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CATEGORIES OF IAEA SAFETY SERIES

From 1978 onwards the various publications in the Safety Series are divided into
four categories, as follows:

(1) IAEA Safety Standards. Publications in this category comprise the Agency’s 
safety standards as defined in “The Agency’s Safety Standards and Measures” , 
approved by the Agency’s Board of Governors on 25 February 1976 and set 
forth in IAEA document INFCIRC/18/Rev. 1. They are issued under the 
authority of the Board of Governors, and are mandatory for the Agency’s 
own operations and for Agency-assisted operations. Such standards 
comprise the Agency’s basic safety standards, the Agency’s specialized 
regulations and the Agency’s codes of practice. The covers are distinguished 
by the wide red band on the lower half.

(2) IAEA Safety Guides. As stated in IAEA document INFCIRC/18/Rev. 1, 
referred to above, IAEA Safety Guides supplement IAEA Safety Standards 
and recommend a procedure or procedures that might be followed in 
implementing them. They are issued under the authority of the Director 
General of the Agency. The covers are distinguished by the wide green band 
on the lower half.

(3) Recommendations. Publications in this category, containing general 
recommendations on safety practices, are issued under the authority of 
the Director General of the Agency. The covers are distinguished by the 
wide brown band on the lower half.

(4) Procedures and Data. Publications in this category contain information on 
procedures, techniques and criteria pertaining to safety matters. They are 
issued under the authority of the Director General of the Agency. The 
covers are distinguished by the wide blue band on the lower half.

Note: The covers o f  publications brought out within the framework o f  the 
NUSS (Nuclear Safety Standards) Programme are distinguished by the wide 
yellow band on the upper half.
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FOREWORD
This publication is an updated version of the Second Edition of the Explanatory 

Material for the IAEA Regulations for the Safe Transport of Radioactive Material 
(1985 Edition) and replaces all previous versions of Safety Series No. 7. This publi
cation includes the changes to Safety Series No. 7 contained in the Regulations for 
the Safe Transport of Radioactive Material, 1985 Edition, Supplement 1988, as well 
as modifications adopted by the Review Panel that was convened in Vienna, 
10-14 July 1989.

For the convenience of the user, the old Safety Series style adopted in the origi
nal publication has been retained, although the old style has now been superseded 
by a new one, affecting the structure, the format and the cover of the Safety Series. 
It should be noted, however, that future editions will be published in the new style.
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Section I
INTRODUCTION

DEFINITIONS FOR THE PURPOSE OF THE REGULATIONS 

Aj and A2

E-110. See Appendix I.

Approval

E-113.1. The approval requirements in the Regulations have been graded according 
to the hazards posed by the radioactive material to be transported. For example, most 
shipments of radioactive material are of small quantities for which routine controls 
are adequately specified in the Regulations, and therefore minimum review and 
approval requirements apply. Such shipments and the associated packages, usually 
Excepted, Industrial Type or Type A (except for fissile shipments), require no 
special approvals by the competent authorities of the countries through which the 
shipments must pass. When the quantities of radioactive material in a single package 
are large, i.e. greater than the Type A limits, the package must be designed to with
stand accident conditions in transport. The package design and construction then 
become more important and must satisfy additional requirements; the Regulations 
therefore require that the competent authority of the country of origin of a Type B(U) 
package design independently review that design to ensure its adequacy. Should a 
Type B package not satisfy all regulatory requirements specified for Type B(U) 
packages, multilateral approval of the package design is imposed, and this package 
is denoted as a Type B(M) package. Furthermore, when the quantity of radioactive 
material in a single Type B(M) package becomes very large, e.g. 3000 times the 
Type A limits, the potential consequences of the loss of package integrity become 
sufficiently large for the Regulations to require a review and approval of the ship
ment itself, with an assessment of the need for special precautions and special 
administrative or operational controls. This multilateral review is required of the 
competent authority of each country through or into which the consignment is to be 
transported. Such review by responsible officials is intended to provide assurance 
that the controls required for safety are practical for the country and for the circum
stances of the particular shipment. Since transport operations and conditions vary 
between countries, application of the ‘multilateral approval’ approach provides the 
opportunity for each competent authority to satisfy itself that the shipment is to be 
properly performed, with due account taken of any peculiar national conditions.

1
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E-113.2. More specifically, multilateral approval is required in order to provide 
adequate levels of safety with respect to:
(a) A package containing fissile materials which exceed limits specified for excep

tion purposes (paras 560 and 710), and also with respect to shipment of such 
packages where the sum of the transport indexes of the individual packages 
exceeds 50 (para. 716(c));

(b) A package which is designed to other than the standard range of environmental 
temperature conditions, so that the competent authority for each country 
through or into which the shipment will pass has the opportunity to examine 
the adequacy of the controls relative to the proposed environmental tempera
ture range (para. 707);

(c) A package which is designed to allow controlled intermittent venting during 
transport (i.e. to relieve internal pressure buildup) and the shipment of such 
packages (paras 707 and 716(a));

(d) A packaging manufactured to a design under the provisions of either the 1967, 
1973 or 1973 (As Amended) Editions of the Regulations (paras 713 and 714);

(e) A shipment which does not satisfy all applicable requirements of the Regula
tions and therefore requires special arrangement (para. 720);

(f) A shipment of a Type B(M) package containing large quantities of radioactive 
material (para. 716(b));

(g) Radiation protection programmes for shipments by special use vessels (para. 
716(d)).

E-113.3. The concept of multilateral approval applies, of course, to transport as it 
is intended to occur. This means that only those competent authorities through whose 
jurisdiction the shipment is scheduled to be transported are involved in its approval. 
Unplanned deviations which occur during transport and which result in the shipment 
entering a country where the transport had not previously been approved would need 
to be handled individually. For this reason the definition of multilateral approval is 
limited to countries “ through or into which the consignment is transported” and 
specifically excludes countries over which the shipment may be transported by 
aircraft. It would be unrealistic to require approval from all countries flown over by 
an aircraft, if a landing in those countries is not anticipated. Indeed, the countries 
that will be flown over are often not known until the aircraft is in the air and receives 
an air traffic control clearance. If an aircraft is scheduled to stop in a country, 
however, multilateral approval includes approval by the competent authority of that 
country.
E-l 14. Unilateral approval involves only the competent authority of the country of 
origin of the design of a special form radioactive material or a Type B(U) package 
designed for non-fissile material. In these cases, it is believed that the Regulations 
clearly take into account the transport conditions which may be encountered in any
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country. Consequently, only approval by the competent authority of the country of 
origin of the design is required.

Contamination

E-122.1. Radioactive contamination may give rise to exposure of persons through 
the following pathways:

— External irradiation,
— Inhalation of airborne radioactive material,
— Ingestion of radioactive material, either direcdy or indirectly.

E-122.2. Below levels of 0.4 Bq/cm2 (10~5 /*Ci/cm2) for beta and gamma emitters 
and for low toxicity alpha emitters (see also para. E-408.2), or 0.04 Bq/cm2 
(10~6 /iCi/cm2) for all other alpha emitters, contamination, through any of these 
pathways, can only give rise to insignificant exposure.,
E-123. Fixed contamination can only give rise to exposure through external 
irradiation.
E-124. Non-fixed contamination can give rise to exposure through any or all of the 
various pathways.

Exclusive use

E-128.1. The special features of an ‘exclusive use’ shipment are, by definition, first 
that a single consignor must make the shipment and, through arrangements with the 
carrier, must have sole use of the conveyance (or large freight container with a 
minimum length of 6 m); and second, that all initial, intermediate and final loading 
and unloading of the consignment are carried out only in strict accordance with direc
tions from the consignor or consignee. The 6 m minimum length is a practical 
consideration in that a 6 m freight container is the smallest now considered as being 
equivalent to a separate conveyance.
E-128.2. Since ordinary in-transit handling of the consignment under exclusive use 
will not occur, some of the requirements which apply to normal shipments can be 
relaxed. In view of the additional control which is exercised over exclusive use 
consignments, specific provisions have been made for them which allow:

— Use of a lower integrity industrial package type for LSA materials;
— Shipment of packages with radiation levels exceeding 2 mSv/h (200 mrem/h) 

at the surface or a transport index exceeding 10;
— Increase by a factor of two in the total number of transport indexes for fissile 

material packages in a number of cases.
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Many consignors find that it is advantageous to make the necessary arrangements 
with the carrier to provide transport under exclusive use so that the consignor can 
utilize one or more of the above provisions.
E-128.3. In the case of packaged LSA materials the Regulations take into account 
the controlled loading and unloading conditions which result from transport under 
exclusive use. The additional controls imposed under exclusive use are to be in 
accordance with instructions prepared by the consignor or consignee (both of whom 
have full information on the load and its potential hazards), allowing some reduction 
in packaging strength. Because the uncontrolled handling of the packages is elimi
nated under exclusive use, the conservatism which is embodied in the normal LSA 
packaging requirements regarding handling has been relaxed, but equivalent levels 
of safety are to be maintained.
E-128.4. Packages which may be handled during transport must necessarily have 
their allowable radiation levels limited to protect the workers handling them. The 
imposition of exclusive use conditions and control of handling during transport 
enhances the control over loading and unloading so that proper radiation protection 
precautions may be provided. By imposing restrictions and placing a limit on the 
allowable radiation levels around the vehicle and in the driver’s area, the allowable 
radiation level of the package may be increased without increasing significantly the 
hazard level.
E-128.5. Since exclusive use controls effectively prevent the unauthorized addition 
of radioactive materials to a consignment and provide a high level of control over 
the consignment by the consignor, allowances have been made in the Regulations to 
authorize more fissile material packages than for ordinary consignments.

Fissile material

E-129.1. Most nuclides can be made to fission, but many can only be made to 
fission with difficulty using special equipment and controlled conditions. The 
distinguishing characteristic of the fissile nuclides named in the definition is that they 
are capable of initiating a self-sustaining neutron chain reaction by only the accumu
lation of sufficient mass. No other action, mechanism, or special condition is 
required. Plutonium-238 in the form in which it is encountered in transport does not 
have this property. Although plutonium-238 can be made to support a fast neutron 
chain reaction under stringent laboratory conditions, it cannot under any circum
stances maintain a chain reaction carried by thermal neutrons. Plutonium-238 is, 
therefore, ‘fissionable’ rather than ‘fissile’. However, since the former term is not 
recognized in the Regulations, plutonium-238 is classed as ‘fissile’.
E-129.2. Although other fissile materials are known (e.g. some actinides), the defi
nition of fissile material includes only those fissile radionuclides which are either
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known to be available or are likely to become available for transport in significant 
quantities relative to criticality safety. As such, this definition is different from that 
of ‘special fissionable material’ given in the IAEA Statute.

Freight container

E -l30. The methods and systems employed in the trans-shipment of goods have 
undergone a transformation since about 1965; the freight container has largely taken 
the place of parcelled freight or general cargo which was formerly' loaded 
individually. Packaged as well as unpackaged goods are loaded by the consignor into 
freight containers and are transported to the consignee without intermediate 
handling. In this manner, the risk of damage to packages is reduced, unpackaged 
goods are consolidated into conveniently handled units and transport economies are 
realized. In the case of large articles such as contaminated structural parts from 
nuclear power stations, the container may perform the function of the packaging, but 
must be qualified as such.

Low specific activity material

E-131.1. In the earlier version of the Regulations (1973 Edition) low specific 
activity material (LSA) was restricted to the uniformly distributed dispersible 
materials which had been included in even earlier versions (1967 Edition) plus two 
new categories of solid objects with:

— Low levels of non-fixed radioactive contamination on their surfaces;
— Low levels of fixed radioactive contamination on their surfaces.

A new definition was added in the Regulations (1973 Edition) of low level solid 
radioactive material (LLS) which included solid or solidified materials:

— In which the radioactivity was distributed throughout up to a level 20 times 
higher than for LSA dispersible materials;

— Which were contaminated with fixed radioactive contamination on their 
surfaces up to a level 20 times higher than the similar provisions under the LSA 
definitions.

After some years of experience, proposals were made for the 1985 Edition of the 
Regulations to divide these materials in a different way. The contaminated solid 
objects were identified as ‘surface contaminated objects’ (SCO) while materials 
which were radioactive throughout with a low specific activity retained the 
terminology ‘low specific activity material’ (LSA).
E -l31.2. Consideration was given to the possibility of shipping solid objects 
without any packaging. The question arose for concrete blocks (containing radio
activity throughout the mass), for irradiated objects and for objects with fixed
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contamination. Under the condition that the specific activity is relatively low and 
remains in the object either by activation or on the object as fixed contamination on 
its surface, the object can be dealt with as a package. For the sake of consistency 
and safety, the radiation limits at the surface of the unpackaged object should not 
exceed the normal limits for packaged material. Therefore, it was considered that 
above the limits of surface radiation levels for packages (2 mSv/h for non-exclusive 
use and 10 mSv/h for exclusive use), the object must be packaged in a strong indus
trial package which assures shielding retention in routine transport. Similar argu
ments were made for establishing surface contamination levels for unpackaged SCO.
E-131.3. The preamble to the LSA definition does not include the unshielded radia
tion level limit of 10 mSv/h (1 rem/h) at 3 m (para. 422) because it is a property 
of the quantity of material placed in a single package rather than a property of the 
material itself (although in the case of solid objects which cannot be divided, it is 
a property of the solid object).
E-131.4. The preamble also does not include wording relative to the essentially 
uniform distribution of the radionuclides throughout the LSA material. In 
considering actual materials shipped as LSA, it was decided that the degree of 
uniformity of the distribution should vary depending upon the LSA category. The 
degree of uniformity is thus specified, as necessary, for each LSA category (see, for 
example, para. 131 (c)(i)).
E-131.5. A new entry, namely LSA-I, was included in the 1985 Edition of the 
Regulations to describe very low specific activity materials. These materials may be 
shipped unpackaged or they may be shipped in IP-1 packagings which are designed 
to minimal requirements (para. 134(b)(1)).
E-131.6. The materials expected to be transported as LSA-II could include nuclear 
reactor process wastes which are not solidified, such as lower activity resins and 
filter sludges, absorbed liquids and other similar materials from reactor operations, 
and similar materials from other fuel cycle operations. In addition, LSA-II could 
include many items of activated equipment from the decommissioning of nuclear 
plants. Since LSA-II materials could be available for human intake after an accident, 
the specific activity limit is based upon an assumed uptake by an individual of 10 mg. 
Since the LSA-II materials are recognized as being clearly not uniformly distributed 
(e.g. scintillation vials, hospital and biological wastes, and decommissioning 
wastes), the allowed specific activity is significantly lower than that of LSA-HI. The 
factor of 20 lower allowed specific activity as compared to the limit for LSA-III 
compensates for localized concentration effects of the non-uniformly distributed 
material.
E-131.7. While some of the materials considered to be appropriate for inclusion in 
the LSA-III category would be regarded as essentially uniformly distributed (such 
as concentrated liquids in a concrete matrix), other materials such as solidified resins
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and cartridge filters are distributed throughout the matrix but are uniformly 
distributed to a lesser degree. The solidification of these materials as a monolithic 
solid which is insoluble in water and non-flammable makes it highly unlikely that 
any significant portion of it will become available for intake into a human body. The 
recommended standard is intended to specify the lesser degree of uniformity 
required.
E-131.8. The provisions for LSA-III are intended principally to allow the transport 
of irradiated reactor parts or equipment which exceed the irradiation level allowed 
under LSA-I. While the unshielded radiation level limit of 10 mSv/h (1000 mrem/h) 
at 3 m from the surface (para. 422) will often rule out the unpackaged shipment of 
the more highly activated solid objects (such as control rods, in-core instruments, 
fuel guides, grid plates and thermal shields from decommissioned nuclear reactors), 
either prolonged radioactive decay or the use of shielding and a strong industrial 
package may allow shipment as LSA-III.
E-131.9. The 1973 Edition of the Regulations included as LSA those materials 
which could be reduced in volume during transport as a result of dissolution in water, 
followed by recrystallization, precipitation, evaporation, combustion, abrasion, etc. 
This potential volume reduction and the resulting increase in specific activity were 
considered to apply in particular to liquids. The specific activity limit for LSA-II 
liquids of 10 -5 A2/g does not require taking into account the various possibilities of 
specific activity increase which could occur, but instead is a factor of 10 more 
restrictive than for solids.
E-131.10. See also Appendix I.

Maximum normal operating pressure
E-132.1. Maximum normal operating pressure (MNOP) is the maximum pressure 
within a containment system of a package that is unattended for one year under 
normal environmental conditions. The unattended condition is characterized as the 
absence of venting, external cooling by an ancillary system, operational control or 
corrective action during transport. The one year period exceeds the expected transit 
time for a package containing radioactive material; besides providing a substantial 
margin of safety in relation to routine conditions of transport, it also addresses the 
possibility of loss of a package in transit. The one year period is arbitrary but has 
been agreed upon as a reasonable upper limit for a package to be given up as lost 
or remain unaccounted for in transit.
E-132.2. The MNOP is a design parameter that distinguishes Type B(U) packages 
for which there is a limit of 700 kPa (para. 554) from Type B(M) packages and other 
packages. It is also the initial pressure for Type B(U) packages when evaluated for 
the ability to withstand normal conditions and accident conditions in transport 
(para. 553).
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Overpack

E -l33. By packing various packages, each of which fully complies with the require
ments of the Regulations, into one overpack the carriage of a consignment from one 
consignor to one consignee may be facilitated. Specific requirements for the over
pack are not necessary, since it is the packaging, not the overpack, which performs 
the protective function.

Package

E-134. The terms package and packaging are used to differentiate between the 
assembly of components for containing the radioactive materials (packaging), and 
this assembly of components plus the radioactive contents (package).

Packaging

E-135. See para. E-134.

Radioactive material

E -l39. The Regulations apply only to material having a specific activity exceeding 
70 kBq/kg (2 nCi/g), in order to avoid bringing within the scope of the Regulations 
many substances, often naturally occurring, which contain insignificant amounts of 
radioactivity, and which, if transported, pose no significant hazard.

Special form radioactive material

E. 142.1. The Regulations are based on the premise that the potential hazard 
associated with the transport of radioactive material is dependent on four important 
parameters:

— The radiotoxicity of the radionuclide;
— The total amount of activity contained within the package;
— The physical form of the radionuclide;
— The potential external radiation levels.

E-142.2. The Regulations acknowledge that radioactive material in an indispersible 
form or sealed in a strong metallic capsule presents a minimal contamination hazard, 
although the direct radiation hazard still exists. Material protected in this way from 
the risk of dispersion during accident conditions is designated as ‘special form radio
active material’.
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Surface contaminated object
E-144.1. A differentiation is made between two categories of surface contaminated 
objects, in terms of their contamination level, and this defines the type of packaging 
to be used to transport these objects. The levels of contamination presently allowed 
as per Table III of the Regulations provide adequate flexibility for the unpackaged 
shipment of SCO-I objects or the shipment of them in industrial packaging (IP-1). 
Because of the higher level of non-fixed contamination permitted on objects 
classified as SCO-II, such objects require the higher standard of containment 
afforded by industrial packaging IP-2.
E-144.2. The SCO-I model used as justification for the limit for fixed contamination 
of 104 times the non-fixed contamination limits is based on the following scenario. 
Objects considered to be included in this category are those parts of nuclear reactors 
or other fuel cycle machinery which have come in contact with primary or secondary 
coolant or process waste which has contaminated their surface with mixed fission 
products. Allowable fixed contamination is 4 x  104 Bq/cm2 (1 piCi/cm2). A large 
object with a surface area of 100 m 2 would contain a total activity of up to
4 x  1010 Bq (1 Ci). During routine transport this object can be shipped unpackaged 
in exclusive use transport, but a special tie-down restriction is required to ensure that 
the SCO-I object cannot move in such a way that the fixed contamination is scraped 
from its surface, and so as to prevent other cargo from scraping against the SCO-I 
object. In an accident, the tie-down would be broken and 20% of the surface of the 
SCO-I object would be scraped by other packages or objects or through its own 
movement. From the area scraped, 20% of the fixed contamination would be freed, 
allowing a total radioactivity to be available for damage to persons of 1.6 GBq 
(40 mCi) of mixed fission products. It was considered that an accident severe enough 
to cause a tie-down device to fail would be more severe than one that causes failure 
of a Type A package, so that instead of having 10-3 of the scraped radionuclides of 
the SCO-I solid object taken into the body of a person in the vicinity of the accident, 
live persons would be further away and would take up only 10~5 of the available 
material. This would provide a level of safety equivalent to that offered by the 
Type A package concept.
E-144.3. The model for the SCO-II solid object is parallel to that for SCO-I, except 
that there may be 20 times as much fixed surface contamination. A strong industrial 
package is required for the SCO-II case, which was thought sufficient to reduce the 
amount of contamination scraped from the surface from 20% to 1%, thereby 
preserving the total availability of radionuclides and, as a result, providing a level 
of safety equivalent to that offered by the Type A package concept. The presence 
of 10 times more non-fixed contamination within the strong industrial package has 
little effect on this model.
E-144.4. See paras E-131.1 and E-131.2.
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Tank

E-145.1. The lower capacity limit of 450 litres (1000 litres in the case of gases) is 
included to achieve harmonization with Chapter 12 of the United Nations 
Recommendations [1],
E-145.2. In the 1988 Supplement, para. 145 is modified to include solid contents 
in tanks where such contents are placed in the tank in liquid or gaseous form and 
subsequently solidified prior to transport (for example, UF6).

Transport index
E-146.1. The transport index performs many functions in the Regulations 
(para. 146), including providing the basis for the carrier to segregate radioactive 
materials from persons, undeveloped film, and other radioactive material consign
ments, to ensure criticality safety, and to limit the level of radiation exposure to 
members of the public and transport workers during transport and in-transit storage.
E-146.2. In order to simplify the carrier requirements, both criticality and/or 
external radiation levels are controlled by the single transport index. Provided that 
the TIs are properly assigned, the limits on total TIs in any one group of packages 
are observed and the segregation distances are maintained, both radiation and nuclear 
criticality safety can be achieved without requiring the carrier to have a detailed 
knowledge of the package contents.
Unirradiated thorium
E-148. The term ‘unirradiated thorium’ in the definition of low specific activity 
material is intended to exclude any thorium which has been irradiated in a nuclear 
reactor so as to transform some of the thorium-232 into uranium-233, a fissile 
material. The definition could have prohibited the presence of any uranium-233, but 
all naturally occurring thorium contains trace amounts of uranium-233. The limit of 
10-7 g of uranium-233 per gram of thorium-232 is intended to clearly prohibit any 
irradiated thorium while recognizing the presence of trace amounts of uranium-233 
in all natural thorium.

Unirradiated uranium

E-149. The term ‘unirradiated uranium’ is intended to exclude any uranium which 
has been irradiated in a nuclear reactor so as to transform some of the uranium-238 
into plutonium-239 and some of the uranium-235 into fission products. The defini
tion could have prohibited the presence of any plutonium or fission products, but all 
naturally occurring uranium contains trace amounts of plutonium and fission 
products. The limits of 10 6 g of plutonium per gram of uranium-235 and 9 MBq

10

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



(0.20 mCi) of fission products per gram of uranium-235 are intended to clearly 
prohibit any irradiated uranium while recognizing the presence of trace amounts of 
plutonium and fission products in all natural uranium. The defined terms in 
paras 149 and 150 have been combined in para. 131(a)(ii) to prescribe acceptable 
forms of LSA-I.

Uranium — natural, depleted, enriched

E-150. See para. E-149.
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Section II
GENERAL PROVISIONS

E-201.1. The general principles for radiation protection are based on the recom
mendations of the International Commission on Radiological Protection (ICRP) [2] 
and are consistent with the Agency’s Basic Safety Standards for Radiation Protec
tion, Safety Series No. 9 [3]. In recent years major reviews have been performed 
of the basic standards for radiation protection. The 1985 Edition of the Regulations 
takes account of these recently promulgated international standards.
E-201.2.' The system of dose limitation is summarized as follows:

— No practice shall be adopted unless its introduction produces a positive net 
benefit (justification of the practice).

— All exposures shall be kept as low as reasonably achievable, economic and 
social factors being taken into account (optimization of radiation protection).

— The dose to individuals shall not exceed the limits for the appropriate 
circumstances.

The dose limits are introduced as limiting conditions constraining the justification 
and optimization procedures, rather than permissible values to be used without 
optimization for the purposes of planning and design. A summary of dose equivalent 
limits is given in Table E-I.
E-201.3. In practical radiological protection there is a need to provide standards 
associated with quantities other than the basic dose equivalent limits. Standards of 
this type are normally known as secondary or derived limits. When such limits are 
related to the primary limits of dose equivalent by a defined model, they are referred 
to as derived limits (DLs).
E-201.4. Examples of DLs in the Regulations include the maximum activity limits 
A] and A2, maximum levels for non-fixed contamination, radiation levels at the 
surfaces of packages and in their proximity, and segregation distances associated 
with the transport index. The Regulations stress the importance of assessment and 
measurement to ensure that standards are being complied with.
E-202. In the past, practical radiological protection was concerned mainly with 
ensuring compliance with ‘dose limits’, with less regard being paid to the other 
principles. In the currently recommended system of dose limitation more emphasis 
is placed on justification of a practice and optimization of radiation protection.

