requirements is long
and expensive. The effort to have the Type A package
regulations relaxed should be pursued immediately.

6.3 The licensing of large foreign fusion facilities for tritium use
will be a major undertaking, taking many years. Ontario Hydro
should offer assistance in these licensing processes, both to
assist potential tritium customers and to bring safety analysis
work to Canada. Obtaining these licensing approvals may also
require health and safety data beyond current levels which could
lead to further R&D efforts.
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APPENDIX 1

Thé following Schedules are extracted from Atomic Energy Control Board
Consultative Document C-41, Proposed Regulations for Packaging of
Radioactive Material for Transportation (ref 3).

Schedule VII - General Design Requirements for all Packaging and
Packages (for Low Specific Activity Material).

Schedule VIII - Requirements for Type B Packages.

Schedule IX - Requirements for Type B(M) and Type B(U) Packages.
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SCHEDULE VII

General Design Requirements for all Packaging and Packages

1. The packaging is so designed that the package can be easily
handled and can be secured in or on the means of transport
during transport.

2. A package of gross weight ten kilograms or more and up to fifty
kilograms is provided with means for manual handling.

3. A package of gross weight in excess of fifty kilograms is so
designed as to enable safe handling to be done by mechanical
means.

4. The design of the packaging is such that any lifting attachment
on the package, when used in the intended manner/ does not
impose unsafe stresses on the structure of the package/ taking
into account appropriate safety factors to cover sudden lifting.

5. Any attachment/ or other feature, on the external surface of the
packaging, which could be used to lift the package, but which is
not designed to support the weight of the package in accordance
with the requirement of paragraph 4, is removable or can
otherwise be rendered inoperable for lifting and is, before
transport, removed or otherwise rendered inoperable for lifting.

6. The outer layer of packaging is designed to avoid, as far as
practicable, the collection and retention of water.

7. The external surface of the packaging is, as far as practicable,
designed and finished to be easily decontaminated of radioactive
material.

8. Any feature added to the package at the time of transport, which
is not a component part of the package, does not reduce the
safety of the package.

9. The smallest external dimension of the package is not less than
ten centimetres.
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SCHEDULE VIII

Requirements for Type A Packages

1. Conforms to the general design requirements expressed in
Schedule VII.

2. The package is sealed in such a manner that any opening of the
package is evident.

3. The external surface of the package is free of any protruding
feature.

4. The packaging can withstand variations in ambient temperatures
from seventy degrees Celsius to minus forty degrees Celsius and
is resistant to brittle fracture over this temperature range.

5. The design, fabrication and manufacturing of welded, brazed or
other fusion joints accord with generally acceptable engineering
standards.

6. The package is capable of withstanding the effects of any
acceleration, vibration or vibration resonance which may arise
during normal transport.

7. The packaging is equipped with a fastening device which can
securely close the package and which cannot be unfastened
unintentionally or by any pressure from within the package.

8. The materials, structures and components of the packaging are
physically and chemically compatible with each other and with
the package contents under normal conditions, including
irradiation.

9. The radiolytic decomposition of liquids and other vulnerable
materials and the generation of gas by chemical reaction and
radiolysis have been taken into account in the design of the
packaging.

10. The package retains its radioactive contents under a reduction
of ambient pressure to twenty-five kilopascals.

11. All valves on the package, other than pressure relief valves,
through which radioactive contents could escape are protected
against unauthorized operation and enclosed in such a manner as
to retain any leakage from the valve.
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12. Any radiation shield forming part of the package is capable of
being securely closed by a fastening device which is independent
of any other packaging structure and which cannot be unfastened
unintentionally or by any pressure from within the package.

13. Forces in tie-down attachments on the package do not, under
normal transport or accident conditions, impair the package's
conformity to these Regulations.

14. No loss or dispersal of any radioactive material nor any
increase in the maximum radiation level at the package's
external surface results if the package is subjected to normal
conditions of transport.

15. If the radioactive contents are in liquid form, no loss or
dispersal of any radioactive material nor any increase in the
maximum radiation level at the package's external surface
results if the package is subjected to the free drop and
penetration tests described in Part 1 of Schedule II.

16. ' If the radioactive contents are in liquid form of volume equal
to or less than fifty cubic centimetres, the package is securely
positioned on or within absorbent material sufficient to absorb
twice the volume of liquid contents. The relative positioning
of the package and absorbent material is such that, in the event
of leakage, any liquid content escaping from the package is
fully absorbed by the absorbent material.

17. if the radioactive contents are in liquid form of volume greater
than fifty cubic centimetres, the package is securely positioned
on or within absorbent material in the manner described in
requirement 16 above, or the package comprises an inner
containment component within which the contents are normally
contained and an outer containment component, each containment
component being designed to assure retention of the liquid
contents within the outer containment component in the event of
leakage from the inner containment component.