RADIATION PROTECTION
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TABLE E-I. SUMMARY OF DOSE EQUIVALENT LIMITS FOR 
INDIVIDUALS IN mSv AND (IN BRACKETS) rem [3]

Workers Members of 
the public

Effective dose equivalent 50 (5) 5 (0.5)
Annual dose equivalent to 
skin, hands, forearms, 
feet, ankles and any 
other single organ or 
tissue other than the 
lens of the eye

500 (50) 50 (5)

Annual dose equivalent to 
the lens of the eye

150 (15) 50 (5)

E-204. The values of 5 mSv (500 mrem), 15 mSv (1500 mrem) and 50 mSv 
(5000 mrem) used in subparas 204(a), 204(b) and 204(c) are respectively one tenth 
and three tenths of the primary limit and the primary limit itself for occupational 
exposure. These values have no biological basis but are reference levels derived from 
experience, representing reasonable dividing lines between conditions where dose 
limits could be approached and conditions where they are unlikely to be approached.

E-205.1. The dose levels of 5 mSv (500 mrem) per year for transport workers and 
1 mSv (100 mrem) per year to the critical group for members of the public are 
specifically defined limiting values to be used for the purposes of calculating segre
gation distances or dose rates in regularly occupied areas. Controlling the dose to 
these levels will provide reasonable assurance that actual doses from the transport 
of radioactive materials will be well below the appropriate annual dose limits.
E-205.2. The annual effective dose equivalent limit of 50 mSv (5 rem) for workers 
(see Table E-I) established in para. 411 of Safety Series No. 9 [3] applies to all 
exposure from radioactive sources (other than natural radiation and medical use of 
radiation) to which workers may be exposed. Since an individual may receive 
exposure from many sources, only a fraction of the above limit can be applied to 
any one activity. Therefore, the dose level of 5 mSv (500 mrem), which is 10% of 
the limit for all activities, is defined as a limiting value for transport workers for the 
purposes of calculating segregation distances or dose rates in regularly occupied 
areas.
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E-205.3. Similar arguments to those set forth in para. E-205.2 were also considered 
in connection with the limiting dose level for members of the public, and accordingly 
an annual dose limit of 1 mSv (100 mrem) is required to be applied to them (see 
para. 205(b)). It should also be noted that the ICRP has recommended the value of 
1 mSv a year as a principal limit for members of the public (Statement from the 1985 
Paris meeting of the ICRP).

Provision for avoiding radiation damage to film

E-206.1. Fast X ray films, when exposed to doses exceeding 0.15 mSv (15 mrem) 
of gamma radiation, may show slight fogging after development. This could interfere 
with the proper use of the film and provide incorrect diagnostic interpretation. Other 
types of film are also susceptible to fogging although the doses required are much 
higher. Since it would be impracticable to introduce segregation procedures which 
varied with the type of film, the provisions of the Regulations are designed to restrict 
the exposure of undeveloped films of all kinds to a level of not more than 0.1 mSv 
(10 mrem) during any journey from consignor to consignee.
E-206.2. It is recognized that the use of mSv (mrem), when applied to film, is 
technically incorrect; however, it has been used in this case to employ the same unit 
for radiation exposure for protecting persons and film.

EMERGENCY RESPONSE

E-207. The standards prescribed by the Regulations, when complied with by 
package designer, consignor, carrier and consignee, ensure a very high level of 
safety for the transport of radioactive material. However, accidents involving such 
packages may happen. Paragraph 207 recognizes that advance planning and prepara
tion are required to provide a sufficient and safe response to such accidents. The 
response, in most cases, will be similar to the response to radiation accidents at fixed 
site facilities. Thus, it is required that relevant national or international organizations 
establish emergency procedures, and that in the event of a transport accident 
involving radioactive materials, these procedures be followed.
E-208. The radioactive hazard may not be the only potential hazard posed by the 
contents of a package of radioactive material. Other hazards may exist, including 
pyrophoricity, corrosivity or oxidizing properties; or, if released, the contents may 
react with the environment (air, water, etc.), in turn producing hazardous 
substances. It is this latter phenomenon which para. 208 addresses so as to ensure 
proper safety from chemical (i.e. non-radioactive) hazards, and specific attention is 
drawn to uranium hexafluoride (UF6) because of its propensity to react, under 
certain conditions, both with humidity in the air and with water to form hydrogen 
fluoride and uranyl fluoride (HF and U 0 2F2).
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QUALITY ASSURANCE

E-209.1. In most instances, the transport of radioactive materials involves a number 
of different people carrying out a variety of different activities and utilizing a wide 
range of equipment. Since safety in transport depends primarily on package 
integrity, it also (directly or indirectly) depends upon these people, the quality of 
their actions, the equipment they use and the way each performs.
E-209.2. For the first time quality assurance requirements have been prescribed 
specifically in the Regulations. It is becoming increasingly necessary to formalize 
quality assurance procedures and programmes and particularly necessary to 
harmonize international standards of quality assurance so that compliance with 
regulatory requirements can be achieved and adequately demonstrated.
E-209.3. Any systematic evaluation and documentation of performance judged 
against regulatory requirements is a form of quality assurance. A disciplined 
approach to all activities affecting quality, including, where appropriate, verification 
of satisfactory performance and/or implementation of appropriate corrective actions, 
provides evidence that the required quality has been achieved.
E-209.4. The Regulations do not prescribe detailed quality assurance programmes 
because of the wide diversity of operational needs and the somewhat differing 
requirements of the competent authorities of each Member State. However, a frame
work within which all quality assurance programmes may be based is provided. The 
degree of detail and depth of examination to be implemented as part of the quality 
assurance programme, whether in design, testing, safety analysis or administrative 
arrangements, are dependent on the potential hazards of individual transport 
operations.
E-209.5. The probability of non-compliance with regulatory requirements may be 
reduced or eliminated by the disciplined development and implementation of quality 
assurance programmes.

COMPLIANCE ASSURANCE

E-210.1. As used in the Regulations, the term ‘compliance assurance’ has a very 
broad meaning which includes all of the measures applied by a competent authority 
which are intended to ensure that the provisions of the Regulations are actually met 
in practice. Ideally, the principal goals of a systematic programme of compliance 
assurance measures are:

— To determine and record the degree of regulatory compliance by the users of 
the Regulations;
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— To verify and ensure the continued effectiveness of the Regulations in achiev
ing safety in the transport of radioactive materials;

— To provide feedback to the regulatory process as a basis for improvements to 
the Regulations and the compliance assurance programme.

E-210.2. Thus far, the development and adoption of transport safety regulations, 
based on the IAEA Regulations, have been carried out by most Member States and 
all international transport organizations. Compliance has been self-evident in many 
Member States. In the past, however, development and implementation of systematic 
compliance assurance programmes have often lagged behind the actual adoption of 
the Regulations.
E-210.3. The purpose of the Regulations is to establish standards which will 
provide an acceptable level of safety for persons, property and the environment 
during the transport of radioactive material. In other words, if the Regulations are 
complied with, safety will be achieved. Compliance assurance programmes of 
competent authorities provide a systematic programme of measures intended to 
ensure that users of the Regulations are complying with all applicable aspects of the 
Regulations pertaining to the material being transported. An effective compliance 
assurance programme should include measures related to:

— Review and assessment, including the issuance of approval certificates,
— Inspection and enforcement,
— Emergency response.

E-210.4. In order to ensure the adequacy of special form radioactive material 
(para. 142) designs and certain package designs, the competent authority is required 
to assess these designs (para. 701). In this way the competent authority can ensure 
that the designs meet the regulatory requirements and that the requirements are 
applied in a consistent manner by different users. When required by the Regulations, 
shipments are also subject to review and approval in order to ensure that adequate 
arrangements are made for transport operations.
E-210.5. It is necessary for the competent authority to perform audits and inspec
tions as part of its compliance assurance programme in order to confirm that the 
users are meeting all the requirements of the Regulations and are observing their 
quality assurance programmes. Inspections are also useful in identifying instances of 
non-compliance which may need either corrective or enforcement action.
E-210.6. An essential part of any compliance assurance programme is a system for 
enforcement of regulatory compliance with overall goals, essentially:

— To foster compliance by the users of the Regulations,
— To obtain corrective action on non-compliance by users,
— To deter future non-compliance,
— To encourage improvement in users’ programmes.
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The primary purpose of an enforcement programme is not to carry out punitive 
action, but to foster compliance with the Regulations.
E-210.7. Since the Regulations include requirements for emergency provisions 
during the transport of radioactive materials (see para. 207), a compliance assurance 
programme should include activities pertaining to emergency planning and prepared
ness and to emergency response when needed. These activities should be incor
porated into the appropriate national emergency plans. The appropriate competent 
authority should also ensure that consignors and carriers have adequate emergency 
plans.
E-210.8. A compliance assurance programme is effectively implemented if its 
scope and objectives are conveyed to all parties involved in the transport of radioac
tive materials, i.e. designers, manufacturers, consignors and carriers. Therefore 
compliance assurance programmes should include provisions for information 
dissemination and for ensuring that adequate training is provided. The major aims 
to be achieved by such programmes are:

— To inform users about the way the competent authority expects them to comply 
with the Regulations;

— To inform users in a timely way about new developments in the regulatory 
field;

— To ensure that all users have well qualified and trained staff, capable of bearing 
the responsibilities imposed on them.

SPECIAL ARRANGEMENT

E-211.1. In general the Regulations aim to provide a uniform adequate level of 
safety which is commensurate with the inherent hazard presented by the radioactive 
material being transported. To the extent feasible, necessary safety features are 
required to be built into the design of the package, thereby maximizing the contribu
tion to safety by the consignor, who is knowledgeable about the materials being 
shipped and the package being utilized. By placing primary reliance on the package 
design and preparation, the need for any special actions during carriage, i.e. by the 
carrier, is minimized. The overall level of safety which is achieved can be considered 
as the summation of these respective contributions, i.e. overall safety equals safety 
due to design plus safety due to operational controls.
E-211.2. The intent of para. 211 is consistent with similar provisions in the earlier 
editions of the Regulations. Indeed, the Regulations have, from the earliest edition 
in 1961, permitted the transport of consignments not satisfying all the specifically 
applicable requirements, but this can only be done under special arrangement. 
Special arrangement is based on the requirement that the overall level of safety
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resulting from additional operational control must be shown to be at least equivalent 
to that which would be provided had all applicable provisions been met. Because the 
‘standard’ requirements are not being satisfied, each special arrangement must be 
specifically approved by all competent authorities involved (i.e. multilateral 
approval is required).
E-211.3. The concept of special arrangement is intended to give flexibility to 
consignors to propose alternative safety measures effectively equivalent to those 
prescribed in the Regulations. This makes possible both the development of new 
controls and techniques to satisfy the existing and changing needs of industry in a 
longer term sense and the use of special operational measures for particular consign
ments where there may be only a short term interest. Indeed, the role of special 
arrangement as a possible means of introducing and testing new safety techniques 
which can later be assimilated into specific regulatory provisions is also vital as 
regards the further development of the Regulations.
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Section III
ACTIVITY AND FISSILE MATERIAL LIMITS

BASIC A,/A2 VALUES

E-301. The activity limitation on the contents of Type A packages for any radionu
clide or combination of radionuclides is derived on the basis of radiological conse
quences which are deemed to be acceptable, within the principles Of radiological 
protection, following failure of the package after an accident. The contents may be 
in a physical form regarded as being either dispersible or non-dispersible following 
failure of the package. The potential resultant radiological hazards can arise either 
from incorporation of radioactivity into the body or from external radiation, and 
whichever is the more restrictive will determine the allowable activity limits on 
package contents. The limits for non-dispersible (special form) and dispersible 
material are known as the A, and A2 values, respectively. The A! and A2 values for 
each radionuclide are subsequently used as a measure of radiological risk in other 
aspects of package design criteria, including leakage from Type B packages or limits 
on total contents of conveyances. The method of deriving A! and A2 values is given 
in Appendix I. The primary values are given in TBq; approximate values in Ci are 
given only for information.

DETERMINATION OF A, AND A2

E-302. General activity limits may be used for radionuclides to which specific A! 
or A2 values have not been assigned. These limits are listed in Table II of the 
Regulations.
E-305. In the case of mixtures of radionuclides where the identity is known but the 
relative proportions are not known in detail, a simplified method to determine the 
A! and A2 values is given. This is particularly useful in the case of mixed fission 
products, which will almost invariably contain a proportion of transuranic nuclides. 
In this case the grouping would simply be between alpha emitters and other emitters, 
using the most restrictive of the respective A! or A2 values for the individual 
nuclides within each of the two groups. Knowledge of the total alpha activity and 
remaining activity is necessary to determine the activity limits on the contents. Using 
this method for the particular fission product mixture present, it is possible to 
account for both the risk from transuranic elements and that from the fission products 
themselves. The relative risks will depend upon the origin of the mixture, i.e. the 
fissionable nuclide origin, the irradiation time, the decay time and possibly the 
effects of chemical processing.
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E-306. Table II provides fall-back data for use in the absence of known data. The 
values used represent a judgement between selection of the lowest possible values 
within the alpha or beta/gamma subgroups taking into account the likelihood of the 
presence of the most restrictive individual radionuclides and the need to avoid undue 
pessimism.

CONTENTS LIMITS FOR PACKAGES 

Excepted packages

E-309. Articles manufactured of natural or depleted uranium are by definition 
LSA-I and hence would normally have to be transported in an industrial package 
Type 1 (IP-1). However, provided the materials are contained in a sheath to prevent 
oxidation or abrasion they may be transported in excepted packages. The sheath 
would also absorb all alpha radiation, reduce the beta radiation levels and reduce the 
potential risk of internal contamination.
E-310. See para. E-415.4.

Industrial packages

E-311. The total activity in a single package containing either LSA material or SCO 
is restricted indirectly by requiring that the radiation level from the unshielded 
package contents not exceed 10 mSv/h (1000 mrem/h) at 3 m distance. This cor
responds approximately to the external radiation level limit used in deriving the 
A, values (see para. E-422 and Appendix I). The restriction was imposed because, 
in the case of an accident, the shielding integrity of the package may be lost.

Type A packages

E-312. The contents of a Type A package are limited to restrict the potential radia
tion doses if the package is damaged in an accident (see para. E-301 and Appendix I).

Packagings containing fissile m aterial

E-315. Alterations in the fissile contents, in either quantity, identity, form, arrange
ment, physical or chemical state, or changes in the packaging itself, could adversely 
affect the neutron multiplication factor and invalidate the transport index of the 
package. Fulfilment of the conditions set forth in the certificate of approval for a 
package is necessary for the package to be transported since the criticality safety 
assessment performed on the package, as part of the approval process, is specific to 
a range of parameters, which are indicated in the approval certificate.
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Section IV
PREPARATION, REQUIREMENTS AND CONTROLS FOR 

SHIPMENT AND FOR STORAGE IN TRANSIT

PACKAGE INSPECTION REQUIREMENTS 

Before the first shipment

E-401. For ensuring safe transport of radioactive material, general provisions for 
quality assurance (para. 209) and compliance assurance (para. 210) have been estab
lished in the Regulations. Specific inspection requirements to assure compliance for 
those packaging features which have a major bearing on the integrity of the package 
and on radiation and nuclear criticality safety have also been established. These 
requirements cover inspections both prior to the first shipment and prior to each ship
ment. The requirements in para. 401 relating to shielding, containment, heat transfer 
and neutron poison characteristics of specific packagings were determined to be 
those important design/fabrication features related to safety which need to be verified 
at the end of fabrication, prior to use.

Before each shipment

E-402. In addition to the inspection requirements imposed on certain packages prior 
to their first use (para. 401), certain other inspection requirements are to be satisfied 
prior to each use of certain packagings to enhance compliance and assure safety. 
These requirements include inspection to ensure that only proper lifting attachments 
are used during shipment, and verification that requirements in approval certificates 
3re complied J^ith and thermal and pressure stability have been demonstrated. In all 
cases these requirements are deemed necessary to reduce the possibility of having 
an unsafe package shipped in the public domain, and are aimed at prevention of 
human error.

TRANSPORT OF OTHER GOODS

E-404. The purpose of this requirement is to prevent radioactive contamination of 
other goods.
E-406. Dangerous goods may react with one another if allowed to come into 
contact. This could occur, for instance, as a result of leakage of a corrosive substance 
or an accident causing an explosion. To minimize the possibility of radioactive
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material packages losing their containment integrity owing to the interaction of the 
package with other dangerous goods, they should be kept segregated from other 
dangerous cargo during transport or storage. The extent of segregation required is 
usually established by individual States or the cognizant transport organizations 
(International Maritime Organization (IMO), International Civil Aviation Organiza
tion (ICAO), etc.).

OTHER DANGEROUS PROPERTIES OF CONTENTS

E-407. The requirements of para. 407 were established because the Regulations 
deal only with protection from the radiological hazards of radioactive material. 
Protection from other hazards is regulated by the provisions specified by the other 
international transport organizations, generally based on the United Nations 
Recommendations [1], and/or the provisions adopted by individual States. If radioac
tive substances having other dangerous properties are transported, the relevant provi
sions covering these subsidiary hazards should also be complied with to ensure 
safety.

REQUIREMENTS AND CONTROLS FOR CONTAMINATION AND FOR 
LEAKING PACKAGES

E-408.1. The Regulations prescribe maximum levels (derived limits) of non-fixed 
contamination on the surfaces of packages. These limits correspond to values 
generally accepted for laboratories and plant working areas and are thus conservative 
in the context of transport packages where exposure time and handling time for trans
port workers are likely to be very much less than for laboratory or active plant 
workers (e.g. personnel at nuclear power plants).
E-408.2. Certain low toxicity alpha emitters are classed together with beta and 
gamma emitters in the table of derived limits of non-fixed contamination on surfaces. 
The logic which allows the identification of low toxicity alpha emitters, consistent 
with the Basic Safety Standards for Radiation Protection, is based on the specific 
activity of the radioisotope (or the radioisotope in its as-shipped state) and not its 
Annual Limit of Intake (ALI) value. For an isotope with a very low specific activity, 
its reference intake cannot, because of its bulk, reasonably approach its ALI value. 
The radioisotopes uranium-235, uranium-238 and thorium-232 have specific activi
ties 4 to 8 orders of magnitude lower than plutonium-238 and plutonium-239 
(4 x  103 to 8 X 104 Bq/g as compared with 2 X 109 to 6  X 1011 Bq/g). Although 
thorium-228 and thorium-230 have specific activities comparable to those of 
plutonium-238 and plutonium-239, they are only allowed as ‘low toxicity alpha
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TABLE E-II. SPECIFIC ACTIVITY AND ALI VALUES FOR SOME ALPHA 
EMITTERS

Specific activity 
(Bq/g)

Limiting ALIa 
(Bq)

Low toxicity
U-235 8.0 x 104 2000
U-238 1.2 x 104 2000
Th-228b 3.0 x 1013 400
Th-230b 7.6 x 10® 200
Th-232 4.0 x 103 40

Not low toxicity
Pu-238 6.3 x 10" 200
Pu-239 2.3 x 109 200

a From the 1982 Edition of IAEA Safety Series No. 9 [3], 
b In ores and concentrates only.

emitters when contained in ores and physical or chemical concentrates’, which inher
ently provides for the low specific activities required. The specific activity values 
and inhalation ALI values for the ‘low toxicity’ radioisotopes are compared with 
those for plutonium-238 and plutonium-239 in Table E-DL
E-408.3. The limits of non-fixed contamination on surfaces for excepted packages 
are lower than for other packages containing radioactive material, a change which 
was introduced in the 1985 Edition of the Regulations. This change was made in view 
of the limited administrative controls and the absence of externally visible warning 
labels for excepted packages. The reduction of non-fixed contamination levels for 
excepted packages to 0.4 Bq/cm2 for beta, gamma and low toxicity alpha emitters 
and to 0.04 Bq/cm2 for other alpha emitters brings the level to that commonly 
accepted for uncontrolled situations [4, 5].
E-414. While it is normally good practice to decontaminate a conveyance as quickly 
as possible so that it can be used for transporting other substancees, there are situa
tions, e.g. transport of uranium or thorium ores, where conveyances are essentially 
dedicated to the transport of unpackaged radioactive materials and are continually 
contaminated. In the case of the transport of LSA material and SCO, where the 
practice of using dedicated conveyances is common, an exception to the need for
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quickly decontaminating these conveyances, or overpacks or freight containers, if 
applicable, is provided for as long as the conveyances, overpacks or freight 
containers remain in that dedicated use. Decontamination of these surfaces after 
every use could lead to unnecessary exposure of workers. On the other hand the 
external surfaces, which are continually being exposed to the environment, and 
which are generally much easier to decontaminate, should be decontaminated to 
below the applicable limits after each use.

REQUIREMENTS AND CONTROLS FOR TRANSPORT OF EXCEPTED 
PACKAGES

E-415.1. In the 1973 Revised Edition (As Amended) of the Regulations, packagings 
containing very small quantities of radioactive material were denoted as ‘items 
exempt from the prescriptions’, and the quantities allowed in such packagings were 
denoted as ‘exemption limits’. However, these packages, which commonly became 
known as ‘exempt packages’, were not truly exempt from all the prescriptions of the 
Regulations — the general design requirements for all packages and other controls 
during transport and storage were applicable.
E-415.2. During the revision process which led to the 1985 Edition of the Regula
tions, it was agreed to change the nomenclature to indicate that these packages are 
‘excepted from further prescriptions (or requirements)’ but are not exempt from all 
requirements, and to clearly give the name ‘excepted packages’ to this class of 
packages.
E-415.3. Excepted packages are packages in which the allowed radioactive content 
is restricted to such low levels that the potential hazards are insignificant and 
therefore no testing is required with regard to containment or shielding integrity.
E-415.4. For movement by post, the allowed levels of radioactivity are only one 
tenth of the levels allowed for excepted packages by other modes of transport, for 
the following reasons:
(a) The possibility exists of contaminating a large number of letters, etc., which 

would subsequently be widely distributed, thus increasing the number of 
persons exposed to the contamination.

(b) This further reduction would result in a concurrent reduction in the maximum 
radiation level of a source which has lost its shielding, and this is considered 
to be suitably conservative in the postal environment in comparison with other 
modes of transport.

(c) A single mailbag might contain a large number of such packages.
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E-416.1. The requirement that the radiation level at the surface of an excepted 
package must not exceed 5 ^Sv/h (0.5 mrem/h) was established in order to ensure 
that any radiation dose to members of the public will be insignificant and that 
sensitive photographic material will not be damaged.
E-416.2. It is generally considered that radiation exposures not exceeding 0.15 mSv 
(15 mrem) do not result in unacceptable fogging of undeveloped photographic film. 
A package containing such film would have to remain for more than 20 hours in 
contact with an excepted package having the maximum radiation level on contact of
5 /iSv/h (0.5 mrem/h) in order to receive the prescribed radiation dose limit of 
0.1 mSv (10 mrem); see paras E-206.1 and E-206.2.
E-416.3. By the same argument special segregation from persons is not necessary. 
Any radiation dose to members of the public will be insignificant even if such a 
package is carried in the passenger compartment of a vehicle.
E-417. The limits of non-fixed radioactive contamination on any external surface 
of an excepted package are one tenth of those permitted for the transport of other 
packages containing radioactive material. These lower limits are based on the 
following considerations: (1) there are large numbers of excepted packages shipped 
from single locations in the distribution of medical and consumer items; (2) the 
packaging for this purpose is generally used once only, so very low contamination 
levels are readily achievable; and (3) there is no external evidence that an excepted 
package contains radioactive material. Measurement of non-fixed radioactivity at 
these low levels can be achieved in practice.
E-418.1. The basic limits for radioactive material contents of excepted packages are 
such that the radioactivity hazard associated with a total release of contents is 
consistent with the hazard from a Type A package releasing part of its contents (see 
Appendix I).
E-418.2. Limits other than the basic limits are allowed where the radioactive 
material is enclosed in or forms a component part of an instrument or other manufac
tured article where an added degree of protection is provided against escape of 
material in the event of an accident. The added degree of protection is assessed in 
most cases as a factor of 10, thus leading to limits for such items which are 10 times 
as high as the basic limits. The factor of 10 used in this and the other variations from 
the basic limits are pragmatically developed factors.
E-418.3. The added degree of protection is not available in the case of gases so that 
the item limits for instruments and manufactured articles containing gaseous sources 
remain the same as the limits for excepted packages containing gaseous material not 
enclosed in an instrument or article.
E-418.4. Packaging reduces both the probability of the contents being damaged and 
the likelihood of radioactive material in solid or liquid form escaping from the
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package. Accordingly, the excepted package limits for instruments and manufac
tured articles incorporating solid or liquid sources have been set at 100 times the item 
limits for individual instruments or articles.
E-418.5. With packages of instruments and articles containing gaseous sources, the 
packaging may still afford some protection against damage, but it will not signifi
cantly reduce the escape of any gases which may be released within it. The excepted 
package limits for instruments and articles incorporating gaseous sources have 
therefore been set at only 10 times the item limits for the individual instruments or 
articles.
E-419.1. The basic activity limit for non-special form solid material which may be 
transported in an excepted package is 10"3 A2. This limit for an excepted package 
was derived on the basis of the assumption that 100% of the radioactive contents 
could be released in the event of an accident. The maximum radioactivity released 
in such an event, i.e. 10~3 A2, is comparable to the fraction of the contents assumed 
to be released from a Type A package in the dosimetric models used for determining 
A2 values (see Appendix I).
E-419.2. In the case of special form solid material, the probability of release of any 
dispersible radioactive material is very small. Thus, if radiotoxicity were the only 
hazard to be considered, much higher activity limits could be accepted for special 
form solid materials in excepted packages. However, the nature of special form does 
not provide any additional protection where external radiation is concerned. The 
limits for excepted packages containing special form material are therefore based on 
A] rather than A2. The basic limit selected for special form solid material is
10-3 Aj. This limits the external dose equivalent rate from unshielded special form 
material to one thousandth of the rate used to determine the A! values.
E-419.3. For gaseous material, the arguments are similar to those for solid material 
and the basic excepted package limits for gaseous material are therefore also 
10“3 A2 for non-special form and 10 '3 A] for special form material. It is to be noted 
that in the case of elemental gases the package limits are extremely pessimistic 
because the derivation of A2 already embodies an assumption of 100% dispersal 
(see Appendix I).
E-419.4. Tritium gas has been listed separately because the actual A2 value for 
tritium is much greater than the 40 TBq (1000 Ci), which is an arbitrary maximum 
for A2 values. The value of 2 x  10“2 A2 is conservative in comparison with other 
gases even when allowing for conversion of tritium to tritiated water.
E-419.5. In the case of liquids, an additional safety factor of 10 has been applied 
because it was considered that there is a greater probability of a spill occurring in 
an accident. The basic excepted package limit for liquid material is therefore set 
at 10”4 A2.
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E-420. Because of the low hazard potential involved, a manufactured article in 
which the sole radioactive material is natural uranium, depleted uranium or natural 
thorium may be transported as an excepted package provided that the outer surface 
of the uranium or thorium is enclosed in an inactive sheath made of metal or some 
other substantial material. This provision allows aircraft counterweights made of 
depleted uranium coated with an epoxy resin, the uranium shielding encased in metal 
in shipping containers, and X ray and empty gamma ray radiography and medical 
treatment devices incorporating depleted uranium shielding to be transported as an 
excepted package. The inactive sheath, which must cover all readily accessible 
external surfaces of the uranium or thorium, is required in order to absorb alpha 
radiation and to reduce the beta radiation level at the surface of the material. The 
inactive sheath may also control the oxidation of the uranium or thorium and the 
consequent buildup of loose contamination on the surface of such items.

Additional requirements and controls for transport of empty packagings
E-421. Empty packagings which once contained radioactive material may be trans
ported as excepted packages since they present little hazard provided they are 
conscientiously cleaned to remove loose contamination, are in good condition and 
are securely resealed.

REQUIREMENTS AND CONTROLS FOR TRANSPORT OF LSA MATERIAL 
AND SCO IN INDUSTRIAL PACKAGES OR UNPACKAGED

E-422. The concentrations included in the definitions of LSA material and SCO are 
such that, if packaging were lost, currently allowed materials can produce radiation 
levels in excess of those deemed acceptable for Type A packages under accident 
circumstances. Since industrial packages used for transporting LSA material and 
SCO are not required to withstand transport accidents, a provision was initiated in 
the 1985 Edition of the Regulations to limit package contents to the amount which 
would create an external radiation level at 3 m from the unshielded material or object 
of 10 mSv/h (1 rem/h). This limits accident consequences associated with LSA 
material and SCO to essentially the same level as that associated with Type A 
packages, where the Ai value is based on the unshielded contents of a Type A 
package creating radiation levels of 100 mSv/h (10 rem/h) at a distance of 1 m. 
E-426. The higher the potential hazards of LSA material and SCO, the greater the 
integrity of the package has to be. In assessing the potential hazards, the physical 
form of the LSA material has been taken into account.
E-427. Conveyance activity limits for LSA material and SCO have been specified, 
taking the potential hazards into account. Special attention has been given to the 
greater hazards presented by combustible solids, liquids and gases in the event of an 
accident.

27

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



DETERMINATION OF TRANSPORT INDEX (TI)

E-428.1. The Regulations require that the transport index (TI) for radiation 
exposure control be determined using radiation level measurements at 1 m from the 
external surface of the package and that the TI be calculated using the maximum 
value measured. This procedure was also used in the 1961 and later in the 1973 and 
1973 (As Amended) Editions. The 1964 and 1967 Editions required that the 
measurement be made at 1 m from the centre of the package or, if any overall dimen
sion of the package exceeded 2 m, the TI was to be determined using the maximum 
of either the radiation level at the surface at the end of the long axis of the package 
or the radiation level at a distance of 1 m perpendicular to the long axis of the 
package. Measuring the radiation level at 1 m from the surface of the package is a 
simpler and more readily enforceable procedure.
E-428.2. In the case of large dimension loads where the contents cannot be reasona
bly treated as a point source, radiation levels external to the loads do not decrease 
with distance as the inverse square law would indicate. Since the inverse square law 
forms the basis for segregation distance tables, some mechanism must be added for 
large dimension loads to compensate for the fact that radiation levels at distances 
from the load greater than 1 m would be higher than the inverse square law would 
indicate. The requirement of para. 428(b), which in turn imposes the multiplication 
factors in Table VII, provides the mechanism to make the assigned TI correspond 
to radiation levels at greater distances.
E-428.3. In the past the TI for radiation control has been the radiation level 
expressed in mrem/h. With the introduction of the SI system of radiation units into 
the Regulations, the basic unit of measurement became the sievert, which differs by 
a factor of one hundred from the old established unit, the rem (1 Sv =  100 rem). 
In order to retain the original TI value and avoid confusion in situations where trans
port workers are familiar with the numbers used in accordance with previous editions 
of the Regulations, it was necessary to redefine the TI based on radiation exposure 
control in terms of millisieverts per hour (mSv/h) in such a way that the numerical 
value of the TI for the same package is identical in both old and new systems. Thus 
the TI for radiation control is the radiation level at a distance of 1 m from the surface 
of a package expressed in mSv/h multiplied by 100; or alternatively, it is the radia
tion level at a distance of 1 m expressed in mrem.
E-429. Initially, in the Regulations, carrier control over hazards associated with 
radioactive material was provided by requiring that packages in a single vehicle be 
so restricted that the cumulative TI of all the packages did not exceed 50. This prin
ciple was used to limit the total radiation external to the packages permitted on a 
single vehicle. The 50 times TI principle has been extended to provide control over 
the criticality hazards of fissile radioactive materials. The designer of a fissile

28

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



material package determines how many packages of the same design could be stacked 
together under optimum conditions for criticality and still remain subcritical. Factors 
of safety are applied and the number N (see para. 567) is calculated. To provide 
carrier control to limit the number of packages in a single vehicle or group, the 
number N is divided into the number 50 to calculate the minimum TI to be applied 
to the package (the TI may be higher owing to external radiation levels). By limiting 
the cumulative TI of all packages to 50, the carrier will have limited the total number 
of packages to not more than the number N.
E-430.1. In the case of non-rigid overpacks, the TI may only be determined as the 
sum of the TIs of all packages contained. This simple procedure is necessary because 
the dimensions of the overpack are not fixed and radiation level measurements at 
different times may give rise to different results. This procedure ensures adequate 
protection of transport workers against radiation.
E-430.2. For rigid overpacks and freight containers the simpler procedure of adding 
the TIs reflects a conservative approach as the sum of the TIs of the packages 
contained in a rigid overpack or a freight container may be higher than the TI of the 
freight container obtained by measurement.

Additional requirements for overpacks

E-431. Since for rigid overpacks it is allowed to determine the TI by measurement 
of the radiation level, it is not permitted to carry in an overpack packages of fissile 
material for which the TI for nuclear criticality control exceeds 0.

LIMITS ON TRANSPORT INDEX AND RADIATION LEVEL FOR PACKAGES 
AND OVERPACKS

E-432. In order to comply with the general requirements for nuclear criticality 
control and radiation protection, limits are set for the maximum TI and the maximum 
external surface radiation level for packages and overpacks. In the case of transport 
under exclusive use, these limits may be exceeded because of the additional opera
tional controls (see also paras E-128.1 to E -l28.5).
E-433. See para. E-432.
E-434. See para. E-432.

CATEGORIES

E-435.1. The radiation level limits inherent in the definition of the categories have 
been derived on the basis of assumed package/cargo handling procedures, exposure
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times for transport workers and exposure times for photographic film (see paras
E-205.1, E-205.2 and E-206.1). Historically these were derived as follows [6]:
(a) 0.005 mSv/h (0.5 mrem/h) at surface

This surface limit was derived, not from consideration of radiation effects on 
man, but from the more limiting effect on undeveloped photographic film. 
Evaluation of the effect of radiation on sensitive X ray film in 1947 showed 
that threshold fogging would occur at an exposure of 0.15 mSv (15 mrem) and 
a limit was set in the 1961 Regulations of 0.1 mSv (10 mrem) linked to a nomi
nal maximum exposure time of 24 hours. In later editions of the Regulations 
(1964, 1967, 1973 and 1973 (As Amended)), the 24 hour period was rounded 
to 20 hours and the limiting dose rate of 0.005 mSv/h (then 0.5 mrem/h) was 
taken as a rounded-down value to provide protection to undeveloped film for 
such periods of transport. This dose rate was applied as a surface limit for 
category I-WHITE packages which would ensure there being little likelihood 
of radiation damage to film or unacceptable doses to transport personnel, 
without need for segregation requirements.

(b) 0.1 mSv/h (10 mrem/h) at 1 m
For the purposes of limiting the radiation dose to film and man the dose of 
0.1 mSv discussed in (a) above was combined with the exposure rate at 1 m 
from the package and an exposure time of one hour to give the 10 times TI 
limitation of the 1964, 1967 and 1973 Editions of the Regulations (10 ‘radia
tion units’ in the 1961 Edition). This was based upon an assumed transit time 
of 24 hours and the conventional separation distance of 4.5 m (15 feet) 
between parcels containing radium in use by the US Railway Express 
Company in 1947. The above limitation would yield a dose of 0.115 mSv 
(11.5 mrem) at 4.5 m (15 feet) in 24 hours.

(c) 2 .0 mSv/h (200 mrem/h) at surface
A separate limit of 2.0 mSv/h (200 mrem/h) at the surface was applied in addi
tion to the limit explained in (b) above on the basis that a transport worker 
carrying such packages for 30 minutes a day, held close to the body, would 
not exceed the then permissible dose of 1 mSv (100 mrem) per 8 hour working 
day. While such doses are no longer acceptable, the assumption of close bodily 
contact for such periods will usually be pessimistic, as will also the assumption 
that many packages will be ‘close to the limit’. In this respect it is important 
to note that all editions of the Regulations have included requirements to the 
effect that periodic assessments are made to ensure that relevant dose limits are 
not exceeded. The responsibility for this task rests with the competent 
authority, as specified in the 1985 Edition of the Regulations. The requirement 
is extended to ensure that all exposures are kept as low as reasonably achiev
able (para. 203).
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To some extent, these assumptions are imprecise in the same way as actual measure
ments with radiation monitoring instruments may be imprecise. The adequacy of 
the current radiation level limits, in terms of radiological safety, has, however, 
been confirmed by a number of surveys where radiation exposure of transport 
workers has been determined [7-13] and by an assessment performed by the IAEA 
in 1985 [14].
E-435.2. Packages and overpacks are assigned to one of the categories I-WHITE,
II-YELLOW or IH-YELLOW to assist in providing proper stowage separation. The 
applicable category is determined by the TI and the radiation level at any point on 
the external surface of the package or overpack. In certain cases the upper limit for 
the TI, and for the surface radiation level, may be in excess of what would normally 
be allowed for packages or overpacks in the highest category, i.e. III-YELLOW. In 
such cases the Regulations require that the consignment be transported under exclu
sive use conditions.

MARKING, LABELLING AND PLACARDING 

M arking

E-436. Packages exceeding 50 kg mass are likely to be handled by mechanical 
rather than manual means and require marking of the gross mass to facilitate 
mechanical handling, and observance of floor loading and vehicle loading limits. To 
be useful in this respect, the marking is required to be legible and durable.
E-437. Although no competent authority approval is required for Type A packages 
not containing fissile material, marking the outside of a packaging with “ Type A ” 
signifies that the design has been made in accordance with the performance criteria 
in the Regulations and that the designer and/or consignor is satisfied that the package 
characteristics are adequate. Therefore, the designer and/or consignor should be in 
a position to demonstrate this to any cognizant competent authority. This marking 
assists in the inspection and enforcement activities of the competent authorities. The 
marking would also provide, to the knowledgeable observer, valuable information 
in the event of an accident.
E-438.1. All Type B(U), Type B(M) and fissile material package designs require 
competent authority approval. Markings on such packages aim at providing (a) a link 
between the individual package and the corresponding national competent authority 
design approval (identification mark), and (b) information on the kind of competent 
authority design approval (Type B(U), Type B(M) or fissile). Furthermore, the 
marking of the package with “ Type B(U)”  or “ Type B(M)” provides, to the 
knowledgeable observer, valuable information in the event of an accident.
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E-438.2. The marking of a serial number is required because operational quality 
assurance and maintenance activities are oriented towards each packaging and the 
corresponding need to perform and verify these activities on an individual packaging 
basis. The serial number is also necessary for the competent authority’s compliance 
assurance activities and for application of paras 713 and 714.
E-439. It is essential to ensure that a package can be positively identified as carrying 
radioactive material. The trefoil symbol provides the means of identification.

Labelling

E-440.1. Packages, overpacks, tanks and freight containers can be characterized as 
handling or cargo units. Transport workers need to be made aware of the contents 
when such units carry radioactive materials and need to know that potential 
radiological hazards exist. The labels provide that information by the trefoil symbol, 
the colour and the category (I-WHITE, II-YELLOW or III-YELLOW). It is neces
sary to be able to identify (a) the precise radiological hazard associated with the 
content of the cargo unit and (b) the storage and stowage provisions which may be 
applicable to such units.
E-440.2. The radioactive material labels used form part of a set of labels used inter
nationally to identify the various classes of dangerous goods. This set of labels has 
been established with the aim of making dangerous goods easily recognizable from 
a distance by means of symbols. The specific symbol chosen to identify cargo units 
carrying radioactive materials is the trefoil (see Fig. 1 of the Regulations).
E-440.3. The content of a cargo unit may, in addition to its radioactive properties, 
also be dangerous in other respects, e.g. corrosive or inflammable. In these cases 
the regulations pertaining to this additional hazard must be adhered to. This means 
that, in addition to the radioactive material label, other relevant labels need to be 
displayed on the cargo unit.
E-440.4. Bearing in mind the intent of the labels it is clear that any label fixed to 
a cargo unit must be indisputably related to the contents of the unit. This label must 
be the correct one, and it must not be displayed when no such hazard is attributable 
to the cargo unit.
E-441. Labels need to be affixed to packages and overpacks on two opposite sides, 
so that at least one label is visible irrespective of how the package or overpack is 
placed. For tanks or freight containers the labels need to be displayed on all four 
sides in order to ensure that a label is visible without people having to search for 
it and to minimize the chance of its being obscured by other units or cargo.
E-442.1. In addition to identifying the radioactive properties of the contents the 
labels also carry more specific information regarding the contents, i.e. the name of
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the nuclide, or the most restrictive nuclides in the case of a mixture of radionuclides, 
and the corresponding activity. This information is important in the event of an inci
dent or accident where content information may be needed to evaluate the hazard.
E-442.2. Yellow labels also show the TI of the cargo unit (i.e. package, overpack, 
tank and freight container). The TI information is essential in terms of storage and 
stowage in that it is used to control the accumulation and assure proper separation 
of cargo units. The Regulations prescribe limits on the total sum of TIs in such 
groups of cargo units. (See Table XI of the Regulations.)

Placarding

E-443. Placards, which are used on large freight containers and tanks (and also road 
and rail vehicles — see para. 467), are designed in a similar way to the package 
labels (although they do not bear the detailed information of TI, contents and 
activity) in order to clearly identify the hazards of the dangerous goods. Displaying 
the placards on all four sides of the freight containers and tanks ensures ready recog
nition from all directions. The size of the placard is intended to make it easy to read, 
even at a distance. To prevent the need for an excessive number of placards and 
labels, an enlarged label only may be used on large freight containers and tanks 
where the enlarged label also serves the function of a placard.
E-444. The display of the United Nations Number can provide information, in a 
general manner, on the hazard characteristics of the radioactive material transported. 
This information is important in the case of incidents or accidents resulting in leakage 
of the radioactive material in that it assists those responsible for emergency response 
to determine proper response actions.

Design of labels and placards
E-445. Labels and placards used to identify dangerous goods and their respective 
hazards are, for all classes of dangerous goods, designed in accordance with a 
standard format. Symbols such as the trefoil for radioactive materials are used to 
draw attention to the particular hazard presented by the dangerous goods. Through 
this system of standardized and internationally agreed label and placard designs, 
assurance is provided that any hazard characteristics can be readily understood and 
interpreted, in both national and international transport of radioactive materials.

CONSIGNOR’S RESPONSIBILITIES

E-446. Since the consignor prepares the package for transport, the consignor is 
identified as being responsible for labelling, marking and placarding.
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Particulars of a consignment

E-447.1. Particulars of a consignment are to be given in transport documents in 
order that proper knowledge of the consignment is available to those who have an 
interest in it. The list in para. 447 enables the consignor to record the regulatory 
requirements and serves as a checklist on what needs to be stated. It enables the 
carriers to know what the consignment consists of so that they can take appropriate 
action in the course of their duties. The consignees are also made aware of what they 
are to receive.
E-447.2. Particular attention is drawn to para. 447(o), which requires that, for a 
multiple consignment in a freight container or overpack, each consignment or over
pack have its own appropriate transport documents. This enables the multiple 
consignment to be properly separated at a point of intermediate unloading for onward 
transport to the separate destinations and for each consignment and overpack to 
retain its proper transport documents.
E-447.3. In the event of a transport incident or accident the particulars of the 
consignment would be of value to the emergency services.
E-447.4. A list of the proper shipping names and the corresponding United Nations 
Numbers has been included in Appendix I of the Regulations with a view to 
achieving harmony with other current regulations for the safe transport of dangerous 
goods.
E-447.5. The purpose of indicating the proper shipping name and the United 
Nations Number of the material or article in the documentation accompanying a 
consignment is to ensure that the material or article may be readily identified during 
the transport operation. Practical considerations prohibit the listing of all radioactive 
materials and articles by their correct technical name. Therefore, many radioactive 
consignments have to be offered for shipment under one of the generic or N.O.S. 
(not otherwise specified) entries, in which case neither the entry itself nor its 
corresponding United Nations Number can provide sufficient information about the 
material or article to ensure that appropriate response action is initiated in the event 
of an accident involving the consignment. Thus, for the purpose of documentation, 
these entries have to be supplemented with additional particulars in accordance with 
para. 447.

TRANSPORT

Segregation during transport
E-460. To ensure that radiation exposures to persons and undeveloped photographic 
film remain in accordance with the principles of paras 205 and 206, specific attention
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has been drawn to this need. Section IV deals with controls during transport, and 
in this context it is necessary to take specific steps to ensure that the principles are 
translated into actions with which carriers can easily comply. The Regulations do not 
specifically do this since the conditions of carriage are very dependent on the mode 
of transport; the international transport organizations are in a better position to 
prescribe specific requirements and to reach the appropriate audience.

Stowing for transport

E-463.1. Some Type B packages of radioactive materials may give off heat. This 
is a result of radiation energy being absorbed in the components of the package and 
converted into heat energy which is transferred to the surface of the package and 
thence to the ambient air. In such cases, heat dissipation capability is designed into 
the package and represents a safe and normal condition. However, carriers must be 
careful not to reduce the heat dissipation capability of the package by covering the 
package or overstowing or close-packing it with other cargo which may act as 
thermal insulation. When packages of radioactive materials give off significant heat, 
the consignor is required to provide the carrier with instructions on the proper 
stowage of the package.
E-463.2. Studies have shown that if the rate of generation of heat within a package 
is small (corresponding to a surface heat flux of less than 15 W /m2), it can be dissi
pated by conduction alone and the temperature will not exceed 50 °C even if the 
package is completely surrounded by bulk loose cargo. The air gaps that always exist 
between packages allow sufficient dissipation to occur by air convection.
E-465.1. There are two primary reasons for limiting the accumulation of packages 
in groups, or in conveyances and freight containers. When packages are placed in 
close proximity to each other, control must be exercised to:
(a) Prevent the creation of higher than acceptable radiation levels as a result of the 

additive effects of radiation from the individual packages.
(b) Prevent nuclear criticality by limiting neutron interaction between packages 

containing fissile material. Restriction of the sum of the TIs to 50 in any one 
group of packages (100 under exclusive use) and the 6 m spacing between 
groups of packages provide this assurance.

E-465.2. The external radiation field from packages containing fissile material may 
consist of neutron and gamma radiation. Neutrons emitted from a package and inter
acting with neighbouring packages have been considered in the evaluation of the 
package establishing the assigned TI. The TI for fissile packages takes into account 
the number of packages which may be safely transported together. Limiting the 
number of TIs for packages containing fissile material to 50 for non-exclusive use 
and 100 for exclusive use (where the consignor exercises full control over the
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shipment) effectively prevents the accumulation of packages in a conveyance to 
numbers which may present a criticality concern.
E-466. See para. E-432.

Additional requirements relating to transport by rail and road

E-467. See paras E-443 and E-444.
E-468. See para. E-444.
E-469. See paras E-128.1 to E-128.5.

Additional requirements relating to transport by vessels

E-471. Even when holds or defined deck areas are reserved for packages containing 
radioactive materials, the duration of sea journeys and the possibility of access by 
the ship’s crew are such that the relaxation allowed for exclusive use by road and 
rail is not acceptable. However, to allow exclusive use vehicles to be carried in 
vessels, provision is made for these to be transported under special arrangement. The 
restrictions applied in the special arrangement should minimize access so as to limit 
the radiation dose and also ensure involvement by the competent authority.

Additional requirements relating to transport by air

E-474.1. The special conditions of air transport would result in an increased level 
of hazard in the case of the types of packages described in para. 474. There may 
be a considerable reduction in ambient air pressure at the cruising altitudes of 
aircraft. This is partially compensated for by a pressurization system, but that system 
is never considered to be 100% reliable.
E-474.2. If venting were permitted, this would increase considerably as the outside 
pressure is reduced and it would be difficult to design for this to occur safely. 
Ancillary cooling and other operational controls would be difficult to ensure within 
an aircraft under normal and emergency conditions.
E-474.3. Any liquid pyrophoric material poses a special hazard to an aircraft in 
flight and severe limitations apply to such materials. Where a radioactive substance 
which has the subsidiary hazard of pyrophoricity is also a liquid, there is a greater 
probability of a spill occurring, and it is therefore absolutely forbidden to carry such 
a substance by air transport.
E-475. Because of the higher radiation levels than would normally be allowed, 
greater care is necessary in loading and handling. The requirement for such consign
ments to be transported by special arrangement ensures the involvement of the
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competent authority and allows special handling precautions to be specified, either 
during loading, in flight or at any intermediate transfer points.

STORAGE IN TRANSIT

E-479. See paras E-465.1 and E-465.2.
E-481. This exception for LSA-I materials is made because of their low specific 
activity and because LSA-I materials do not include fissile materials.

CUSTOMS OPERATIONS

E-483.1. The fact that a consignment contains radioactive material does not, per se, 
constitute a reason to exclude such consignments from normal customs operations. 
However, because of the radiological hazards involved in examining the contents of 
a package containing radioactive materials, it is essential that the examination of the 
contents of packages be carried out under suitable radiation protection conditions. 
The presence of a person with adequate knowledge of handling radioactive materials 
and capable of making sound radiation protection judgements is necessary to ensure 
that the examination is carried out without any undue radiation exposure of customs 
staff or any third persons.
E-483.2. Transport safety depends, to a large extent, on safety features built into 
the package. It is thus essential that no customs operation diminish the safety inherent 
in the package, when the package is to be subsequently forwarded to its destination. 
Again, the presence of a qualified person will help to ensure the adequacy of the 
package for its continued transport. ‘Qualified person’ in this context means a person 
versed in the regulatory requirements for transport as well as in the preparation of 
the package containing the radioactive material for onward transport.
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Section V

REQUIREMENTS FOR RADIOACTIVE MATERIALS

Requirements for LSA-III material

E-501.1. In the case of LSA-III material the activity is essentially uniformly 
distributed and is relatively fixed. However, the activity is not entirely insoluble in 
its matrix and it is necessary to place a performance specification on the material.
E-501.2. The leaching rate limit of 0.1 A2 per week was arrived at by considering 
the case of a block of material in its packaging (e.g. a steel drum), which had been 
exposed to the weather and had taken in sufficient rain for the block to be surrounded 
with a film of water for one week. If this package is then involved in a handling 
accident, some of the liquid may escape and, on the basis of the standard model for 
determining A2 values, 10“4 to 10~3 of this may be taken into the body of a 
bystander (see Appendix I). Since the package must withstand the free drop and 
stacking tests as prescribed in paras 622 and 623, some credit can be given for its 
ability to retain some of its contents: it may not be as good as a Type A package 
but it may well be good enough to limit escape to 10~2 to 10"3 of the dispersible 
contents. Since the total body intake must be limited to 10'6 A2 to maintain 
consistency with the safety built into Type A packages and with the Basic Safety 
Standards for Radiation Protection [3], the dispersible radioactive contents of the 
drum (i.e. the liquid) must therefore not exceed 0.1 A2.