18. If the radioactive contents are in gaseous form, except for
tritium or argon"3' of activity, less than seventy-four
thousand gigabeguerels, no loss or dispersal of any radioactive
material nor any increase in the maximum radiation level at the
package's external surface results if the package is subjected
to the free drop and penetration tests described in Part 1 of
Schedule II.
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SCHEDULE IX

Requirements for Type B(M) and Type B(U) Packages

Type B(M) Packages

1. Conforms to the general design requirements expressed in
Schedule VII.

2. Conforms to requirements 2 to 14 inclusively in Schedule VIII.

3. When the package contains a quantity of iridium-192 sufficient
to produce a radiation level of one hundred microsieverts per
hour at one metre from the surface of the package and is
subjected to accident conditions of transport, the package
retains sufficient radiation shielding to ensure that the
radiation level at one metre from the surface of the package
does not exceed ten milisieverts per hour(1).

4. Under ambient conditions of thirty-eight degrees Celsius and
insolation corresponding to the set in Table 3 of Schedule V:

(a) heat generated within the package by the radioactive
contents does not, under normal conditions of transport,
adversely affect the package in such a way that it will, if
left unattended for a period of one week (2), fail to meet
the requirements for containment and shielding expressed in
these Regulations; and

(b) unless the package is full load, the temperature of any
accessible surface of the package does not exceed fifty
degrees Celsius in the shade.

5. Any thermal protection required to meet the requirements
expressed in paragraph 3 remains effective if the package is
subjected to normal conditions of transport and the mechanical
test described in Part 2 of Schedule 11(3).

6. Under normal or accident conditions of transport, the activity
of radioactive contents lost from the package is no greater than
the limits specified in Table 4 of Schedule V.

7. If» under normal or accident conditions of transport, the
pressure in the package could result in a stress exceeding the
minimum yield strength of any structural material of the package
at the temperature which it could reach under these conditions,
the package is equipped with a pressure relief system sufficient
to ensure that the minimum yield strength is not exceeded.
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Type B(U) Packages

1. Conforms to requirements 1/ 2, 3, 4 and 5 expressed in this
Schedule for Type B(M) packages.

2. Under normal conditions of transport, the activity of
radioactive contents lost from the package is not greater than
A2 x 10~

6 per hour(4,5).

3. Under accident conditions of transport, the activity of
radioactive contents lost from the package is not greater than
& 2 X 10"3 in a period of seven days(5).

4. The package does not incorporate a feature which is intended or
could be used to effect continuous venting during transport.

5. The package does not include a pressure relief system which
allows the release of radioactive material under normal or
accident conditions of transport.

6. Where the sum of the maximum normal operating pressure of the
package and any differential pressure below mean sea-level
atmospheric pressure to which the package may be subjected
during normal transport exceeds thirty-five kilopascal gauge,
the package is capable of withstanding a pressure of one and a
half times the sum of these pressures, and the stress on the
package at this pressure is not greater than seventy-five
percent of the minimum yield strength and not greater than forty
percent of the ultimate strength of the package at the maximum
temperature reached during transport.

7. When the package at the maximum normal operating pressure is
subjected to the thermal test described in Part 2 of
Schedule II, the pressure in any component of the packaging does
not exceed the pressure which corresponds to the minimum yield
strength of that compnent at the maximum temperature reached
during the test.

8. The package's maximum normal operating pressure is not greater
than seven hundred kilopascals gauge.

9. The maximum temperature of any package surface readily
accessible during normal transport does not exceed eighty-two
degrees Celsius in the shade during normal transport.

10. A package containing liquid radioactive material remains in
conformity with the requirements of these Regulations if the
package is subjected to a temperature of minus forty degrees
Celsius during normal transport.
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Notes

(1) Iridium-192 may be replaced as a reference source by another
radionuclide, if the package's use is restricted to that
particular radionuclide. Similarly, a neutron source may be
used as a reference source, if the package's use is restricted
to neutron emitters.

(2) Particular attention should be directed to heat effects which
may:

(a) alter the arrangement, the geometric form or the physical
state of the radioactive contents or, if the material is
enclosed in a can or receptacle, cause the can, receptacle
or material to melt;

(b) lessen the level of conformity of the packaging with the
requirements of these Regulations through differential
thermal expansion, cracking or melting of the radiation
shielding material; or

(c) in combination with moisture, significantly accelerate
corrosion.

(3) Any such protection on the exterior of the package must not be
rendered ineffective by conditions commonly encountered in
normal handling or in accidents and not simulated in the tests
referred to in this paragraph. Typical such conditions are
ripping, cutting, skidding, abrasion or rough handling.

(4) This evaluation must take into account any non-fixed radioactive
material on the external surface of the package.

(5) Compliance with these limits may not be achieved through
reliance upon a filter or a mechanical cooling system. The A2
values for noble gases are those for the uncompressed state.
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