Requirements for special form radioactive material
E-502. Special form radioactive material must be of a reasonable size to enable it 
to be easily salvaged or found after an incident or loss; hence the restriction on 
minimum size. The figure of 5 mm is arbitrary but is practical and reasonable 
bearing in mind the type of material normally classified as special form radioactive 
material.
E-503. In the case of a transport accident involving a package with special form 
radioactive material contents, it is assumed that under most conditions the radio
active material contents would not be released; this assumption minimizes the 
predicted hazards from inhalation or ingestion of, or from contamination by, the 
radioactive material. For this reason special form radioactive material must be able 
to survive severe mechanical and thermal tests analogous to the tests applied to 
Type B(U) packages without undue loss or dispersal of radioactive material.

REQUIREMENTS FOR RADIOACTIVE MATERIALS
AND FOR PACKAGINGS AND PACKAGES
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E-504. Where a sealed capsule constitutes part of the special form radioactive 
material it is essential to ensure that the capsule shall offer no possibility of being 
opened by normal handling or unloading measures. Otherwise the possibility could 
arise that the radioactive material could be handled or transported without the pro
tecting capsule.

GENERAL REQUIREMENTS FOR ALL PACKAGINGS AND PACKAGES

E-505. The securing of packages on or in conveyances is required for several 
reasons. By virtue of the movement of the conveyance during transport, small 
packages may be thrown or may tumble if not secured, resulting in their damage. 
Larger packages may be dropped from the vehicle, resulting in their loss or damage. 
Heavy packages may shift if not properly secured, making the conveyance on which 
they are travelling unstable, which could give rise to an accident. The loss of any 
object from a vehicle may constitute a hazard as a result of the object’s striking other 
vehicles or persons, causing obstruction on a road or railway, or being found and 
opened by unqualified persons, particularly children.
E-507. This requirement is intended to prevent inadvertent use of package features 
that are not suitably designed for handling operations.
E-508. This requirement is imposed since protruding features on the exterior of a 
packaging are vulnerable to impacts during handling and other operations incidental 
to transport. Such impacts may cause high stresses in the structure of the packaging, 
resulting in tearing or breaking of containment.
E-509. This requirement is imposed because collection and retention of water (from 
rain or other sources) on the exterior of a package may undermine the integrity of 
the package as a result of rusting or prolonged soaking. Further, such retained liquid 
may leach out any surface contamination present and spread it to the environment. 
Finally, water dripping from the package surfaces, such as rain water, may be mis
interpreted as leakage from the package.
E-510. This requirement is intended to prevent such actions as placing handling 
tools, auxiliary equipment or spare parts on or near the package in any manner such 
that the intended functions of packaging components could be impaired both during 
normal transport and in the event of an accident.

ADDITIONAL REQUIREMENTS FOR PACKAGES TRANSPORTED BY AIR

E-515. Surface temperature restrictions are necessary for transport by air as a result 
of (a) the difficulty of providing adequate free space around packages and (b) the 
limited ventilation available in cargo holds for enabling heat dissipation to occur.
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E-516. The ambient temperature range of -4 0 °C  to +55°C  covers the extremes 
expected to be encountered during air transport and is the range imposed by interna
tional transport organizations for packaging any dangerous goods destined for air 
transport.
E-517. This is a similar provision to that required internationally for packages 
containing any liquid hazardous material intended for transport by air. Pressure 
reductions due to altitude will be encountered during flight (see para. E-474.1). 
Packages will generally have been filled at normal sea level pressure; the pressure 
differential which then occurs at an increased altitude needs to be taken into account 
in the packaging design. The value of 95 kPa has been derived from the maximum 
pressure differential likely to occur in the event of a failure of the aircraft pressuriza- 
tion system, plus a safety factor of 1.5. The increased pressure requirement for 
liquids to be transported by air, as compared with that for other contents and other 
modes (see para. 534), is consistent with the graded package integrity design require
ment approach taken elsewhere in the Regulations for liquids (e.g. see para. 539).

REQUIREMENTS FOR INDUSTRIAL PACKAGES 

Requirements for industrial package Type 1 (IP-1)

E-518.1. The Regulations provide comparable levels of safety for radioactive 
materials of different radiotoxicities and different amounts by relating the nature and 
amount of contents with graded packaging integrity requirements. For the packaging 
of LSA material and SCO, three types of industrial packages, viz. IP-1, IP-2 and 
IP-3, have been specified. All of the combinations of industrial type packagings and 
respective admissible LSA material and SCO contents are intended to give equivalent 
levels of safety. According to the radiological grading of LSA material and SCO, 
the three industrial package types have different safety functions. Whereas IP-1 
simply shall contain its radioactive contents under routine transport conditions, IP-2 
and IP-3 shall protect against loss or dispersal of their contents and loss of shielding 
under normal conditions of transport, which by definition (see para. 134) include 
minor mishaps, as far as the test requirements represent these conditions. IP-3 shall, 
in addition, provide the same package integrity as a Type A package intended to 
carry solids.
E-518.2. When IP packages are intended to be carried by air transport, the Regula
tions require that they also meet the requirements of paras 515 to 517 in order to 
be handled and transported safely under the special temperature and pressure condi
tions of air transport. The values of these conditions are derived from the knowledge 
and experience of organizations such as I AT A and ICAO.
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Additional requirements for industrial package Type 2 (IP-2)

E-519.1. Release of contents considerations for IP-2 packages impose a contain
ment function by the packaging for normal conditions of transport. Some simplifica
tion compared with Type A packages was possible owing to the rather immobile 
character of some LSA material and SCO contents. The alternative use of United 
Nations packagings is allowed because the United Nations Recommendations require 
comparable general design requirements and performance tests which have been 
judged to provide the same level of safety. Whereas leaktightness is also one of the 
performance test criteria in the United Nations Recommendations, this is not the case 
with respect to the shielding requirements in the Regulations, which need special 
attention when United Nations packagings are used.
E-519.2. See paras E-518.1 and E-518.2.

Additional requirements for industrial package Type 3 (IP-3)

E-520.1. Release of contents considerations for IP-3 packages impose the same 
containment function as for Type A packages for solids, taking into account the 
higher values of specific activity to be transported in IP-3 packages and the absence 
of operational controls in non-exclusive use transport. In addition, sufficient ullage 
shall be foreseen in the case of liquid LSA material in order to avoid hydraulic failure 
of the containment system. These requirements are consistent with the graded 
approach of the Regulations.
E-520.2. See paras E-518.1 and E-518.2.

Alternative requirements for tanks and freight containers to qualify as 
IP-2 and IP-3

E-521. Tank containers designed for the transport of dangerous goods according to 
international and national regulations have proved to be safe in handling and trans
port, in some cases even under severe accident conditions. It is generally considered 
that a tank container designed in accordance with the United Nations Recommenda
tions and for a test pressure of 265 kPa (which is foreseen in the case of dangerous 
goods of medium danger) is at least as safe as IP-2 and IP-3 in conventional package 
sizes (boxes, drums, etc.). Nevertheless, the Regulations require that attention shall 
be given to the shielding requirement, because the United Nations Recommendations 
for a tank container do not include any shielding requirement.
E-523. If a freight container is designated as an IP-2 or IP-3 packaging, and satisfies 
the requirements for these packages, it may be used to transport LSA material and 
SCO. Freight containers designed in accordance with ISO 1496/1 [15] or the CSC
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Convention [16] have been proved, by the use of millions of units, to provide safe 
handling and transport under normal conditions of transport. It is therefore under
stood that these freight containers provide a level of safety comparable to IP-2 and 
IP-3 packagings. The requirements of ISO 1496/1 [15] include a set of performance 
tests representing the effects of stacking and transport on the frame, the effects of 
loading/unloading (forklift weight) and a water spray in-leakage test.

REQUIREMENTS FOR TYPE A PACKAGES

E-525. The minimum dimension of 10 cm has been adopted for a number of 
reasons. A very small package could be mislaid or slipped into a pocket. In order 
to conform to international transport practice package labels have to be 10 cm 
square. To adequately display these labels the dimensions of the packages are 
required to be at least 10 cm.
E-526. Requiring a package seal is intended both to discourage tampering and to 
ensure that the recipient of the package knows whether or not the contents and/or 
the internal packaging have been tampered with or removed during transport. While 
the seal remains intact the recipient is assured that the contents are those stated on 
the label; if the seal is damaged, the recipient will be warned that extra caution will 
be required during handling and particularly on opening the package.
E-528. The temperature range for packaging components specified in the Regula
tions ( -4 0 ° C  to +70°C) provides a good coverage of temperatures which compo
nents of a packaging may be expected to experience. These temperatures may result 
from the combined effects of exposure to the environment, operating conditions 
during transport, internal heating, preparation for shipment or storage in transit.
E-531. Para. 531 allows package designs to be qualified where containment of the 
radioactive contents is provided by the special form radioactive material. In the case 
of packages where containment is achieved in this way, attention is drawn to the 
requirements of para. 402(d) with respect to each shipment.
E-532. The function of the containment system is to prevent the loss or dispersal 
of the radioactive contents from the package. The purpose of this requirement is to 
ensure that the contents are contained even if the outer component of the packaging 
should be damaged or lost.
E-534. This requirement is intended to prevent a packaging failure caused by a pres
sure differential where the package has been filled at sea level (or below) and is then 
carried by surface transport to a higher altitude or is carried by air transport. The 
value of 25 kPa is the lowest pressure, after application of a safety factor of approxi
mately 1.5 (see para. E-517), likely to exist in an aircraft hold in the event of a failure
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of the aircraft pressurization system. Bearing in mind that package designs are 
intended to be independent of transport mode, the low pressure for air transport is 
imposed on all packages irrespective of the mode or modes by which they are to be 
transported. However, an additional pressure requirement is imposed for the specific 
case of containers of liquid radioactive materials for air transport, which is covered 
by para. 517.
E-535. To prevent contamination caused by leakage of contents through valves, a 
provision for some secondary device or enclosure for these valves is required by the 
Regulations. Depending upon the specific design, such a device or enclosure may 
help to prevent the unauthorized operation of the valve, or in such an event prevent 
the contents from escaping.
E-536. The requirement of this paragraph is primarily intended to ensure that the 
radiation shield is constantly maintained around the radioactive substance to 
minimize any increase in radiation levels on the surface of the package. When the 
radiation shield is a separate unit the positive fastening device ensures that the 
containment system is not released except by deliberate intent.
E-537. The design of, and contents limits imposed upon, Type A packages intrinsi
cally limit any possible radiological hazard. This paragraph provides the restrictions 
on release and degradation of shielding during normal conditions of transport for 
ensuring safety.
E-538. Ullage is the space available within the package to accommodate the expan
sion of the liquid contents of the package due to changes in environmental and trans
port conditions. Adequate ullage ensures that the containment system is not subjected 
to excessive pressure due to the expansion of liquids, which are generally regarded 
as incompressible.
E-539.1. The purpose of these two additional tests as specified in para. 625 is to 
demonstrate an increased capability of a Type A packaging for liquids to withstand 
impacts and hence to indicate that the fraction of the contents that would be released 
in an accident would be comparable to that released from a Type A package designed 
to carry dispersible solids, i.e. the improved retention counteracts the greater ability 
of liquids to escape from a damaged package.
E-539.2. The package must also be provided with sufficient absorbent material to 
absorb twice the volume of the liquid contents or be provided with a two part 
containment system of the type prescribed. The purpose of this requirement is to 
provide a supplementary safety barrier, thereby reducing the probability of the liquid 
escaping from the package even if it escapes from the containment system.
E-539.3. Concerning the reference to Type B packages in para. 539, this require
ment covers the case where a user of a Type B package wishes to use that package
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for shipping less than an A2 quantity of liquid and to designate this package in the 
shipping papers as a Type A package shipment. Doing this lifts some administrative 
burdens from the consignor and carrier, and since the package has a greater integrity 
than a standard Type A package, safety is not degraded. In this case, it is not required 
to meet the provision of adding absorbent material or a secondary outer containment 
component.
E-540.1. The reasons for additional tests for Type A packaging for compressed or 
uncompressed gases are the same as those for Type A packagings for liquids (see 
para. E-539.1).
E-540.2. The exception of certain packages, i.e. packages with contents of not 
more than 40 TBq of tritium or for noble gases in gaseous form not more than an 
A2 quantity, from the requirement in para. 540 is based upon the dosimetric models 
for these materials (the Q system, see discussion in Appendix I). For tritium it is 
noted that the Aj and A2 values were arbitrarily established at 40 TBq, and that this 
is a conservative value relative to all of the Q values for tritium. An A2 quantity of 
tritium gas, if released in an accident into a 300 m 3 store room or cargo area (with 
4 air changes per hour), would not present a significant hazard, because of dilution 
and because reactions with water vapour would be necessary before the tritium could 
become incorporated into the body. In the case of noble gases the model used to 
determine A2 assumes a release of 100% in an accident rather than the general 
release fraction of 10“2-10-3 assumed for particulate materials.

REQUIREMENTS FOR TYPE B PACKAGES

E-541. The concept of a Type B package is that it is capable of withstanding most 
of the severe accident conditions in transport without loss of containment or increase 
in external radiation level to an extent which would endanger the general public or 
those involved in rescue or cleaning up operations. It could be safely recovered, but 
it would not necessarily be capable of being reused.
E-542. The 1973 Revised Edition (As Amended) of the Regulations stipulated that 
the radiation level at 1 m from the surface of a Type B package should not exceed 
100 times the value that existed before the accident condition tests, had the package 
contained a specified radionuclide. This requirement constituted an unrealistic design 
constraint in the case of packages designed to carry other radionuclides. Therefore, 
in the 1985 Edition of the Regulations a specific maximum radiation level of 
10 mSv/h (1000 mrem/h) is stipulated, irrespective of radionuclide. This level 
corresponds to the maximum level allowed for transport under exclusive use 
(para. 434).
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E-543. Although the requirement in para. 528, which is for Type A packages, is 
intended to cover most conditions which can result in packaging component tempera
tures being very low (exposure to extreme winter weather) or very high (exposure 
to high ambient temperatures, solar heating, heat generated by the contents, etc., in 
extreme summer weather), additional consideration of packaging component 
temperatures is required for Type B packages on a design specific basis. This is 
generally because Type B packages may be designed for contents which produce 
significant amounts of heat, and component temperatures for such a design may 
exceed the 70°C requirement for Type A packages. The intent of specifying an 
ambient temperature of 38°C for package design considerations is to ensure that the 
designer properly addresses packaging component temperatures and the effect of 
these temperatures on geometry, shielding, efficiency, corrosion and surface tem
perature. Furthermore, the requirement that a package be capable of being left unat
tended for a period of one week under an ambient temperature of 38 °C with solar 
heating is intended to ensure that the package will be at, or close to, equilibrium 
conditions and that under these conditions it will be capable of withstanding the 
normal transport conditions without loss of containment or reduction in radiation 
shielding.
E-544.1. The surface temperatures of packages containing heat generating radio
active materials will rise above the ambient temperature. High surface temperatures, 
particularly in a package with typically low heat storage capacity, could pose a physi
cal hazard to persons touching the package surfaces. The surfaces of packages having 
no internal heat source but having low heat capacity could also pose a hazard to 
persons, principally as a result of solar heating. Because the internal heat generating 
source may increase this hazard, a limit is imposed. Physical damage can be caused 
by too much heat being transferred too quickly to a person’s skin; therefore, temper
ature is the governing parameter of interest. The stored heat and heat transfer capa
bility are directly dependent on temperature.
E-544.2. With a surface temperature limit of 50°C at the maximum ambient 
temperature of 38°C other cargo will not become overheated nor will anyone 
handling or touching the surface suffer a burn. When a package is transported under 
exclusive use, the maximum temperature on the accessible surface may be permitted 
to be higher.
E-545. See para. E-556.
E-546. During transport, a package could be subjected to solar heating. The effect 
of solar heating is to increase the package temperature. In practice, the insolation 
to a package surface depends on the time of day, the time of year, the geographic 
location, the orientation of the package surface with respect to the sun, the effects 
of adjacent surfaces (both shading and reflecting) and the atmospheric conditions. 
The time distribution of solar heating over a day is essentially sinusoidal, with
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insolation beginning at sunrise and ending at sunset and having a maximum at noon. 
Insolation is zero from sunset to sunrise. To avoid the difficulties in trying to account 
for the many variables precisely, values for insolation have been agreed upon inter
nationally (they are presented in Table X II o f the Regulations). The insolation values 
are specified as uniform heat fluxes applied for 12 hours and followed by 12 hours 
o f zero insolation. The values are specified for flat surfaces with three orientations 
(horizontal up, horizontal down, and vertical), and curved surfaces. Packages are 
assumed to be in the open; therefore, neither shading nor reflection from adjacent 
structures is considered. The table shows a maximum value o f insolation for an 
upward facing horizontal surface and zero for a downward facing horizontal surface 
which receives no insolation. A vertical surface is assumed to be heated only half 
a day and only half as effectively; therefore, the table value for insolation of a 
vertical surface is given as one quarter the maximum value for an upward facing flat 
surface. Locations on curved surfaces vary in orientation between horizontal and 
vertical, and are judiciously assigned half the maximum value for upward facing 
horizontal surfaces. The use o f the agreed upon values ensures uniformity in any 
safety assessment, providing a common ground for the purpose of calculation.

E-548.1. The concept of specifying containment standards for large radioactive 
source packages in terms of activity loss in relation to specified test conditions was 
first introduced in the 1967 Edition of the Regulations. This practice was continued 
in the 1973 Edition of the Regulations essentially unchanged, except that the allowa
ble activity release rates were expressed in terms of the A2 values for individual 
radionuclides instead of using the earlier limits based on group classifications. This 
approach is again retained in the 1985 Edition of the Regulations except that the 
distinction between Type B(U) and Type B(M) packages in defining allowable 
activity release rates following tests to simulate severe accident conditions is 
abandoned. Furthermore, the specific requirement for Type B(M) packages specially 
designed to allow continuous venting under normal conditions o f transport is 
replaced by the provisions o f para. 558.

E-548.2. The release rate limit o f not more than A2 x  10"6 per hour for Type B 
packages following tests to demonstrate their ability to withstand the normal 
conditions o f transport was originally derived from considerations of the most 
adverse expected condition. This was taken to correspond to a worker exposed to 
activity leaking from a package during its transport by road in an enclosed vehicle. 
The design principle embodied in the Regulations is that intentional release of 
activity from a Type B package should be avoided. However, since absolute contain
ment cannot be guaranteed, the purpose of specifying maximum allowable activity 
leak rates is to permit the specification of appropriate and practical test procedures 
which are related to acceptable radiological protection criteria. The model used in 
the original derivation of the release rate of A2 x  10“6 per hour is outlined in 
Appendix II, where it is shown that exposure of transport workers is highly unlikely
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to exceed the annual dose and intake limits for radiation workers recommended by 
the ICRP [2, 3]. In addition, it is shown that alternative exposure scenarios involving 
workers exposed in a store room or cargo handling area, or persons exposed out of 
doors, are less restrictive.

E-548.3. The release limits o f not more than 10 A2 for krypton-85 and not more 
than A2 for all other radionuclides in a period of one week following tests to 
simulate severe accident conditions represent a simplification of the provisions o f the 
1973 Edition of the Regulations. The more restrictive activity release limit for 
Type B(U) packages has been relaxed such that the earlier Type B(M) limits cited 
above are now applied to all Type B packages. This change was introduced in recog
nition of the fact that the Type B(U) limit appeared unduly restrictive in comparison 
with safety standards commonly applied at power reactor sites [17, 18], especially 
for severe accident conditions which are expected to occur only very infrequently. 
The radiological implications o f a release o f A2 from a Type B package under acci
dent conditions have been discussed in detail elsewhere [19] and are summarized in 
Appendix II. Assuming that accidents o f the severity simulated in the Type B tests 
specified in the Regulations would result in conditions such that all persons in the 
immediate vicinity o f the damaged package would be rapidly evacuated, or be 
working under health physics supervision and control, the incidental exposure of 
persons otherwise present near the scene o f the accident is unlikely to exceed the 
annual dose or intake limits for radiation workers recommended by the ICRP [2 ,3 ] . 
The special provision in the case o f krypton-85, which is the only rare gas isotope 
of practical importance in shipments o f irradiated nuclear fuel, results from specific 
consideration of the dosimetric consequences of exposure to a radioactive plume, for 
which the models used in the derivation of A2 values for non-gaseous radionuclides 
are inappropriate [20].

Requirements for Type B(U) packages
E -550 .1. Various risk assessments have been carried out over the years for the sea 
transport o f radioactive materials, including those documented in Refs [21, 22]. 
These studies considered the possibility o f a ship carrying packages of radioactive 
material sinking at various locations; the accident scenarios included a collision 
followed by sinking, or a collision followed by a fire and then followed by sinking.

E -550.2. In general it was found that most situations would lead to negligible harm 
to the environment and minimal radiation exposure to man if  the packages were not 
recovered following the accident. It was found, however, that should a large irradi
ated fuel package (or packages) be lost on the continental shelf, some long term 
exposure to man through the ocean food-chain could occur. For example, for 70 to 
100 tonne packages carrying high burnup, short cooled LWR fuel, exposed to a fire 
and then sunk at depths of 200 to 500 m, the radiological impact to man could 
result in a maximum collective dose commitment o f approximately 1500 man-Sv
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(1.5 x  105 man-rem), over periods of 20 to 100 years, where the highest indivi
dual annual dose was calculated to range from 0.1 to 1.0 mSv/a (10 to 100 mrem/a) 
and the highest individual dose was determined to be 1.7 mSv (170 mrem), depend
ing upon the accident scenarios selected [21, 22]. The radiological impact from loss 
o f irradiated fuel packages at greater depths or of other radioactive material packages 
at any depth was found to be orders of magnitude lower than these values.

E-550.3. In the interest of keeping the radiological impacts as low as reasonably 
achievable should such an accident occur, the requirement for a 200 m water 
submersion test for irradiated fuel packages containing more than 37 PBq (106 Ci) 
o f activity was added to the 1985 Edition of the Regulations. The 200 m depth 
corresponds approximately to the continental shelf and to the depths where the above 
mentioned studies indicated radiological impacts could be important. Recovery of a 
package from this depth would be possible and often would be desirable. Although 
the influence o f radioactivity release into the environment would be acceptable, as 
shown by the risk assessments, the requirement in para. 550 was imposed because 
salvage would be facilitated after the accident if  the containment system were not 
ruptured, and therefore only retention of solid contents in the package was consid
ered necessary. The specific release rate requirements imposed for other test condi
tions (see para. 548) were not applied here.

E-551. The increase in design complexity and any additional uncertainty and 
possible unreliability associated with filters and mechanical cooling systems are not 
consistent with the philosophy underlying the Type B(U) designation (unilateral 
competent authority approval). The simpler design approach where neither filters 
nor cooling systems are used has a much wider acceptability.

E-553.1. Subsequent to the closure of a package the internal pressure may rise. 
There are several mechanisms which could contribute to such a rise including 
exposure o f the package to a high ambient temperature, exposure to solar heating 
(i.e. insolation), heat from the radioactive decay of the contents, chemical reaction 
of the contents, radiolysis in the case of water filled designs, or combinations 
thereof. The maximum value which the summation of all such potential pressure 
contributors can be expected to produce under normal operating conditions is 
referred to as the maximum normal operating pressure (MNOP).

E-553.2. The presence of such a pressure could adversely affect the performance 
o f the package and consequently needs to be taken into account in the assessment of 
performance under normal operating conditions.

E-553.3. Similarly, in the assessment o f ability to withstand accident conditions 
(paras 626-629) the presence of a pre-existing pressure could present more onerous 
conditions against which satisfactory package performance must be demonstrated — 
consequently the MNOP needs to be assumed in defining the pre-test condition. (See 
paras E-132.1 and E-132.2.)
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E-554. The requirement that the MNOP not exceed 700 kPa gauge is the specified 
limit for Type B(U) packages. This limit is considered to be acceptable for unilateral 
approval.

E-555.1. A temperature limit o f 50°C  for accessible surfaces of Type B packages 
not under exclusive use is established by para. 544, where higher temperatures are 
allowed if  the package is under exclusive use, but not transported by air (see 
para. 515). For transport modes other than by air, a Type B(U) package under 
exclusive use may have accessible surface temperatures not exceeding 85°C. This 
higher temperature limit has been agreed upon because, under the controls available 
through exclusive use, additional precautions can be imposed to prevent physical 
harm to persons. The barriers or screens referred to in para. 555 are not regarded 
as part of the package design from the standpoint of radiological safety; therefore, 
they are excluded from any tests associated with package designs.

E-555.2. Insolation may be ignored with regard to the temperature o f accessible 
surfaces and account is taken only o f the internal heat load. The justification for this 
simplification is that any package, with or without internal heat, would experience 
a similar surface temperature increase when subjected to insolation.

E-556. The range of ambient temperatures for which a Type B(U) package should 
be designed is —40°C  to + 38°C . The lower temperature is important because of 
pressure increases from materials which expand upon freezing (e.g. water), because 
o f possible brittle fracture o f many metals (including some steels) at reduced 
temperature and because of possible loss o f resilience o f seal materials. The lower 
temperature limit o f - 4 0 ° C  and the upper temperature limit of 38°C  are reasonable 
bounding values for ambient temperatures which could be experienced during trans
port o f radioactive material in most geographical regions at most times o f the year. 
However, it must be recognized that in certain areas o f the world (extreme northern 
and southern regions during their winter periods and dry desert regions during their 
summer periods) temperature extremes below —40°C  and above 38°C  are possible. 
Averaged over area and time, however, temperatures falling outside the range 
—40°C  to + 38°C  are expected to occur during only a small fraction of the time.

Requirements for Type B(M) packages

E -557 .1. Type B(M) packages are, with some exceptions, expected to comply with 
the Type B(U) requirements, which include the Type A (para. 524) and Type B 
(para. 541) requirements. Departures from the requirements given in paras 528, 
545, 546 and 550-556 are acceptable, in some situations, with the agreement o f the 
pertinent competent authority. An example of this could be a change in the ambient 
temperature and insolation values taken for design purposes if  the Type B(U) 
requirements are not considered applicable (paras 528, 545, 546 and 556).
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E-557.2. The intent is that the safety standards o f Type B(M) packages, so designed 
and operated, shall provide a level of safety equivalent to that provided by Type B(U) 
packages.

E-558.1. For the contents o f some packages, as a result o f the mechanisms 
described in para. E-553.1, the pressure tends to build up and if  not relieved might 
eventually cause failure of the package, or reduce the useful lifetime of the package 
through fatigue. To avoid this, para. 558 allows the package design to include a 
provision for intermittent venting. Such vented packages are required by the 
Regulations to be shipped as Type B(M) packages.

E-558.2. In order to provide safety equivalent to that which would be provided by 
a Type B(U) package, the design may include requirements that only gaseous 
materials should be allowed to be vented, that filters or alternative containment might 
be used, or that venting may only be performed under the direction of a qualified 
health physicist.

REQUIREM ENTS FOR PACKAGES CONTAINING FISSILE MATERIAL

E-560.1. Packages containing fissile material which meet any of the requirements 
in subparas 560(a)-560(f) are excepted from the criticality safety assessment 
specified in para. 559. As for subpara. 560(a), subcriticality is assured through a 
combination of mass and packaging restrictions. The fissile materials described in 
subparas 560(b)-560(f) will remain subcritical under the prescribed conditions with 
no further constraints. These specifications are based upon well established 
principles. Experimental evidence for some of these exceptions has been published 
[23-25]. For example, para. 560(e) presents a 1 kg limit for total plutonium 
containing no more than 20% by weight o f plutonium-239 and plutonium-241. 
Subcriticality in the transport o f this quantity o f plutonium is assured by virtue of 
the Type B  packaging, which provides adequate separation from other fissile 
material, and because the plutonium composition is not amenable to criticality in 
thermal fissioning systems.

E-560.2. The homogeneity addressed in subpara. 560(c) is intended to preclude 
latticing of slightly enriched uranium in a moderating medium. While it is difficult 
to specify the point at which inhomogeneity becomes significant, variations in 
concentration of the order o f 5% will not compromise criticality safety.

E -560.3. The materials specified in para. 560, though excepted from the require
ments specific to the transport o f fissile materials, are radioactive and are thus 
subject to the regulatory requirements appropriate to their radioactive properties. 
Since the only acceptable unpackaged shipping configuration for fissile material
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involves instruments or manufactured articles (park. 418), the provisions regarding 
unpackaged fissile material in subparas 560(a) and 560(b) apply to such instruments 
or articles.

E-561. Section IV of the Regulations deals with the preparation, requirements and 
controls for radioactive materials presented for shipment. Packages containing fissile 
material may require criticality control while in transport or in storage during transit. 
Control is effected by means of the transport index that is assigned to a package as 
specified in para. 429 in conjunction with para. 567.

E-562. The contingencies required to be considered in the assessment o f a package 
presented for shipment, as itemized in subparas 562(a)-562(f), represent possible 
changes in the package or its environment which could influence the neutron multi
plication factor o f the package. It is necessary that the itemized events, processes and 
other credible contingencies be assessed to confirm that such changes do not reduce 
the margin o f subcriticality in transport.

E-563. The package design requirements in para. 563 are intended to deal with 
those changes in a package that may occur during normal transport and that could 
result in a change in the neutron multiplication factor o f the package. These are 
considered in the criticality safety assessment o f the package. Subparagraph 563(a) 
calls for the examination of a change in dimensions o f the package which in an 
accumulation may affect the neutron interaction among the packages. Subparagraph 
563(b) calls for the evaluation of the influence of water on the packages. Water is 
readily encountered in transport. It has two properties which can influence the 
neutron multiplication factor; it moderates neutrons to an energy region more 
favourable for causing fission and it is a good neutron reflector. Therefore, its effects 
on the neutron physics o f the package require it to be considered in the package 
assessment. Subparagraph 563(c) requires a sufficient mechanical stability o f the 
package design in order to preclude a significant increase in the neutron multiplica
tion factor resulting from a rearrangement o f the contents.

Undamaged and damaged packages

E-564. The definitions o f damaged and undamaged packages provide the bases for 
the criticality safety analyses required in paras 566 and 567. The package tests 
referred to in subpara. 564(b) are designed to simulate the damage a package might 
suffer from an accident while in transport.

Individual packages in isolation

E-565. Because o f the significant effect water can have on the neutron multiplica
tion factor o f fissile materials, the criticality assessment o f a package requires the 
consideration of water being present in all void spaces within a package. The
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presence o f water may be excepted from those void spaces protected by special 
preventive features.

E-566. The requirements for the demonstration of subcriticality for an individual 
package are specified for the condition when the fissile material remains in the 
containment system (subpara. 566(a)) and when any part o f the fissile material 
escapes from the containment system (subpara. 566(b)). The first condition must be 
evaluated, whereas the second is addressed only to the extent that material loss is 
established in the tests. Each of these conditions is subjected to a neutron reflector 
effect which is in excess o f that expected in normal transport and each assumes the 
fissile material is in that configuration for which moderation results in the maximum 
neutron multiplication factor. The specification of 20 cm is chosen to reproduce the 
maximum effect o f water as a reflector to an individual package for any transport 
conditions. In the assessment, due account is taken of the results o f the package tests 
required in para. 564 and the conditions under which the absence o f leakage may 
be assumed as described in para. 565.

Arrays of packages

E-567. This paragraph establishes the requirements for the criticality assessment 
necessary for the determination of the transport index. The number N of packages 
must satisfy both o f the conditions specified in subparas 567(a) and 567(b). It would 
be wrong to assume that one condition would be satisfied if  the other alone has been 
subjected to detailed analyses. The packaging and/or the results o f the package tests 
could over- or under-moderate the array of packages, which may make one of the 
two conditions dominate. This cannot be assumed prior to demonstration. Further, 
the analysis calls for ‘any arrangement’ of the packages to be subcritical. These 
words are significant because the neutron interaction occurring among the packages 
o f the array may not be equal along the three dimensions.

Subcriticality evaluation assumptions

E-568. The requirements for the criticality assessment o f irradiated fissile material 
and of unspecified fissile material are both addressed in this paragraph. To evaluate 
the subcriticality of material for which some relevant parameters are not known 
precisely, those parameters should be assigned values resulting in the largest 
reactivity increase consistent with the nature o f the material involved. Most 
irradiated fissile materials exhibit a decrease in neutron multiplication factor as the 
irradiation time increases. The Regulations allow advantage to be taken of this 
increase in the margin of subcriticality over that o f the fissile material in its 
unirradiated state (subpara. 568(a)) provided that the irradiation history of the fissile 
material is known. When the irradiation experience is not known, the criticality
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assessment must be based upon the highest attainable neutron multiplication factor 
of the fissile material. This usually occurs in the unirradiated state, but for some 
fissile materials it may occur at some time during irradiation, e.g. as a result o f a 
reduction in neutron absorbers that may be present. In the case o f unspecified fissile 
material the requirement is conservative but allows the use o f known parameters.
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Section VI

TEST PROCEDURES

E -601 . The intent of the Regulations in the area of compliance demonstration is to 
allow both the competent authority and the consignor to utilize all available pertinent 
experience, data and technology. Therefore any systematic process that is acceptable 
to the competent authority and the consignor may be used to demonstrate 
compliance.

TESTS FOR SPECIAL FORM RADIOACTIVE MATERIAL 

General

E-604. The four test methods specified in the Regulations, namely the impact, 
percussion, bending and heat tests, are intended to simulate mechanical and thermal 
effects to which a special form radioactive material might be exposed if  released 
from its packaging.

E-606. These test requirements are provided to ensure that special form radioactive 
materials which become immersed in liquids as a result o f an accident will not 
disperse more than the limits given in para. 503.

Test methods

E-611. It is recognized that the tests indicated in paras 607, 608 and 610 are not 
unique and that other internationally accepted test standards may be equally 
acceptable. Two tests prescribed by the International Organization for Standardiza
tion have been identified as adequate alternatives.

DEMONSTRATION OF COMPLIANCE

TESTS FOR PACKAGES 

Preparation of a specimen for testing

E-614. Unless the actual condition of the specimen is recorded in advance of the 
test, it would be difficult to subsequently decide whether any defect has been caused 
by the tests.
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Target for drop tests

E-618. The target for drop tests is specified as an essentially unyielding surface. 
This unyielding surface is intended to cause damage to the package which would be 
equivalent to or greater than that anticipated for impacts onto actual surfaces or struc
tures which might occur during transport. The specified target also provides a 
method for assuring that analyses and tests can be compared and accurately repeated 
if  necessary. The unyielding target, even though described in general terms, can be 
repeatedly constructed and provides relatively large mass and stiffness with respect 
to the package being tested. So-called real targets, such as soil, soft rock and some 
concrete structures, are less stiff and impose less damage on a package for a given 
impact velocity. In addition, it is more difficult to construct yielding surfaces that 
give reproducible test results, and the shape of the object being dropped can affect 
the yielding character of the surface. Thus, if  yielding targets were used, the uncer
tainty of the test results would increase and the comparison between calculations and 
tests would be much more difficult.

Tests for demonstrating ability to withstand normal conditions o f transport

E -619 .1. The climatic conditions to which a package may be subjected in the normal 
transport environment include changes in humidity and ambient temperature, and 
exposure to solar heating and rain.

E-619.2. Low relative humidity, particularly if  associated with high temperature, 
causes the structural materials o f the packaging such as timber to dry out, shrink, 
split and become brittle; direct exposure o f a package to the sun can result in a 
surface temperature considerably above ambient temperature for a few hours around 
midday. Extreme cold hardens or embrittles certain materials, especially those used 
for joining or cushioning. Temperature changes can cause ‘breathing’ and a gradual 
increase o f humidity inside the outer parts o f the packaging, and, if  the temperature 
falls low enough, it can lead to condensation of water inside the packaging; the 
humidity in a ship’s hold is often high and a fall in temperature will lead to con
siderable condensation on the outer surfaces o f the package. If  condensation occurs, 
fibreboard outer cases and spacers provided to reduce external radiation levels may 
collapse. Exposure to rain may occur while a package is awaiting loading or while 
it is being moved and loaded onto a conveyance.

E -619.3. A package may also be subjected to both dynamic and static mechanical 
effects during normal transport. The former may comprise limited shock, repeated 
bumping and/or vibration; the latter may comprise compression and tension.

E-619.4. A package may suffer a limited shock from a free drop onto a surface 
during handling. Rough handling, particularly rolling of cylindrical packages and
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tumbling of rectangular packages, is another common source of limited shock. It 
may also occur as a result of penetration by an object o f relatively small cross- 
sectional area or by a blow from a corner or edge of another package.

E-619.5. Land transport often causes repeated bumping; all forms of transport 
produce vibrational forces which can cause metal fatigue and/or loose nuts and bolts. 
Stacking of packages for transport and any load movement as a result of a rapid 
change in speed during transport can subject packages to considerable compression. 
Lifting and a decrease in ambient pressure due to changes in altitude expose packages 
to tension.

E-619.6. The tests that have been selected to reproduce the kind of damage that 
could result from exposure to these climatic and handling/transport conditions and 
stresses are: the water spray test, the free drop test, the stacking test and the penetra
tion test. It would be possible to require a specimen of Type A packaging to be 
submitted to all o f these test procedures. However, it is unlikely that any one 
packaging would encounter all o f the rough handling or minor mishaps represented 
by the four test requirements. In addition, because o f the limitation on the contents 
o f a Type A package, the unintentional release o f part o f the contents, though very 
undesirable, is not a major mishap. It has been agreed, therefore, that it is sufficient 
for each of three specimens to be subjected separately to the free drop, stacking and 
penetration tests, preceded in each case by the water spray test. However, this does 
not prevent one specimen from being used for all the tests.

E-619.7. The tests do not exhaust all the aspects of the transport environment to 
which a Type A package may be subjected. They are, however, deemed adequate 
when considered in relation with the other general design requirements related to the 
transport environment, such as ambient temperature and its variation, handling and 
vibration.

E-620. If  the water spray is applied from four directions simultaneously, it is 
necessary to allow for the time that the water, after the conclusion of this test, takes 
to gradually soak from the exterior into the interior o f the package and lower its 
structural strength. Two hours was considered to be the appropriate interval on this 
basis. I f  the package is submitted to the succeeding free drop, stacking and penetra
tion tests shortly after this interval, it will suffer the maximum damage. However, 
if  the water spray is applied from each of the four directions consecutively, soaking 
of water into the interior o f the package from each direction and drying of water from 
the exterior o f the package will proceed progressively over a two hour period. 
Accordingly, no interval between the conclusion of the water spray test and the 
succeeding free drop test should be allowed.

E-621. The water spray test is particularly intended for those packagings such as 
radioisotope packagings where distance shielding may rely on non-metallic materials
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which are softened by water or materials bonded by water soluble glue. Packaging 
whose outer layers consist entirely of metal, wood, ceramic or plastic, or any combi
nation of these materials, may be shown to pass the test by reasoned argument.

E-622.1. The free drop test simulates the type of shock that a package would 
experience if it were to fall off the platform of a vehicle or if  it were dropped during 
handling. In most cases packages would continue the journey after such shocks. 
Since heavier packages are less likely to be exposed to large drop heights during 
normal handling, the free drop distance for this test is graded according to package 
mass. Should a large package experience a significant drop, this drop might be 
considered an accident and the package would probably not continue its journey 
without close examination.

E-622.2. For packages designed to contain fissile material only, the free drop from
1.2 m is preceded by a free drop from 0 .3  m onto each corner or, for a cylindrical 
specimen, onto each of the quarters o f each rim. The purpose of this test requirement 
is to check whether any spacers on which nuclear criticality safety depends can with
stand the normal conditions o f transport without unacceptable distortion.

E-622.3. In view of the potential vulnerability to general rough handling of lighter 
packagings where outer parts may be constructed of fibreboard or wood, the free 
drop test also requires that, for fibreboard and wood rectangular specimens not 
exceeding 50 kg in mass, and for fibreboard cylindrical specimens not exceeding 
100 kg in mass, a separate sample be subjected to tests simulating rough handling 
comprising a free drop from a height o f 0 .3 m onto each of the corners or, in the 
case of cylindrical packages, onto each of the quarters of each rim.

E-623. The stacking test is designed to simulate the effect o f loads pressing on a 
package over a prolonged period of time and is intended to ensure that the effective
ness of the shielding and containment systems, and any spacers for nuclear criticality 
safety, will not be impaired. This test duration corresponds to the requirements of 
the United Nations Recommendations [1],

E-624. The penetration test is intended to ensure that the contents will not escape 
from the containment system if a slender object such as a length of metal tubing or 
a handlebar o f a falling bicycle should strike and penetrate the outer layers o f the 
packaging.

Additional tests for Type A packages designed for liquids and gases

E-625. These additional tests for a Type A package designed to contain liquids or 
gases are imposed because liquid or gaseous radioactive material has a greater possi
bility o f leaking out and dispersing from a package than solid material. The more 
severe test requirements are imposed in order to reduce the probability of this 
occurring.
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Tests for demonstrating ability to withstand accident conditions in transport

E-626.1. The accident tests specified in the Regulations were originally developed 
to satisfy two purposes. First, they were conceived as producing damage to the 
package equivalent to that which would be produced by a very severe accident (but 
not necessarily all conceivable accidents). Second, the tests were stated in terms 
which provided the engineering bases for the design. Since analysis is an acceptable 
method of qualifying designs, the tests were prescribed in engineering terms which 
could serve as unambiguous, quantifiable input to these calculations. Thus, in the 
development of the test requirements attention was given to how well these tests 
could be duplicated under field conditions (see, for example, para. E-618).

E-626.2. The 1961 Edition of the Regulations was based on the principle of protec
tion of the package contents, and hence the public health, from the consequences of 
a ‘maximum credible accident’ . This phrase was later dropped because it did not give 
a unique level or standard with which to work and which was necessary to ensure 
the international acceptability of unilaterally approved designs (see para. 114). 
Recognition of the statistical nature of accidents is now implicit in the requirements. 
A major aim of the package tests is international acceptability, uniformity and repeat
ability; tests are designed so that the conditions can be readily reproduced in any 
country. The test conditions are intended to simulate very severe accidents in terms 
of the damaging effects on the package. They will therefore produce damage exceed
ing that arising in the vast majority o f incidents recbrded, whether or not a package 
of radioactive material was involved.

E-626.3. The purpose o f the mechanical tests (para. 627) and the thermal test 
(para. 628) that follow is to impose on the package damage equivalent to that which 
would be observed if the package were involved in severe accidents. The order and 
type of tests are considered to correspond to the order of environmental threat to the 
packaging in a real transport accident, i.e. impact and puncture followed by thermal 
exposure. The test sequence also ensures mechanical damage to the package prior 
to the imposition of the thermal test; thus the package is most liable to sustain 
maximum thermal damage. The mechanical and thermal tests are applied to the same 
specimen sequentially. The immersion test (para. 629) may be conducted on a 
separate specimen because the probability o f its occurrence in conjunction with a 
thermal/mechanical accident is extremely low.

E-627.1. Mechanical test requirements for Type B packages were introduced first 
in the 1964 Edition of the Regulations, replacing the requirement of withstanding a 
‘maximum credible accident’ , which was not specified by test requirements. On 
the assumption that Type B packages are likely to be used in all modes o f transport, 
the Type B test requirements are intended to take into account a large range of 
accidents for land, sea and air transport which can expose packages to severe
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dynamic forces. The mechanical effects o f accidents can be grouped into three 
categories: impact (crash), crush and puncture loads. Though the figures for the test 
requirements (9 m drop for impact and crush and 1 m drop for puncture) were not 
derived directly from accident analyses at the time when first introduced into the 
Regulations, subsequent risk and accident analyses have demonstrated that they 
represent very severe transport accidents [26-31].

E-627.2. In drop I, the combination of the 9 m drop height, unyielding target and 
most damaging attitude produce a condition in which the majority of the drop energy 
is absorbed in the structure o f the packaging. To create the same damage in a trans
port accident, with the yielding surfaces that actually exist, it would be necessary to 
increase the impacting velocity by a factor of 2 or more relative to that required 
by the test prescribed in the Regulations [29-31],

E-627.3. Thin walled packaging designs or designs with sandwich walls are sensi
tive to puncture loads with respect to both loss o f containment integrity and loss o f 
thermal insulation. Even thick walled designs may have weak points such as closures 
of drain holes, valves, etc. Puncture loads can be expected in accidents as impact 
surfaces are frequently not flat. In order to provide safety against these loads, the 
1 m drop test onto a rigid bar has been required (drop II). The drop height and punch 
geometry parameters are more the result o f an engineering judgement than 
deductions from accident analyses.

E-627.4. The degree o f safety provided by the drop I test is smaller for light, 
low density packages than for heavy, high density packages, owing to the reduced 
impact energy and to the increased probability o f impacting a relatively unyielding 
‘target’ [29, 32-35]. Such packages may also be sensitive to crush loads [32-35]. 
Accident analyses show that the probability of dynamic crush loads in land transport 
accidents is higher than that of impact loads because lightweight packages are 
transported in larger numbers or together with other packages [26-28]. Also, 
handling and stowage mishaps can lead to undue static or dynamic crush loads.

E-627.5. In order to provide safety against dynamic crush loads (the static ones are 
covered to some extent by the compression test requirement) the crush test (drop III) 
was included in the regulatory requirements in the 1985 Edition of the Regulations. 
The introduction of this test requirement was justified also by the fact that light, low 
density packages, which may not be inherently stiff as a result of thick shielding 
materials, are often used for the transport o f large amounts o f alpha emitters, e.g. 
plutonium oxide powders and plutonium nitrate solutions, which are radioactive 
materials with high potential hazards.

E-628.1. Work in the United States o f America [26-28, 36-39] suggests that the 
thermal test specified in para. 628 provides an envelope of environments which 
encompasses most transport related accidents involving fires. The Regulations
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specify a test condition based on a liquid hydrocarbon-air fire with a duration of 
30 minutes. Other parameters relating to fire geometry and heat transfer characteris
tics are specified in order to define the heat input to the package.

E-628.2. The thermal test specifies a liquid hydrocarbon pool fire which is intended 
to encompass the damaging effects of fires involving liquid, solid or gaseous 
combustible materials. Liquids such as LPG, LNG and liquid hydrogen are covered 
by the test because pool fires with such fuels generally will not last for 30 minutes. 
Liquid petroleum products are frequently transported by road, rail and sea and would 
be expected to give rise to a fire following an accident. Liquids that can flow around 
the package and create the stipulated conditions are restricted to a narrow range of 
calorific values, so the severe fire is quite well defined.

E-628.3. The flame temperature and emissivity (800°C  and 0.9) define time and 
space averaged conditions found in pool fires. Locally, within fires, temperatures 
and heat fluxes can exceed this description. However, non-ideal positioning of a 
package within a fire, the movement with time of the fire source relative to the 
package, shielding by other non-combustible packages or conveyances involved in 
the accident, wind effects and the massive structure of many Type B packages will 
all combine to average the conditions to conform to, or be less severe than, the test 
description [38, 39]. The presence o f a package and remoteness from the oxygen 
supply (air passing through about 1 m of flame) may both tend to depress the flame 
temperature adjacent to the package. Natural winds can supply extra oxygen but tend 
to remove flame cover from parts of the package, hence the requirement of quiescent 
ambient conditions. The flame emissivity is difficult to assess, as direct measure
ments are not generally available, but indications from practical tests suggest that the 
0 .9  value specified is an overestimate. The combination of parameters in the test 
results in a severe flame description unlikely to be exceeded by accident conditions.

E-628.4. The duration of a large petroleum fire depends on the quantity of fuel 
involved and the availability o f fire fighting resources. Liquid fuel is carried in large 
quantities but, in order to form a pool, any leakage must flow into a well defined 
area around the package with consequent losses by drainage. In general, not all the 
contents o f a single tank will be involved in this way as much will be consumed either 
in the tank itself or during transfer to the vicinity o f the package. The contents of 
other tanks will most likely be burnt at a more remote location as the fire moves from 
tank to tank. Recognition must also be given to the fact that, when lives are not 
directly at risk, fires are often allowed to continue to natural extinction. Conse
quently, historical records of fire durations should be viewed critically. The 30 
minute duration is therefore chosen from consideration of these factors and encom
passes the low probability o f a package being involved in a fire with a large volume 
o f fuel and the ‘worst case’ geometry specified. The low probability, long duration 
fire is most likely to occur in combination with a geometry which effectively reduces
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the thermal input, with the package resting on the ground and/or protected by the 
vehicle structure. The heat input from the thermal test is thus consistent with realis
tic, severe accident situations.

E-628.5. The fire geometry is designed to provide the highest heat input to the 
package. The 1 m elevation of the package ensures that the flames are well developed 
at the package location, with adequate space for the lateral in-flow of air. The exten
sion of the fuel source beyond the package boundary ensures a minimum flame thick
ness o f about 1 m, providing a reasonably high flame emissivity. Thicknesses 
beyond 3 m can lead to oxygen starvation at the centre and relatively low tempera
tures close to the package. This description minimizes the effects o f radiation losses 
and maximizes heat input to the packages, providing a very severe model of a fire.

E-628.6. Previous editions o f the Regulations have required that no artificial 
cooling should be used before three hours have expired following cessation of the 
fire. The 1985 Edition deletes reference to the three hour period, implying that the 
assessment o f temperatures and pressures should continue until all temperatures, 
internal and external, are falling and that natural combustion of package components 
will continue without interference. Only natural convection and radiation contribute 
to heat loss from the package surface after the end of the fire.

E-628.7. The Regulations allow other values o f surface absorptivity to be used as 
an alternative to the standard value o f 0 .8  if  they can be justified. In practice, a pool 
fire is so smoky that it is probable that soot will be deposited on cool surfaces, 
modifying conditions there. This is likely to increase the absorptivity but interpose 
a conduction barrier. The value o f 0 .8  is consistent with thermal absorptivities of 
paints and can be considered as approximating the effects o f surface sooting. As a 
surface is heated, the soot may not be retained and lower values o f surface 
absorptivity could result.

E-628.8. The 1985 Edition of the Regulations removes the previous ambiguity of 
“ convection heat input in still ambient air at 800°C ” but does not specify a value 
for the coefficient, requiring the designer to justify the assumptions. A significant 
proportion of the heat input may derive from convection, particularly when the outer 
surface is finned and early in the test when the surfaces are relatively cool.

E-628.9. The effects o f the thermal test are, o f course, dominated by increased 
package temperatures and consequent effects such as high internal pressures. The 
peak temperature depends to some extent on the initial temperature, which should 
therefore be determined using the highest appropriate initial conditions o f internal 
heat generation, solar heating and ambient temperature. For a practical test, not all 
o f these initial conditions will be achievable, so appropriate measurements (e.g. 
ambient temperature) should be made, and package temperatures corrected after 
the test.
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E-628.10. The fire conditions defined in the Regulations and the requirement for 
full engulfment for the duration of the test represent a very severe test of a package. 
It is not intended to define the worst conceivable fire. In practice, some parameters 
may be more onerous than specified in the Regulations but others would be less 
demanding. For example, it is difficult to conceive o f a practical situation where all 
surfaces o f a package could experience the full effects o f the fire, since it would be 
expected that a significant fraction of the surface area would be shielded, either by 
the ground or wreckage and debris arising from the accident. Emphasis has been 
placed on the overall fire prescription rather than on the individual parameters 
chosen, and in this respect the conditions specified represent a very severe test for 
any package [39]. It should also be emphasized that the thermal test is only one of 
a cumulative series o f tests which must be applied to yield the maximum damage in 
a package. This damage must remain demonstrably small in terms of stringent 
criteria o f containment integrity, external radiation level and nuclear criticality 
safety.

E -629 .1. As a result of transport accidents near or on a river, lake or sea, a package 
could be subjected to an external pressure from submersion under water. To simulate 
the equivalent damage from this low probability event, transport regulations require 
that a packaging be able to withstand external pressures resulting from submersion 
at reasonable depths. Engineering estimates indicated that water depths near most 
bridges, roadways or harbours would be less than 15 m. Consequently, 15 m was 
selected as the immersion depth for packages (it should be noted that packages 
containing large quantities o f irradiated nuclear fuel must be able to withstand a 
greater depth (see para. 630)). While immersion at depths greater than 15 m is 
possible, this value was selected to envelop the equivalent damage from most trans
portation accidents. In addition, the potential consequences of a significant release 
would be greatest near a coast or in a shallow body of water. The eight hour time 
period is sufficiently long to allow the package to come to a steady state from rate 
dependent effects o f immersion (e.g. flooding of exterior compartments).

E -629.2. Since the primary purpose o f the immersion test is to demonstrate that a 
package can maintain its structural integrity when subjected to an external pressure, 
a pressure test or calculation can be substituted for actual immersion.

Water immersion test for packages containing irradiated nuclear fuel

E-630. See paras E -550 .1 to E-550.3 and E -629 .1 and E-629.2.

Water leakage test for packages containing fissile material

E-632. This test is required because water in-leakage may have a large effect on the 
allowable fissile material content of a package. The sequence o f tests is selected to
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provide conditions which will allow the free ingress o f water into the package, 
together with damage which could rearrange the fissile contents.

E-633. The submersion test is intended to ensure that the criticality assessment is 
conservative. The sequence o f tests prior to the submersion subject the package to 
accident simulating conditions similar to those which it could encounter during a 
severe accident near or on water in transport.
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Section VII
APPROVAL AND ADMINISTRATIVE REQUIREMENTS

GENERAL

E-701. See paras E -l 13.1 to E -l 13.3 and E -l 14.

APPROVAL OF PACKAGE DESIGNS 

Approval of Type B(M) package designs

E-708. Information given by the applicant with regard to subparas 708(a) and 
708(b) will enable the competent authority to assess the implications of the lack of 
conformance of the Type B(M) design with Type B(U) requirements as well as to 
determine whether the proposed supplementary controls are sufficient to provide a 
comparable level o f safety. The purpose of supplementary controls is to compensate 
for the safety measures that could not be incorporated into the design. Through the 
mechanism of multilateral approval the design of a Type B(M) package is adequately 
assessed by competent authorities in all countries through or into which such pack
ages are transported.

Approval of package designs for fissile material

E-710. Multilateral approval is required for all package designs for fissile material 
primarily because o f the nature o f the criticality hazard and the importance of 
maintaining subcriticality at all times in transport. Moreover, the regulatory provi
sions for package design for fissile materials allow complete freedom as to the 
methods, usually computational, by which compliance is demonstrated. It is there
fore necessary that competent authorities assess and approve all package designs for 
fissile materials.

Approvals under the 1967, 1973 and 1973 (As Amended) Editions of the 
Regulations

E-713.1. As a consequence of adopting the 1973 Revised Edition and the 1973 
Revised Edition (As Amended) o f the Regulations, package design approvals based 
on the 1967 Edition of the Regulations were no longer valid. Continued operational 
use o f such packaging required either that the design be reviewed and approved 
according to the 1973 Editions o f the Regulations, or that shipments be reviewed and
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approved as special arrangements. In other words, continued operational use 
required the consignor to prepare for a full reapproval effort without any possibility 
o f quoting particular circumstances such as limited additional operational lifetim e,, 
or self-imposed shipment limitations regarding, for instance, mode of transport, or 
specific operational controls; alternatively, the consignor could apply for a special 
arrangement shipment approval, which, conceptually, requires an effort similar to 
that of reapproval in that the design must be evaluated against the Regulations proper 
in order to determine the need for compensatory operational controls. It can further
more be argued that special arrangement approvals were never intended as a means 
o f ‘grandfathering’ designs approved under an earlier edition of the Regulations, and 
that thus there has not existed any possibility o f readily distinguishing ‘regular’ 
special arrangement approvals from similar approvals that are truly ‘grandfather’ 
approvals. In summary, a need was identified in the early 1980s to allow continued 
operational use o f packagings whose design has been approved under a previous 
edition of the Regulations, to provide in the Regulations suitable provisions to govern 
such approvals, and to identify such approvals as being different from special 
arrangement approvals.

E-713.2. When the Regulations are revised it is obvious that a design approved 
under a previous edition of the Regulations cannot automatically be said to meet all 
the detailed provisions of the new Regulations. Depending on, the nature of the 
changes and the packages involved, it may well be that the overall level o f safety 
defined by the old and new versions o f the Regulations is sufficiently similar to allow 
continued use of packagings manufactured to a design approved under the old 
Regulations, subject to suitable additional controls or limitations, as appropriate. In 
the process of revising the Regulations it has been determined that this is indeed the 
situation, and also that provisions needed to be established for the purpose of 
‘grandfathering’.

E-713.3. When the Regulations are revised it is common practice to arrange for a 
transition period over which the old Regulations may still, to some defined extent, 
be applied. The reason for this is that otherwise approval would be needed on the 
very day that the revised Regulations are published or enter into force. It is also 
entirely proper to allow, within their working lifetime, adequate commercial exploi
tation of designs, and packagings constructed to designs, which were approved under 
the old Regulations. Obtaining such approvals within a very short period of time 
usually proves to be very difficult. A prerequisite for this practice o f accepting a 
transition period is usually that an ongoing practice would not be seriously defective 
in terms of safety. It should also be noted that an ongoing practice does not become 
more (or less) dangerous because the Regulations controlling this practice are 
changed. Regulatory changes are usually made in order to improve the safety or 
some other characteristic o f an operation in the long term.
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E-713.4. In the process of developing the 1985 Edition of the Regulations it was 
determined that there was no need for an acute and quick change of the Regulations, 
but that changes aiming at a long term improvement o f safety in transport were justi
fied. Because o f this assessment it was also decided to accept continued operational 
use o f packages approved both under the 1967 and 1973 Editions o f the Regulations. 
Continued use o f existing packagings with a 1967 Edition based package design 
approval is subject to multilateral approval in order to permit competent authority 
establishment o f a framework within which continued use may be approved. The 
objective o f addressing the long term improvement of safety is thereby maintained.

E-713.5. See para. E-438.2.

E-714.1. See paras E-713.1 to E-713.5.

E-714.2. The time periods for which the packaging may continue in use without a 
multilateral approval and serial number or for which new construction of packagings 
may be initiated have been determined on the basis of an assessment o f the time 
needed to incorporate the 1985 Edition of the Regulations into national or 
international regulations.

NOTIFICATION AND REGISTRATION OF SERIAL NUMBERS

E-715.1. Within its compliance assurance programme the competent authority is 
required to monitor specific facets associated with the design, manufacture and use 
o f packagings (see para. 210). In order to verify adequate performance, positive 
identification of some packagings in the form of serial numbers is required to be 
made available to the competent authority, and the competent authorities are to 
maintain a register o f the serial numbers. On the basis of the graded approach defined 
in para. 134, Type B(M) packages, Type B(U) packages and packages for fissile 
material have been identified as being of special importance with regard to com
pliance assurance and a serial number for each package has been required (see 
para. 438 and para. E-438.2).

E-715.2. Packagings approved for continued use under the ‘grandfather’ provisions 
in paras 713 and 714 are also to be assigned a serial number. The serial number, 
and competent authority knowledge of this serial number, are essential in that the 
number establishes a possibility to positively identify which single individual packag
ings have been approved under the respective ‘grandfather’ provision.

APPROVAL OF SHIPMENTS

E-716. Where shipment approvals are required, such approvals must cover the 
entire movement of a consignment from origin to destination. If  the consignment
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crosses a national border the shipment approval must be multilateral, i.e. the ship
ment must be approved by the competent authority o f the country in which the 
shipment originates, and by the competent authorities o f all the countries through or 
into which the consignment is transported. The purpose o f the requirement o f multi
lateral approval is to enable the competent authorities concerned to judge the need 
for any special controls to be applied during transport.

E-717. According to subparas 701(b) and 701(c) package design approvals are 
required for defined package designs. Some of those packages may be transported 
without additional shipment approval, while for others such approval is required (see 
para. 716). In some cases, an additional shipment approval is required because oper
ational or other controls may be necessary and those controls may be dependent on 
the actual package contents. In situations where the need for controls during ship
ment can be determined at the design review and approval stage the need to review 
single shipments does not exist. In such cases the package design and shipment 
approvals may be combined into one approval document.

APPROVAL OF SHIPMENT UNDER SPECIAL ARRANGEMENT

E-720. The Regulations have been established with the intent o f making shipments 
o f radioactive material both safe and efficient. To this end Regulations have been 
based on actual and reasonably foreseeable shipment needs. Although the aim has 
been to have the Regulations encompass all shipment needs, practical circumstances 
such as technological development regarding the use o f radioactive materials, as well 
as changes in the transport industry, may create situations where a transport need 
cannot be satisfied by a strict application of all o f the requirements in the Regula
tions. However, the shipment need may be fulfilled by applying the intent o f the 
Regulations. In other words, it is recognized that the required safety in transport can 
be satisfied either by applying all of the requirements in the Regulations or by 
applying compensatory measures in cases o f inability or failure to meet one or more 
o f the requirements o f the Regulations. Such compensatory measures shall bring the 
overall safety in transport to that which would be provided had the detailed require
ments been met. For this reason, shipment under special arrangement has been 
included in the Regulations where multilateral approval is required in order to ensure 
adequate safety is provided for the entire movement.

COMPETENT AUTHORITY APPROVAL CERTIFICATES 

Competent authority identification marks

E-724.1. It is essential that easy means are available for determining under which 
edition of the Regulations the original package design approval was issued,
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preferably in the identifier code. By adding the symbol ‘-85’ to the identifier code 
this will be achieved.

Example:

Edition of Regulations Package design identifier code

1967 Edition 
1973 Edition 
1985 Edition

A/132/B
A/132/B(U), or A/132/B(M) 
A/132/B(U)-85, or A/132/B(M)-85

E-724.2. This technique of adding a symbol may continue to be used provided later 
editions of the Regulations essentially maintain the present package design 
classification.

CONTENTS OF APPROVAL CERTIFICATES

E-726. The purpose o f the careful description of approval certificate content is 
twofold. It aims at providing assistance to competent authorities in designing their 
certificates, and it facilitates any checking of certificates, because the information 
they contain is standardized.

E-727. See para. E-726.

E-728. See para. E-726.

E-729. See para. E-726.
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Appendix I

TH E Q SY ST E M  F O R  TH E CALCULATION  O F A, AND A2 V A LU ES1 

A I .l. INTRODUCTION

An essential part of the work which led to redefining the Ai and A2 values in 
the 1985 Edition o f Safety Series No. 6 entailed a re-examination o f the dosimetric 
models used in the derivation of the Type A package contents limits. These limits 
are also used for several other purposes in the Regulations such as in specifying 
Type B package activity leakage limits, LSA (low specific activity) and excepted 
package contents limits [40, 41]. The re-examination of the earlier models in turn 
resulted in the development o f the Q system, an improved method for the evaluation 
of the contents limits for special form (non-dispersible) and non-special form (disper
sible) radioactive materials, the A, and A2 values, respectively.

This work, which has been reported extensively elsewhere [42-47], was 
considered by the IAEA panels reviewing the Regulations and by SAGSTRAM.

The revised methods o f determining A! and A2 values are reported here. The 
earlier, somewhat pragmatic, dosimetric models incorporated into the 1973 Edition 
of the Regulations have been extended and improved and now have a firmer physical 
basis which is more defensible in public debate. In addition, they incorporate the 
latest metabolic data and concepts recommended in ICRP Publications 26 and 30 
[2, 48]. A comprehensive account o f the basis o f the Q system and the detailed 
considerations underlying the methods used in the derivation of Ax and A2 values 
set forth in the 1985 Edition of Safety Series No. 6 are given below.

AI.2. BACKGROUND

The various limits for the control of releases o f radioactivity from transport 
packages prescribed in the Regulations are based upon the activity contents limits for

1 The development of the ‘Q system’ was performed by H.F. Macdonald and 
E.P. Goldfinch of the United Kingdom Central Electricity Generating Board through a 
Research Agreement with the International Atomic Energy Agency. A summary report of this 
activity was published in 1986 in the Agency’s Technical Document series as IAEA- 
TECDOC-375 entitled International Studies on Certain Aspects of the Safe Transport of 
Radioactive Materials, 1980-1985. The contribution by the members of an IAEA Special 
Working Group meeting in London to the refinement of the original Q system concepts is 
acknowledged. In addition, K. Eckerman of the Health and Safety Division, Oak Ridge 
National Laboratory, USA, undertook the verification of the Q values under the sponsorship 
of the US Department of Transportation, and K. Shaw of the National Radiological Protection 
Board, United Kingdom, provided ALI values for radionuclides not included in ICRP Publica
tion 30. Finally, G. Swindell, formerly of the IAEA Division of Nuclear Safety and Environ
mental Protection, provided continuing input during the development of the Q system.
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Type A packages. Type A packages are intended to provide economical transport for 
large numbers of small activity consignments, while at the same time achieving a 
high level of safety. The contents limits are set so as to ensure that the radiological 
consequences o f severe damage to a Type A package are not unacceptable and design 
approval by the competent authority is not required, except for packages containing 
fissile material.

Activities in excess o f the Type A package limits are covered in the Regula
tions by the requirements for Type B packages, which do require competent 
authority approval. The design requirements for Type B packages are such as to 
reduce to a very low level the probability o f significant activity release from such 
packages as a result o f a very severe accident.

Originally, radionuclides were classified into seven groups for transport 
purposes [49, 50], each group having its Type A package contents limits for special 
form radioactive material and for material in all other forms. Special form radioac
tive material was defined as that which was non-dispersible when subject to specified 
tests. In the 1973 Regulations the group classification system was developed into the 
A]/A2 system [40, 41], in which each nuclide has a Type A package contents limit, 
A! curies, when transported in special form and a limit, A2 curies, when not in 
special form.

The dosimetric bases of the Aj/A2 system relied upon a number of somewhat 
pragmatic assumptions. A whole body dose limit of 3 rem (30 mSv) was assumed 
in the derivation o f A] although in calculating A, values the exposure was limited 
to 3 R at a distance o f 3 m in a period of 3 h (see para. 4 .12 o f Ref. [51]). Also, 
an intake o f 10~6 X A2, leading to half the maximum permissible annual intake for 
a radiation worker, was assumed in the derivation of A2 as a result o f a ‘median’ 
accident. The median accident was defined arbitrarily as one which leads to complete 
loss of shielding and to a release of 10“3 of the package contents in such a manner 
that 10~3 of this released material was subsequently taken in by a bystander. The Q 
system described here includes consideration of a broader range of specific exposure 
pathways than the earlier A]/A2 system. Many o f the assumptions made are similar 
to those stated, or implied, in the 1973 Edition of the Regulations, but in situations 
involving the intake of radioactive material use is made of new data and concepts 
recently recommended by the ICRP [2, 48], In particular, subjective assumptions are 
made regarding the extent o f package damage and release of contents, as discussed 
later, without reference to a ‘median’ accident.

A I.3. BASIS OF THE Q SYSTEM

Under the Q system a series of exposure routes are considered, each of which 
might lead to radiation exposure, either external or internal, to persons in the vicinity 
o f a Type A package involved in a severe transport accident. The dosimetric routes 
are illustrated schematically in Fig. 1 and lead to five contents limit values QA, QB,
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Q c, Qd and QE, for external photon dose, external beta dose, inhalation dose, skin 
and ingestion dose due to contamination transfer, and submersion dose, respectively. 
Contents limits for special form alpha and neutron emitters and tritium are consid
ered separately. In addition, consideration is given to the physical form o f package 
contents where physical characteristics may be more restrictive than radiological 
considerations.

Type A package contents limits are determined for individual radionuclides, 
as in the 1973 Edition of the Regulations. The A] value for special form materials 
is the lesser o f the two values QA and QB, while the A2 value for non-special form 
radioactive materials is the least of A, and the remaining Q values. Specific 
assumptions concerning the exposure pathways used in the derivation o f individual
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Q values are discussed below, but all are based upon the following fundamental 
assumptions:

(a) The effective or committed effective dose equivalent to a person exposed in 
the vicinity o f a transport package following an accident should not exceed the 
annual dose limit for radiation workers, namely 50 mSv (5 rem).

(b) The dose or committed dose equivalent received by individual organs, includ
ing the skin, of a person involved in the accident should not exceed 0.5 Sv 
(50 rem), or in the special case o f the lens o f the eye 0.15 Sv (15 rem).

(c) A person is unlikely to remain at 1 m from the damaged package for more than 
30 minutes.

The annual dose or intake limits for radiation workers now replace the earlier 
quarterly limits used in the 1973 Regulations, the latter limits no longer being 
included in the recommendations o f the ICRP [2]. For Safety Series No. 6 , this 
approach was considered to be acceptable on a once in a lifetime basis for members 
o f the public inadvertently exposed near the scene o f a severe accident involving a 
Type A package. Compliance with assumptions (a) and (b) above is automatically 
ensured by the use o f the lowest o f the stochastic or non-stochastic annual limit of 
intake (ALI) or the derived air concentration (DAC) values recommended by the 
ICRP [50], as appropriate.

Further, the exposure period of 30 minutes at a distance o f 1 m is a cautious 
judgement o f the incidental exposure of persons initially present at the scene o f an 
accident, it being assumed that subsequent recovery operations take place under 
health physics supervision and control. This is considered to be more realistic than 
the earlier assumption of exposure for 3 h at a distance o f 3 m. Coupled with the 
dose limits cited above it leads to a limiting dose rate from the damaged package for 
whole body photon irradiation of 0.1 Sv-h ' 1 at 1 m.

A I.4. DOSIMETRIC MODELS AND ASSUMPTIONS

In this section the dosimetric models and assumptions underlying the derivation 
of five principal Q values are described in detail. The specific radiation pathways 
considered are outlined and the considerations affecting the methods of derivation 
used are discussed.

AI.4.1. Qa — external dose due to photons

The Qa value for a radionuclide is determined by consideration of the exter
nal radiation dose due to gamma or X  rays to the whole body of a person exposed 
near a damaged Type A package following an accident. The shielding of the package 
is assumed to be completely lost in the accident and the consequent dose rate at a
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distance of 1 m from the edge (or surface) of the unshielded radioactive material is 
limited to 0.1 S v -lT 1. Assuming further that the damaged package may be treated 
effectively as a point source, the free air exposure rate at 1 m can be expressed as 
D =  1.4 X 1 0 "  X C X E7 R - h '1, where C is the source activity in Bq and Ey is 
the mean photon energy release per disintegration expressed in MeV [52, 53]. The 
assumption that the unshielded source is a point source leads to a conservative esti
mate of the exposure rate, i.e. the estimate is maximized. The range of variation in 
the numerical constant in this expression for photon energies in the range 50 keV 
to 5 MeV is ± 3 0 % , while over the same energy range the effective dose equivalent 
per unit exposure in free air is approximately 0.67 x  10~2 S v -R "1 (see Fig. 10 of 
Ref. [54]). This leads to an expression for QA of 1.07 X 1012/E7 Bq, which in the 
derivation of the results presented here has been rounded to give:

Q a  =  ~ c  / !  \r\ T B c lE7 (MeV)

The values of E7 employed here were determined with allowance for the 
detailed decay schemes of individual radionuclides [55, 56], with no lower energy 
limit cut-off applied. This approach is not strictly valid for E7 values below 50 keV, 
since the exposure per unit energy flux increases rapidly, while the effective dose 
equivalent per unit exposure decreases, with decreasing gamma energy. These two 
effects compensate to some degree so that the above expression remains valid within 
the stated limits down to about 20 keV, although for weak gamma or soft X  ray 
emitters o f around 10 keV energy it may overestimate QA values by about an order 
o f magnitude. This effect is only important where E7 is dominated by photon emis
sions in this range and has been ignored in the tabulation of QA values presented 
here.

AI.4.2. Qb — external dose due to beta emitters

The Qb value is determined by consideration of the beta dose to the skin of 
a person exposed following an accident involving a Type A package containing 
special form radioactive material. The shielding of the transport package is again 
assumed to be completely lost in the accident, but the concept of a residual shielding 
factor for beta emitters (associated with materials such as the beta window protector, 
package debris, etc.) included in the 1973 Regulations is retained [2]. These assumed 
a very conservative shielding factor o f 3 for beta emitters o f maximum energy 
> 2  MeV and within the Q system this practice is extended to include a range of
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MAXIMUM BETA ENERGY (MeV)

FIG. 2. Shielding factor as a function o f  beta energy. Shielding factor = e 1̂ , fi = 0.017 
X E ~'fimax' d = 150 mg-cm'2.

shielding factors dependent on beta energy based on an absorber o f approximately 
150 m g-cm ' 2 thickness as follows:

E(3max (MeV) Shielding factor

< 0 .5  > 1 0 0
0.5 -  < 0 .7  100
0 .7  -  < 1 .0  20
1.0 -  < 1 .5  6
1.5 -  < 2 .0  3

> 2.0 2

These factors are derived from the standard expression for the attenuation of beta 
rays as a function of energy [57], and the approximation involved can be seen from 
Fig. 2 , in which the above values are compared with the continuous curve obtained 
from the full analytical expression. In addition, the factors used here differ from
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MAXIMUM BETA ENERGY (MeV)

FIG. 3. Variation with energy o f  external beta dose rate to skin at 1 m from a point source 
o f 37 MBq.

those originally used in the Q system [43] in that no attempt is made to represent 
any self-shielding effects associated with the beta source itself.

On the basis of the dose limits cited earlier, the beta dose equivalent rate to 
the skin at 1 m from the damaged package is limited to 1 S v -h '1; this is closely 
equivalent to an absorbed beta dose rate in air o f 1 G y-h_1. The variation of beta 
dose rate with maximum beta ray energy at 1 m from a 37 MBq (1 mCi) source is 
shown in Fig. 3 (the values plotted have been extrapolated using results published 
by Cross et al. [58]); also shown as a solid line is the simplified representation of 
these data which in conjunction with the shielding factors and dose rate limit cited 
above lead to the full set of QB values as follows:

(MeV) Qb (TBq)

< 0 .5  
0 .5  -  < 0 .7  
0 .7  -  < 1 .0  
1.0 -  < 1 .5  
1.5 -  < 2 .0  

> 2.0

> 3 7 0
21

4.2
0.63
0.32
0.21
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For radionuclides having more than one beta ray end point energy, the weighted 
maximum beta energy is used in deriving QB values, taking into account their 
detailed decay schemes [55, 56]. Further, it should be noted that although the dose 
limit for the lens of the eye is lower than that for the skin (0.15 Sv as compared with 
0 .5 Sv), consideration of the depth doses in tissues for beta emitters and in particular 
the absorption at the 300 mg • cm-2 depth of the sensitive cells o f the lens epithelium 
indicates that the dose to the skin is always limiting for maximum beta energies up 
to approximately 4 MeV [2, 58, 59]. Specific consideration of the dose to the lens 
o f the eye is thus unnecessary.

Finally, mention should be made of the treatment of positron annihilation 
radiation and conversion electrons in the determination of Q values. The latter are 
treated as beta particles of maximum energy equal to the conversion electron energy 
or an equivalent weighted value where more than one decay energy is involved 
[55, 56]. In the case o f annihilation radiation this has not been included in the evalua
tion of the beta dose to the skin since it contributes only an additional few per cent 
to the local dose to the basal layer. However, the 0.51 MeV gamma rays are included 
in the photon energy per disintegration used in the derivation of QA as discussed 
above.

AI.4.3. Qc — internal dose via inhalation

The Qc value for a radionuclide transported in a non-special form is deter
mined by consideration of the inhalation dose to a person exposed to the activity 
released from a damaged Type A package following an accident. Compliance with 
the limiting doses cited earlier is ensured by restricting the intake of activity under 
accident conditions to the ALI recommended by the ICRP [48]. The concept o f the 
‘median’ accident used in the 1973 Regulations is no longer employed since its defi
nition involved a circular argument, namely that a median accident was one leading 
to a release o f 10 '3 o f the package contents coupled with a dosimetric model which 
assumed that such an accident released 10“3 of the package contents and that 10 '3 
of this release was incorporated into a person.

Under the Q system a range of accident scenarios is considered, including that 
originally proposed for the derivation of Qc , encompassing accidents occurring 
both indoors and out o f doors and including the possible effects o f fires. In the 1973 
Regulations it was assumed that 10“3 of the package contents might escape as a 
result o f a median accident and that 10-3 of this material might be taken into the 
body of a person involved in the accident [41]. This results in a net intake factor of 
10“6 of the package contents and this value has been retained within the Q system. 
However, it is now recognized as representing a range of possible release fractions 
and uptake factors and it is convenient to consider intake factors in terms of these 
two parameters independently.
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The range of release fractions now recognized under the Q system, namely 
10~3- i0 ~ 2, covers that represented by the earlier assumption in the 1973 Regula
tions and the original proposal within the Q system [42, 43]. Underlying this there 
is the tacit assumption, also contained in the 1973 Regulations, that the likelihood 
of a ‘major accident’ which could cause the escape of a large part of the package 
contents is small [41]. To a large extent this approach is borne out by the behaviour 
o f Type A packages in severe accident environments [60-62],

Data on the respirable aerosol fractions produced under accident conditions are 
generally sparse and are only available for a limited range o f materials. For example, 
for uranium and plutonium specimens under enhanced oxidation rate conditions in 
air and carbon dioxide, respirable aerosol fractions up to approximately 1 % have 
been reported [63]. However, below this level the aerosol fractions showed wide 
variations dependent on the temperatures and local atmospheric flow conditions 
involved. In the case o f liquids, higher fractional releases are obviously possible, but 
here the multiple barriers provided by the Type A package materials, including 
absorbent and lead shielding pot, remain an effective containment system even after 
severe impact or crushing accidents [62]. Indeed, in an example cited of an 
iodine-131 source which was completely crushed in a highway accident, less 
than 2 % of the package contents remained on the road after removal o f the package 
debris [64],

Potentially the most severe accident environment for many Type A packages 
is the combination of severe mechanical damage with a fire. However, even in this 
situation the role o f debris may be significant in retaining released activity, as 
appeared to have happened in the 1979 Athens DC8 aircraft accident [61, 62]. 
Frequently fires produce relatively large particulate material which would tend to 
minimize any intake via inhalation, while at the same time providing a significant 
surface area for the absorption of volatile species and particularly vaporized liquids. 
A further mollifying factor is the enhanced local dispersion associated with the 
convective air currents due to the fire, which would also tend to reduce intake via 
inhalation.

On the basis of considerations o f the type outlined here a release fraction in 
the range of 10 ' 3- 10 '2 was assumed to be appropriate for the determination of 
Type A package contents limits within the Regulations.

The lO ^ -lO ' 3 range of uptake factors now used within the Q system is based 
upon consideration of a range of possible accident situations, both indoors and out 
o f doors. The original Q system proposals considered exposure within a store room 
or cargo handling bay of 300 m 3 volume with four room air changes per hour. 
Assuming an adult breathing rate o f 3.3 x  10~4 m 3/s, this results in an uptake 
factor o f approximately 10~3 for a 30 minute exposure period. An alternative acci
dent scenario might involve exposure in a transport vehicle o f 50 m 3 volume with 
ten air changes per hour, as employed in the determination of the Type B package 
normal transport leakage limit in the 1973 Edition of the Regulations. Using the same
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breathing rate and exposure period as above, this leads to an uptake factor of 
2 .4  x  1CT3, o f the same order as the value obtained above.

For accidents occurring out o f doors the most conservative assumption for the 
atmospheric dispersion of released material is that o f a ground level point source. 
Tabulated dilution factors for this situation at a downwind distance o f 100 m range 
from 7 x  10"4 to 1.7 X 10 2 s-m ~3 [65], corresponding to uptake factors in the 
range 2.3 x  10~7 to 5 .6  x  10~6 for the adult breathing rate cited above. These 
values apply to short term releases and cover the range from highly unstable to highly 
stable weather conditions; the corresponding value for average conditions is
3.3 x  10-7, towards the lower end of the range quoted above.

Extrapolation of the models used to evaluate the atmospheric dilution factors 
used here to shorter downwind distances is unreliable, but reducing the exposure 
distance by an order of magnitude to 10 m would increase the above uptake factors 
by about a factor o f 30. This indicates that as the downwind distance approaches a 
few metres the uptake factors would approach the 10' 4- 10“3 range used within the 
Q system. However, under these circumstances other factors which would tend to 
reduce the activity uptake come into effect and may even become dominant. The 
additional turbulence to be expected in the presence o f a fire has been mentioned 
earlier. Similar reductions in airborne concentrations can be anticipated as a result 
o f turbulence originating from the flow of air around any vehicle involved in an 
accident or from the effects o f nearby buildings.

Thus on balance it is seen that uptake factors in the range of 10-4—10-3 appear 
reasonable for the determination of Type A package contents limits. Taken in 
conjunction with the release fractions discussed earlier, the overall intake factor of 
10~6 was used, as in the 1973 Regulations. However, within the Q system this value 
represents a combination of releases typically in the range up to 10~3- 10~2 o f the 
package contents as a respirable aerosol, combined with an uptake factor o f up to 
10~4- 1 0 ~3 o f the released material. Together with the limiting doses cited earlier, 
this leads to an expression for the contents limit based on inhalation of the form:

QC -  ^ 2 3 )  TB„ 10

This expression does not explicitly take account of the chemical form in which 
material is transported, but the use o f the most restrictive o f the ALI values recom
mended by the ICRP ensures that the most restrictive situation is considered. Where 
the likely degree o f solubility or the chemical form (organic or inorganic) of a 
particular radionuclide is known, the degree of pessimism introduced by this proce
dure can be quantified by reference to the tabulated ALI values [48].
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FIG. 4. Variation o f  beta dose rate due to skin contamination with energy [59], Beta dose 
rate at depth o f  5-10 mg-cm"2 in tissue for plane source o f  0.37 TBq-m~2.

AI.4.4. Qd — skin contamination and ingestion doses

The Qd value for beta emitters is determined by consideration o f the beta dose 
to the skin o f a person contaminated with non-special form radioactive material as 
a consequence o f handling a damaged Type A package. This is a dosimetric route 
which was not considered previously. The model proposed within the Q system 
assumes that 1 % of the package contents are spread uniformly over an area o f 1 m2; 
handling of the debris is assumed to result in contamination of the hands to 10% of 
this level [66]. It is further assumed that the exposed person is not wearing gloves 
but would recognize the possibility o f contamination or wash the hands within a 
period of 5 hours.

Taken individually, these assumptions are somewhat arbitrary, but as a whole 
they represent a reasonable basis for estimating the level of skin contamination which 
might arise under accident conditions. This is 10 3 X  QD m"2, with a dose rate 
limit for the skin o f 0.1 Sv-h ' 1 based on a 5 hour exposure period. Noting the 
equivalence o f grays and sieverts for beta irradiation, these parameters coupled with
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the beta dose rate data shown in Fig. 4 result in the following values o f QD as a 
function of weighted maximum beta energy:

E0max (MeV) Qd (TBq)

< 0.1 < 4 6
0.1 - < 0 .1 5 9.3
0.15 - < 0.2 2.3
0.2 - < 0 .5 0.93

> 0 .5 0.46

The data of Fig. 4 are the beta dose rates at a depth of 5 -10  m g-cnT2 in tissue for 
an extended plane source of 0 .37 TBq-m "2 (1 m C i-cm '2) [59]; this depth is that 
recommended by the ICRP for the estimation of the depth of the sensitive basal layer 
o f the skin [67], while the solid line shown in Fig. 4  is the simplified representation 
o f these data for a representative basal layer depth of 7 m g-cm '2.

The models used in deriving the QD values here may also be employed to esti
mate the possible uptake of activity via ingestion. Assuming that a person may ingest 
all the contamination from 10~3 m2 (10 cm2) of skin over a 24 hour period [66], the 
resultant intake is 10 -6 x Qd, compared with that via inhalation of 10 6 X Qc 
derived earlier. Since the dose per unit intake via inhalation is generally o f the same 
order or greater than that via ingestion [48], the inhalation pathway will normally 
be limiting for internal contamination due to beta emitters under the Q system. 
Where this does not apply, almost without exception QD <  Qc , and explicit 
consideration of the ingestion pathway is unnecessary.

AI.4.5. Qf — submersion dose due to gaseous isotopes

The Qe value for gaseous isotopes which do not become incorporated into the 
body is determined by consideration of the submersion dose following their release 
in an accident when transported as non-special form radioactive materials in either 
a compressed or an uncompressed state. A rapid 100% release o f the package 
contents into a store room or cargo handling bay of dimensions 3 x  10 x  10 m3 
with four air changes per hour is assumed. This leads to an initial airborne concentra
tion of Qe/300 m“3, which falls exponentially with a decay constant of 4 h“’ as a 
result o f ventilation over the subsequent 30 minute exposure period to give a mean 
concentration level of 1.44 x  10 ' 3 X QE m “3. Over the same period the concentra
tion leading to the dose limits cited earlier is 4000 x  DAC (Bq-m "3), where DAC 
is the derived air concentration recommended by the ICRP for 40 hours per week 
and 50 weeks per year occupational exposure in a 500 m3 room [45]; hence:

QE =  2.8 x  10~6 x  DAC (B q -m '3) TBq
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The use of DACs in the derivation of QE here automatically ensures that the most 
restrictive limit, i.e. effective dose equivalent, skin or eye dose, is applied. Also, 
the derivation given here applies to noble gases which are not incorporated into the 
body and whose daughter products are either a stable nuclide or another noble gas 
isotope. In the few cases where this condition is not fulfilled, dosimetric routes other 
than submersion in a radioactive cloud must be considered, as discussed below.

AI.5. SPECIAL CONSIDERATIONS

The dosimetric models described in the previous section apply to the vast 
majority of radionuclides o f interest and may be used to determine their Q values 
and associated A! and A2 values. However, in a limited number o f cases the models 
are inappropriate or require modification. The special considerations which apply in 
such circumstances are discussed in this section.

AI.5.1. Alpha and neutron emitters

For alpha emitters it is not in general appropriate to calculate QA or QB values 
for special form material, owing to their relatively weak gamma and beta emissions. 
In the 1973 Edition of the Regulations an arbitrary upper limit for special form alpha 
sources o f 103 X A2 was introduced [40]. There is no dosimetric justification for 
this procedure and in recognition of this, coupled with the good record in the trans
port of special form radioactive materials and the reduction in many Qc values for 
alpha emitters resulting from the use o f the latest ICRP recommendations, a tenfold 
increase in the arbitrary factor o f 103 above was used. Thus an additional Q value, 
Qf =  104 X Qc , is defined for special form alpha emitters and is listed in the 
column headed QA where appropriate in the tabulation of Q values. Overall, the 
special form alpha limits remain unchanged or are increased slightly compared with 
those in the 1973 Edition of the Regulations since changes in ICRP data reduce many 
of the Qc values for alpha emitters by factors o f up to 10. Finally, with respect to 
the ingestion of alpha emitters, arguments analogous to those used for beta emitters 
in the discussion on QD apply and the inhalation rather than the ingestion pathway 
is always more restrictive; hence the latter is not explicitly considered.

In the case o f neutron emitters it was originally suggested under the Q system 
that there were no known situations with (a,n) or (7 ,n) sources or the spontaneous 
neutron emitter californium-252 for which neutron dose would contribute signifi
cantly to the external or internal radiation pathways considered earlier [43]. 
However, neutron dose cannot be neglected in the case o f californium-252 sources. 
Data given in ICRP Publication 21 for neutron and gamma emissions indicate a dose 
rate o f 2 .54  x  103 re m -lr1 at 1 m from a 1 g californium-252 source [68]. 
Combined with the dose rate limit of 10 rem - h '1 at this distance cited earlier, this
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leads to a QA value for californium-252 of 0 .095 TBq, which is more restrictive 
than the QF value o f 10 TBq obtained on the basis o f the revised expression for 
special form alpha emitters. The neutron component dominates the external dose due 
to a californium-252 source and similar considerations apply to the two other poten
tial spontaneous fission sources curium-248 and californium-254. The QA values for 
these radionuclides were evaluated assuming the same dose rate conversion factor 
per unit activity as for the califomium-252 source quoted above, with allowance for 
their respective neutron emission rates relative to that of this source.

AI.5.2. Bremsstrahlung radiation

The A]/A2 values tabulated in the 1973 Edition of the Regulations are subject 
to an upper cut-off limit of 1000 Ci in order to protect against possible effects of 
bremsstrahlung radiation [40]. Within the Q system this cut-off is retained at 40 TBq. 
However, it is now recognized as an arbitrary cut-off and is not specifically 
associated with bremsstrahlung radiation or any other dosimetric consideration.

AI.5.3. Parent nuclides of short lived daughters

The special case of short lived daughters which may come into equilibrium 
with a longer lived parent during transit is treated under the Q system as in the 1973 
Edition of the Regulations [40]. Thus, on the basis o f an assumed maximum journey 
time of 50 days, short lived daughters of half-life less than 10 days are assumed to 
be in equilibrium with a longer lived parent. In such cases Q values, and hence 
A[/A2 values, for both the parent and daughter nuclides are calculated and the most 
limiting values are assigned to the parent. Furthermore, where this procedure has 
been applied this has been indicated in the tabulations of A] and A2 values. Finally, 
in cases where daughter nuclides have half-lives either greater than 10 days or 
greater than that o f the parent, the parent and such daughters should be treated as 
mixtures o f different radionuclides and their Type A package contents limits deter
mined as discussed below. The tabulation of A,/A2 values considered below has 
been expanded beyond that given in the 1973 Edition of the Regulations to include 
all radioisotopes o f half-life greater than or equal to 10 days.

AI.5.4. Tritium and its compounds

During the development o f the Q system it was considered that liquids contain
ing tritium should be considered separately. The model used was a spill of a large 
quantity o f tritiated water in a confined area followed by a fire. Resulting from these 
assumptions the A2 value for tritiated liquids was set in the 1985 Edition of the 
Regulations at 40 TBq, with an additional condition that the concentration should be 
smaller than 1 TBq/L.
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Comments received during the review process made it clear that the model 1 
used does not represent the common situation where very small quantities o f highly 
concentrated tritiated liquids are shipped. It does, however,;represent an accident 
involving LSA-II, for which a concentration limit o f 1 TBq/L already exists. For 
many consignments the limits set would require the use o f Type B packages without 
a real justification.

On the basis o f the recommendations of a consultants group it was decided to 
change the special limits o f tritiated liquids and make the A2 value o f 40 TBq 
completely general without any restriction on concentration.

AI.5.5. Low specific activity materials

The 1973 Edition of the Regulations recognized a category of materials whose 
specific activities are so low that it is inconceivable that an intake could occur which 
would give rise to a significant radiation hazard, namely low specific activity (LSA) 
materials. These were defined in terms of a model where it was assumed that it is 
most unlikely that a person would remain in a dusty atmosphere long enough to 
inhale more than 10 mg of material [51]. Under these conditions, if  the specific 
activity o f the material is such that the mass intake is equivalent to the activity intake 
assumed to occur for a person involved in an accident with a Type A package, 
namely 10“6 A2, then this material should not present a greater hazard during trans
port than the quantities of radioactivity transported in Type A packages. This 
hypothetical model is retained within the Q system and leads to an LSA limit of 
10"4 X Qc g "1; thus the Q values for those radionuclides whose specific activity is 
below this level are listed as ‘unlimited’ . In the cases where this criterion is satisfied 
the radioactivity associated with 10 mg of the nuclide is less than the appropriate ALI 
value recommended by the ICRP.

Natural uranium and thorium, depleted uranium and other materials such as 
uranium-238, thorium-232 and uranium-235, satisfy the above LSA criterion, as 
does uranium enriched to < 5 %  in uranium-235. However, for uranium-235 enrich
ments in the range from 5 to 20% the permitted intakes of material estimated on the 
basis o f the model outlined above range from 10 to 2 .7  mg because o f the presence 
o f the uranium-234 and uranium-236. These levels o f intake compare with a 
maximum permitted daily intake o f 2 .5  mg of uranium recommended by the ICRP 
on the basis of chemical toxicity considerations [69]. Such considerations will be 
more restrictive than the radiological limits embodied within the Q system for 
uranium-235 enrichments up to approximately 20% , although following the practice 
in the 1973 Edition of the Regulations they are not taken into account in tabulating 
the Q values and associated A!/A2 values for uranium isotopes.

A further consideration relevant to LSA materials in the context of the skin 
contamination model used in the derivation of QD is the mass o f material which 
might be retained on the skin for any significant period of time. The consensus view
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of the Special Working Group meeting was that typically 1-10 m g-cm "2 of dirt 
present on the hands would be readily discernible and would be removed promptly 
by wiping or washing, irrespective o f the possible presence of radioactivity. It was 
agreed that the upper extreme of this range was appropriate as a cut-off for the mass 
o f material retained on the skin and in combination with the skin contamination 
model for QD discussed earlier this results in an LSA limit o f 1 0 '5 X QD g '1. On 
this basis QD values for radionuclides for which this criterion applies are also listed 
as ‘unlimited’ in the tabulation of Q values.

A I.5 .6 . Radon and its daughter products

As noted earlier, the derivation of QE applies to noble gases which are not 
incorporated into the body and whose daughter products are either a stable nuclide 
or another noble gas. In a few cases this condition is not fulfilled and dosimetric 
routes other than external exposure due to submersion in a radioactive cloud must 
be considered [70]. The only case o f practical importance within the context o f the 
Regulations is that o f radon-222, where the lung dose associated with the inhalation 
of the short lived radon daughter products has received special consideration by the 
ICRP [71].

In the derivation of the Q values for radon-222 here, full account is taken of 
the daughter radiations, rather than the most restrictive of the shorter lived daughter 
product Q values being applied as discussed earlier. The inclusion of the daughters 
in this manner results in a small reduction in the QA and QB values compared with 
those obtained on the basis o f the radon-222 radiation alone. The corresponding 
Qc value is 3 .6  TBq; however, allowing for a 100% release of radon, rather than 
the 1 0 '3- 1 0 '2 aerosol release fraction incorporated in the Qc model, this reduces to 
a Qc value in the range 3.6 X 10~3 to 3.6 X 1 0 '2 TBq. Further, treating radon-222 
plus its daughters as a noble gas results in a QE value of 4 .2  X 10“3 TBq, towards 
the lower end of the range of Qc values, and this is the Type A package non-special 
form limit cited for radon-222 in the tabulation of Q values.

A I.6. TABULATION OF Q VALUES

A full listing of Q values determined on the basis o f the models described in 
the previous sections is given in Table A I.l. Also included are the corresponding 
Type A package A, and A2 contents limit values for special form and non-special 
form radioactive materials, respectively. The Q values shown in Table A I.l have 
been rounded to two significant figures and the A] and A2 values to one significant 
figure; in the latter case the arbitrary 40 TBq cut-off has also been applied.
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A comparison of A,/A2 values determined on the basis o f the Q system with 
those in the 1973 Edition o f the Regulations is presented in Fig. 5 for a representative 
range of radionuclides. In general, the Q system values lie within a factor o f 2 -3  
o f the earlier values. Where major variations occur these are generally associated 
with reductions in the Type A package contents limits for beta emitters determined 
by Qb and particularly QD. In addition, relaxations in the contents limits occur for 
some special form alpha emitters as a result o f the revised definition of QF and in 
certain instances the changes in dosimetric data recommended by the ICRP, as in the 
case of strontium-90.

In drafting the 1973 Edition of the Regulations, the IAEA considered the reten
tion of a group classification system, rather than listing individual A! and A2 values 
for each radionuclide (see para. 4 .06  of Ref. [40]). Inspection of the Ax and A2 
values given in Table AI. 1 indicates that a grouping on the basis o f three groups per 
decade, say in the ratio 1:2:5, would not involve undue loss of accuracy in rounding. 
However, the Special Working Group meeting considered on balance that the 
individual listing used in the 1973 Edition of the Regulations had not proved incon
venient and should be retained for the present.

AI.6.1. Consideration of physical and chemical properties

A further factor considered by the Special Working Group meeting was the 
need to apply additional limits for materials whose physical properties might render 
invalid the assumptions used in deriving the Q values discussed above. Such 
considerations are relevant to materials which may become volatile at the elevated 
temperatures which could occur in a fire, or which may be transported as very finely 
divided powders, and especially for the model used to evaluate the Qc values. 
However, on balance it was considered that only in the most extreme circumstances 
would the assumed intake factor o f 10~6 be exceeded and that special modification 
of the Qc model was unnecessary for these materials.

As in the case of the 1973 Edition of the Regulations, no consideration is given 
to the chemical form or chemical properties o f radionuclides. However, in the deter
mination of Qc values the most restrictive o f the ALI values recommended by the 
ICRP are used.

AI.6.2. Multiple exposure pathways

Following the 1973 Edition of the Regulations, the application of the Q system 
as described here treats the derivation of each Q value, and hence each potential

Text cont. on p. 105.
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FIG. 5. Comparison o f  Type A package contents limits evaluated using the Q system (Qt/Q2 values) with those in the 1973 
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TABLE A I.l. TY PE A PACKAGE CONTENTS LIM ITS: QA, QB, Qc , etc. 
Values and limits for special form (Aj) and non-special form (A2) materials

Radionuclide J ? \  J K(TBq) (TBq) (TBq)

Ac-225c 7.5 X 10° 6.3 X 10-' 1.0 X 10'2
Ac-227 4.3 X 103 > 3 .7 X 102 2.0 X 1 0 5
Ac-228 1.1 X 10° 6.3 X io-' 4.0 x 10“'

Ag-105 1.9 X 10° > 3 .7 X 102 4.0 x 10'
Ag-108m 6.2 X 10‘ ‘ > 3 .7 X 102 9.0 x 10-'
Ag-110m 3.6 X 10’ 1 > 3 .7 X 102 3.0 X 10°
Ag-111 3.8 X 10' 6.3 X 1 0 '1 3.0 X 101

Al-26 3.7 X 1 0 '1 4.2 X 10° 2.0 X 10°

Am-241 2.0 X 10°a > 3 .7 X 102 2.0 X 10"1
Am-242m 2.0 X 10°a 2.1 X 10' 2.0 x 10-4
Am-243 2.0 X 10° a 2.1 X 10' 2.0 x 10-4

Ar-37 4.4 X 103 > 3 .7 X 102
Ar-39 2.1 X 10‘
Ar-41 7.8 X io-' 6.3 X io-'
Ar-42c 3.6 x 10° 2.1 X 10“'

As-72 5.6 x io-' 2.1 X 1 0 '1 5.0 X 101
As-73 6.2 X 10' > 3 .7 X 102 6.0 x 10'
As-74 1.3 X 10° 2.1 X 10' 3.0 x 10'
As-76 2.3 X 10° 2.1 X i o - ‘ 5.0 X 10'
As-77 1.1 X 102 2.1 X 10' 2.0 X 102

Qd or QEb A| A2
(TBq) (TBq) (TBq)

4.6 X io-' 6 X 1 0 - ' 1 X 1 0 -2

> 4 .6 X 1 0 ' 4 X 1 0 ' 2 X 1 0 -5

4.6 X io-' 6 X 1 0 - ' 4 X 1 0 - '

> 4 .6 X 1 0 ' 2 X 1 0 ° 2 X 10°

2.3 X 10° 6 X 1 0 '1 6 X io - ‘
9.3 X io-' 4 X io-' 4 X io - ‘
4.6 X io-' 6 X 1 0 '1 5 X io-'
4.6 X 1 0 “ ' 4 X io -' 4 X 1 0 “ '

> 4 .6 X 1 0 ' 2 X 1 0 ° 2 X 1 0 ^

4.6 X io -1 2 X 1 0 ° 2 X io -4
4.6 X io-' 2 X 1 0 ° 2 X 10-4

1.4 X 1 0 5b 4 X 1 0 ' 4 X 1 0 '

2.0 X 1 0 'b 2 X 1 0 1 2 X 1 0 '

5.6 X 1 0 °  b 6 X 1 0 ' ' 6 X io-'
2.2 X 1 0 ° b 2 X io-' 2 X io-'

4.6 X io -' 2 X io-' 2 X io-'
> 4 .6 X 1 0 ' 4 X 1 0 ' 4 X 1 0 '

4.6 X 1 0 - ' 1 X 1 0 ° 5 X io - ‘
4.6 X 1 0 " ' 2 X 1 0 " ' 2 X io - ‘
4.6 X 1 0 - ' 2 X 1 0 ' 5 X io -1

For footnotes see p. 104.
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g° T A B L E A U , (cont.)

.. .  Qa or Qf* QbRadionuclide ^  ^

A t - 2 1 1 2 .6 X 1 0 1 > 3 . 7 X 1 0 2

A u -1 9 3 6 .3 X 10° > 3 . 7 X 1 0 2

A u -1 9 4 9 .6 X 10 1 > 3 . 7 X 1 0 2

A u -1 9 5 1 .2 X 1 0 ' > 3 . 7 X 1 0 2

A u -1 9 6 2 .2 X 10° > 3 . 7 X 1 0 2

A u -1 9 8 2 .5 X 1 0° 4 .2 X 1 0 °

A u -1 9 9 1.1 X 1 0 ' > 3 . 7 X 1 0 2

B a -1 3 1 2 .2 X 10° > 3 . 7 X 1 0 2

B a -1 3 3 m 1.5 X 1 0 ' > 3 . 7 X 1 0 2

B a -1 3 3 2 .5 X 1 0° > 3 . 7 X 1 0 2

B a -1 4 0 c 4 .3 X 1 0 " ' 6 .3 X i o -

B e -7 2 .0 X 1 0 ' > 3 . 7 X 1 0 2

B e - 10 2 .1 X 1 0 '

B i-2 0 5 6 .1 X 1 0 - ' > 3 . 7 X 1 0 2

B i-2 0 6 3.1 X 1 0 '1 > 3 . 7 X 1 0 2

B i-2 0 7 6 .5 X 10~ ' > 3 . 7 X 1 0 2

B i- 2 1 0 m c 3 .9 X 1 0 ° 3 .2 X io-
B i-2 1 0 6 .3 X 1 0 “

B i- 2 1 2 c 8 .2 X 1 0 - ' 3 .2 X 1 0 '

Qc
(TBq)

Qd or QEb 
(TBq)

^ 1

(TBq)
A2

(TBq)

2 .0 X 1 0 ° > 4 . 6 X 1 0 ' 3 X 1 0 ' 2 X 1 0°

7 .0 X 1 0 2 > 4 . 6 X 1 0 ' 6 X 1 0 ° 6 X 1 0°

2 .0 X 1 0 2 > 4 . 6 X 1 0 ' 1 X 1 0 ° 1 X 1 0°

2 .0 X 1 0 ' > 4 . 6 X 1 0 ' 1 X 1 0 ' 1 X 1 0 '

2 .0 X 1 0 2 > 4 . 6 X 1 0 ' 2 X 1 0 ° 2 X 1 0 °

6 .0 X 1 0 ' 4 .6 X 1 0 “ ' 3 X 1 0 ° 5 X 1 0 ’ 1

1 .0 X 1 0 2 9 .3 X io-' 1 X 1 0 ' 9 X 1 0 " '

3 .0 X 1 0 2 > 4 . 6 X 1 0 ' 2 X 1 0 ° 2 X 1 0°

3 .0 X 1 0 2 9 .3 X 1 0 “ ' 1 X 1 0 ' 9 X io-'
3 .0 X 1 0 ' > 4 . 6 X 1 0 ' 3 X 1 0 ° 3 X 1 0 °

4 .0 X 1 0 ' 4 .6 X i o - 1 4 X io-' 4 X 1 0 " '

7 .0 X 1 0 2 > 4 . 6 X 1 0 ' 2 X 1 0 ' 2 X 1 0 '

5 .0 X io-' 4 .6 X io-' 2 X 1 0 ' 5 X io-'
5 .0 X 1 0 ' > 4 . 6 X 1 0 ' 6 X i o - 1 6 X lO -1

3 .0 X 1 0 ' 9 .3 X 1 0° 3 X io-' 3 X io-'
1 .0 X 1 0 ' 9 .3 X 1 0° 7 X i o - ‘ 7 X 1 0 '1

3 .0 X io -2 4 .6 X io-' 3 X i o - ' 3. X 1 0 '2

1 .0 X 1 0 ° 4 .6 X io-' 6 X io-' 5 X io-'
9 .0 X 1 0 ° 4 .6 X io - ‘ 3 X 1 0 " ' 3 X 1 0 '1
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Bk-247 2.0 X 10°a >3.7 X 102
Bk-249 1.2 X 107 >3.7 X 102

Br-76 3.9 X 10-' 3.2 X 10'
Br-77 3.2 X 10° >3.7 X 102
Br-82 3.8 X 10'1 >3.7 X 102

C-ll 9.8 X io-' 4.2 X 10°
C-14 >3.7 X 102

Ca-41 2.4 X 103 >3.7 X 102
Ca-45 2.3 X 107 >3.7 X 102
Ca-47 9.4 X 10“' 4.2 X 10°

Cd-109 3.8 X 10' >3.7 X 102
Cd-113m 2.1 X 10'
Cd-115m 4.6 X 101 3.2 X 10‘
Cd-115 4.3 X 10° 4.2 X 10°

Ce-139 6.3 X 10° >3.7 X 102
Ce-141 1.3 X 10' 2.1 X 10'
Ce-143 3.6 X 10° 6.3 X 10"
Ce-144c 3.1 X 10' 2.1 X 10“

Cf-248 3.0 X 10la >3.7 X 102
Cf-249 2.0 X 10°a >3.7 X 102
Cf-250 5.0 X 10°a >3.7 X 102
Cf-251 2.0 X 1 0 °  a >3.7 X 102
Cf-252 9.5 X 10-2 0 >3.7 X 102
Cf-253 4.4 X 104 >3.7 X 102
Cf-254 2.9 X IQ-3 d >3.7 X 102

00

2.0 X 10-4 >4.6 X 101 2 X 10° 2 X 10"4
8.0 X 10'2 9.3 X 10° 4 X 10' 8 X 10‘2

2.0 X 102 4.6 X io-‘ 3 X 10-' 3 X 10'1
7.0 X 102 >4.6 X 10' 3 X 10° 3 X 10°
1.0 X 102 9.3 X 10"‘ 4 X io-' 4 X io-‘

2.0 X 104 4.6 X io-' 1 X 10° 5 X 10“'
9.0 X 10' 2.3 X 10° 4 X 10' 2 X 10°

Unlimited >4.6 X 101 4 X 10' 4 X 10'
3.0 X 10' 9.3 X io-' 4 X 10' 9 X 10"'
3.0 X 10' 4.6 X io-' 9 X io-' 5 X 10“'

1.0 X 10° >4.6 X 10' 4 X 10' 1 X 10°
9.0 X 10“2 4.6 X io-' 2 X 10' 9 X 10“2
2,0 X 10° 4.6 X io-‘ 3 X lO'1 3 X io-‘
5.0 X 10' 4.6 X 10"' 4 X 10° 5 X 10"'

2.0 X 101 >4.6 X 10' 6 X 10° 6 X 10°
2.0 X 101 4.6 X io-‘ 1 X 10' 5 X 10“'
6.0 X 101 4.6 X io-' 6 X 10'1 5 X io-'
5.0 X 10“' 4.6 X io-' 2 X 10'1 2 X 10"'

3.0 X 10“3 >4.6 X 10' 3 X 10' 3 X 10“3
2.0 X 10"4 >4.6 X 10' 2 X 10° 2 X io-4
5.0 X io-4 >4.6 X 10' 5 X 10° 5 X io-4
2.0 X 10-4 2.3 X 10° 2 X 10° 2 X 10"4
1.0 X 10“3 >4.6 X 10' 1 X 10'1 1 X 10“3
6.0 X 10‘2 9.3 X 10“' 4 X 10' 6 X lO"2
6.0 X io-4 >4.6 X 10' 3 X 10'3 6 X io-4
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TABLE A I.l. (cont.)

t> a - r  j  0 r  ^ paRadionuclide (TBq) (TBq)

Cl-36 6.5 X 103 2.1 X 10'
Cl-38 6.7 X 10'1 2.1 X 10’1

Cm-240 2.0 X 102a >3.7 X 102
Cm-241 2.0 X 10° >3.7 X 102
Cm-242 1.0 X 102a >3.7 X 102
Cm-243 3.0 X 10°a >3.7 X 102
Cm-244 4.0 X 10°a >3.7 X 102
Cm-245 2.0 X 10°a >3.7 X 10̂
Cm-246 2.0 X 10°a >3.7 X 102
Cm-247 2.0 X 10°a >3.7 X 102
Cm-248 3.6 X 10-2“ >3.7 X 102

Co-55 5.0 X UT1 6.3 X 10-'
Co-56 2.8 X 10'1 >3.7 X 102
Co-57 8.0 X 10° >3.7 X 102
Co-58m 5.0 X 102 >3.7 X 102
Co-58 1.0 X 10° >3.7 X 102
Co-60 4,0 X 10"' >3.7 X 10?

Cr-51 3.1 X 10' >3.7 X 102

Qc Qd ° r Qe” A, A2
(TBq) (TBq) (TBq) (TBq)

9.0 X 10° 4.6 X 10“' 2 X 10' 5 X 10-'
2.0 X 103 4.6 X 1 0 '1 2 X 10"' 2 X u r 1

2.0 X 10'2 > 4 .6 X 10' 4 X 101 2 X 10 2
9.0 X 1 0 '1 9.3 X 10° 2 X 10° 9 X io-'
1.0 X 10'2 > 4 .6 X 101 4 X 101 1 X 10‘ 2
3.0 X 10'4 9.3 X 10° 3 X 10° 3 X io-4
4.0 X i o -4 > 4 .6 X 10' 4 X 10° 4 X i o -4
2.0 X 10-4 > 4 .6 X 10‘ 2 X 10° 2 X 10-4
2.0 X i o -4 > 4 .6 X 101 2 X 10° 2 X i o -4
2.0 X lO"4 Unlimited 2 X 10° 2 X 10-4
5.0 X 10'5 Unlimited 4 X lO'2 5 X 10‘ 5

1.0 X 102 4.6 X i o - ‘ 5 X io -' 5 X 10 '1
7.0 X 10° 9.3 X 10"1 3 X io -' 3 X 10-'
2.0 X 10' > 4 .6 X 10‘ 8 X 10° 8 X 10°
2.0 X 103 > 4 .6 X 101 4 X 10' 4 X 10'
3.0 X 10 ‘ > 4 .6 X 101 1 X 10° 1 X 10°
1.0 X 10° 9.3 X 1 0 * 4 X 1 0 1 4 X 10-'

7.0 X 102 > 4 .6 X 10' 3 X 10' 3 X 10'
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Cs-129 3.6 X 10° >3.7 X 102
Cs-131 4.4 X 10' >3.7 X 102
Cs-132 1.4 X 10° >3.7 X 102
Cs-134m 3.7 X 10' >3.7 X 102
Cs-134 6.5 X 10"' 2.1 X 101
Cs-135 >3.7 X 102
Cs-136 4.7 X 10"' >3.7 X 102
Cs-137c 1.7 X 10° 2.1 X 10'

Cu-64 5.3 X 10° >3.7 X 102
Cu-67 8.7 X 10° >3.7 X 102

Dy-159 2.2 X 10' >3.7 X 102
Dy-165 3.9 X 10' 6.3 X 10-'
Dy-166c 2.5 X 10' 3.2 X 10-

Er-169 1.1 X 105 >3.7 X 102
Er-171 2.6 X 10° 6.3 X 10-

Eu-147 2.0 X 10° >3.7 X 102
Eu-148 4.8 X 10’1 >3.7 X 102
Eu-149 1.6 X 10' >3.7 X 102
Eu-150 6.8 X 10'' >3.7 X 102
Eu-152m 3.4 X 10° 6.3 X 10-'
Eu-152 8.8 X 10'' >3.7 X 102
Eu-154 8.2 X 10“' 4.2 X 10°
Eu-155 1.7 X 10' >3.7 X 102
Eu-156 7.6 X 10"' 6.3 X 10-'

F-18 9.8 X 10’ 1 2.1 X 101

1.0 X 103 >4.6 X 10' 4 X 10° 4 X 10°
1.0 X 103 >4.6 X 10' 4 X 10' 4 X 10'
1.0 X 102 >4.6 X 10' 1 X 10° 1 X 10°
5.0 X 103 9.3 X 10° 4 X 10' 9 X 10°
4.0 X 10° 4.6 X io-' 6 X io-' 5 X io-'
Unlimited 9.3 X io-‘ 4 X 10' 9 X io-'
2.0 X 10‘ 9.3 X io-' 5 X io -‘ 5 X io-'
6.0 X 10° 4.6 X 10"' 2 X 10° 5 X io-'

8.0 X 102 9.3 X io-‘ 5 X 10° 9 X io-'
2.0 X 102 9.3 X 10"' 9 X 10° 9 X io-'

9.0 X 10' >4.6 X 10' 2 X 10' 2 X 10'
2.0 X 103 4.6 X 10"' 6 X io-' 5 X io-'
3.0 X 10' 4.6 X 10'1 3 X io-' 3 X 10-'

9.0 X 10’ 9.3 X io-‘ 4 X 10' 9 X 10-1
4.0 X 102 4.6 X io-' 6 X io-‘ -5 X 10'1
6.0 X 101 >4.6 X 10' 2 X 10° 2 X 10°
1.0 X 101 >4.6 X 10' 5 X io-' 5 X 10'1
1.0 X 102 >4.6 X 10' 2 X 10' 2 X 10'
7.0 X io-' >4.6 X 10' 7 X io-' 7 X 10-'
2.0 X 102 4.6 X io-' 6 X io-' 5 X 10-'
9.0 X io -‘ 9.3 X io-‘ 9 X io-' 9 X 10-'
7.0 X - io-1 4.6 X io-' 8 X 10"' 5 X 10-'
3.0 X 10° 2.3 X 10° 2 X 10' 2 X 10°
2.0 X 10‘ 4.6 X io-‘ 6 X io-' 5 X 10-'

3.0 X 103 4.6 X io-' 1 X 10° 5 X 10-'
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g  TABLE A I.l. (cont.)

„  .. r . Qa or QFa Qb QcRadionuclide ^  ^  (TBq)

Fe-52c 4.1 X 10-' 2.1 X 10'1 9.0 X 10'
Fe-55 5.9 X 102 >3.7 X 102 7.0 X 10'
Fe-59 8.4 X 10'1 >3.7 X 102 1.0 X 10'
Fe-60 1.5 X 102 >3.7 X 102 2.0 X 10'1

Ga-67 6.3 X 10° >3.7 X 102 4.0 X 102
Ga-68 1.1 X 10° 3.2 X 10'1 2.0 X 103
Ga-72 3.7 X 10'1 6.3 X 1 0 1 1.0 X 102

Gd-146c 4.1 X lO"1 >3.7 X 102 5.0 X 10°
Gd-148 3.0 X 10° 3.0 X 10"4
Gd-153 9.5 X 10° >3.7 X 102 5.0 X 10°
Gd-159 2.0 X 10' 4.2 X 10° 2.0 X 102

Ge-68c 1.1 X 10° 3.2 X 10“‘ 4.0 X 10°
Ge-71 2.4 X 102 >3.7 X 102 2.0 X 103
Ge-77 9.5 X 10'1 3.2 X 10'1 2.0 X 102

Hf-172c 5.4 X 10~' >3.7 X 102 3.0 X 10'1
Hf-175 2.7 X 10° >3.7 X 102 4.0 X 101
Hf-181 1.8 X 10° >3.7 X 102 6.0 X 10°
Hf-182 4.2 X 10° >3.7 X 102 3.0 X 10'2

Qd or QEb ^1 A2
(TBq) (TBq) (TBq)

4.6 X 1 0 ‘ 2 X 10-' 2 X 1 0 ‘
>4.6 X 10' 4 X 101 4 X 101

9.3 X io-' 8 X 10~‘ 8 X 10'1
9.3 X 10° 4 X 101 2 X 10'1

>4.6 X 10' 6 X 10° 6 X 10°
4.6 X 10* 3 X 10'1 3 X 10’1
4.6 X 10-' 4 X 10-' 4 X 1 0 ‘

9.3 X 10° 4 X u r 1 4 X lO’1
3 X 10° 3 X io-4

>4.6 X 101 1 X 101 5 X 10°
4.6 X 10-' 4 X 10° 5 X 10"’

4.6 X 10'1 3 X io-1 3 X 10~‘
>4.6 X 10‘ 4 X 101 4 X 101

4.6 X 10'1 3 X io -‘ 3 X lO’1

9.3 X 10° 5 X io -‘ 3 X 10'1
>4.6 X 101 3 X 10° 3 X 10°

9.3 X 10-’ 2 X 10° 9 X 10'1
Unlimited 4 X 10° 3 X 10'2
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Hg-194c 9.6 X 10'1 >3.7 X 102
Hg-195m 4.7 X 10° >3.7 X 102
Hg-197m 1.1 X 10‘ >3.7 X 102
Hg-197 1.4 X 10‘ >3.7 X 102
Hg-203 4.2 X 10° >3.7 X 102

Ho-163 >4.0 X 10'
Ho-166m 5.7 X lO’ 1 >3.7 X 102
Ho-166 3.4 X 10' 3.2 X lO’1

1-123 5.8 X 10° >3.7 X 102
1-124 9.3 X io-' >3.7 X 102
1-125 2.4 X 10' >3.7 X 102
1-126 2.2 X 10° >3.7 X 102
1-129 4.1 X 101 >3.7 X 102
1-131 2.6 X 10° 2.1 X 10'
1-132 4.5 X 10’1 6.3 X 10“'
1-133 1.7 X 10° 6.3 X 10-
1-134 3.9 X lO’1 3.2 X 10'1
1-135 6.5 X io-' 6.3 X 10“

In-111 2.5 X 10° >3.7 X 102
In-113m 3.9 X 10° >3.7 X 102
In-114mc 1.1 X 10' 3.2 X 10“'
In-115m 6.2 X 10° >3.7 X 102

Ir-189 1.2 X 10' >3.7 X 102
Ir-190 6.9 X 10'' >3.7 X 102
Ir-192 1.2 X 10° 2.1 X 10'
Ir-193m 1.3 X 10' >3.7 X 102
Ir-194 1.1 X 10' 2.1 X 10“'vOLO

1.0 x 10° >4.6 x 10' 1 x 10° 1 x 10°
1.0 x 102 9.3 x 10° 5 x 10° 5 x 10°
2.0 x 102 9.3 x 10-' 1 x 10' 9 x 10'1
3.0 x 102 >4.6 x 10' 1 x 10' 1 x 10'
3.0 x 10' 9.3 x 10-' 4 x 10° 9 x 10-'

7.0 x 10' -- 4 x 10' 4 x 10'
3.0 x 10-' 2.3 x 10° 6 x 10-' 3 x 10''
7.0 x 10' 4.6 x 10-' 3 x 10“' 3 x 10"'

2.0 x 102 >4.6, x 10' . 6 x 10° 6 x 10°
3.0 x 10° 9.3 x~ 10-' 9 x 10'1 9 x 10"'
2.0 x 10° >4.6 x 10' 2 x 10' 2 x 10°
1.0 x 10° 9.3 x 10'1 2 x 10° 9 x 10"'
Unlimited Unlimited Unlimited Unlimited
2.0 x 10° 4.6 x 10-' 3 x 10° 5 x 10-'
3.0 x 102 4.6 x 10-' 4 x 10'1 4 x 10"'
1.0 x 10' 4.6 x 10"J 6 x 10-' 5 x lO-1
2.0 x 103 4.6 x 10"' 3 x 10-' 3 x 10-'
6.0 x 10' 4.6 x 10-' 6 x 10-' 5 x 10-'

2.0 x 102 >4.6 x 10' 2 x 10° 2 x 10°
5.0 x 103 9.3 x 10° 4 x 10° 4 x 10°
2.0 x 10° 4.6 x 10-' 3 x 10"-' 3 x 10"'
2.0 x 103 9.3 x 10-' 6 x 10° 9 x 10-'

1.0 x 102 >4.6 x 10' 1 x 10' 1 x 101
3.0 x 10' 9.3 x 10° 7 x 10-' 7 x 10-'
8.0 x 10° 4.6 x 10"' 1 x 10° 5 x 10"'
1.0 x 102 >4.6 x 10' 1 x 10' 1 x 10'
7.0 x 10! 4.6 x 10'' 2 x 10-' 2 x 10"'
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T A B L E A U , (cont.)

Radionuclide Qa or QFa 
(TBq)

Qb
(TBq)

Qc
(TBq)

Qd or Qe 
(TBq)

Ai
(TBq)

A2
(TBq)

K-40 6.4 X 10° 6.3 X 10-' Unlimited Unlimited 6 X 10-' 6 x 10“'
K-42 3.6 X 10° 2.1 X 10“' 2.0 x 102 4.6 X 10"' 2 X 10-' 2 x 10'1
K-43 1.0 X 10° 4.2 X 10° 3.0 x 102 4.6 X io-' 1 X 10° 5 x 10"'

Kr-81 8.5 X 101 >3.7 X 102 — 5.6 X 102b 4 X 101 4 x 10'
Kr-85m 6.3 X 10° 2.1 X 10' — 1.4 X 10lb 6 X 10° 6 x 10°
Kr-85 4.5 X 102 2.1 X 101 1.4 X 10lb 2 X 10' 1 x 10'
Kr-87 1.3 X 10° 2.1 X io-' 2.2 X 10° b 2 X 10-' 2 x 10-'

La-137 4.1 X 10‘ >3.7 X 102 2.0 x 10° >4.6 X 10' 4 X 10' 2 x 10°
La-140 4.3 X 10“' 6.3 X 10'1 4.0 x 101 4.6 X 10’ 1 4 X 10-' 4 x 10“'

Lu-172 5.4 X 10'1 >3.7 X 102 4.0 x 101 9.3 X 10° 5 X 10-' 5 x 10-'
Lu-173 7.8 X 10° >3.7 X 102 1.0 x 10' >4.6 X 10' 8 X 10° 8 x 10°
Lu-174m 1.6 X 101 >3.7 X 102 8.0 x 10° 9.3 X 10° 2 X 10' 8 x 10°
Lu-174 7.9 X 10° >3.7 X 102 4.0 x 10° >4.6 X 101 8 X 10° 4 x 10°
Lu-177 2.8 X 10‘ >3.7 X 102 8.0 x 101 9.3 X 10'1 3 X 10' 9 x 10-'

LSA Low specific activity material (see para. 131)

Mg-28c 5.6 x 10'1 2.1 X 10'1 5.0 x 10' 4.6 X 10-' 2 X 10“' 2 x 10-'

Mn-52 2.9 X 10'' >3.7 X 102 3.0 x 101 2.3 X 10° 3 X 10-' 3 x 10'1
Mn-53 7.2 X 102 >3.7 X 102 Unlimited Unlimited Unlimited Unlimited
Mn-54 1.2 X 10° >3.7 X 102 3.0 x 101 >4.6 X 101 1 X 10° 1 x 10°
Mn-56 5.9 X 10'1 2.1 X 10"' 6.0 x 102 4.6 X 10"' 2 X 10-' 2 x lO -'
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MFP For mixed fission products, use formula for mixtures (see para. 304)

Mo-93 9.3 X 10' >3.7 X 102 7.0 x 10° >4.6 x 10' 4 X 10' 7 X 10°
Mo-99 6.7 X 10° 6.3 X 10'1 5.0 x 10' 4.6 X 10-' 6 x 10-' 5 X 10-'

N-13 9.8 X 10-' 6.3 X 10“' 4.6 X 10'' 6 X 10-' 5 X 10-'

Na-22 4.6 X 10‘ ‘ >3.7 X 102 2.0 x 10' 9.3 X 10’1 5 X 10"' 5 X io-'
Na-24 2.4 X 10'1 6.3 X 10'1 2.0 x 102 4.6 X io-' 2 X io-' 2 X io-'

Nb-92m 6.7 X 10'1 >3.7 X 102 9.0 x 10' >4.6 X 10' 7 X io-‘ 7 X 10'1
Nb-93m 5.2 X 102 >3.7 X 102 6.0 x 10° >4.6 X 10' 4 X 10' 6 X 10°
Nb-94 6.4 X 10'1 >3.7 X 102 6.0 x 10'' 9.3 X io-' 6 X 10“' 6 X io-'
Nb-95 1.3 X 10° >3.7 X 102 4.0 x 10' 2.3 X 10° 1 X 10° 1 X 10°
Nb-97 1.5 X 10° 6.3 X 10'1 3.0 x 103 4.6 X io-' 6 X io-‘ 5 X io-‘

Nd-147 7.1 X 10° 4.2 X 10° 3.0 x 10' 4.6 X 10“' 4 X 10° 5 X io-'
Nd-149 2.7 X 10° 6.3 X lO'1 9.0 x 102 4.6 X 10'' 6 X io-' 5 X io-'

Ni-59 4.1 X 102 >3.7 X 102 Unlimited >4.6 X 10' 4 X 10' 4 X 10'
Ni-63 >3.7 X 102 3.0 X 10' >4.6 X 10' 4 X 10' 3 X 10'
Ni-65 1.8 X 10° 3.2 X lO'1 6.0 x 102 4.6 X 10-' 3 X 10-' 3 X io-'

Np-235 1.4 X 102 >3.7 X 102 5.0 x 10' >4.6 X 10' 4 X 10' 4 X 10'
Np-236 7.4 X 10° >3.7 X 102 1.0 x 10‘3 9.3 X 10-' 7 X 10° 1 X 10"3
Np-237 2.0 X 10°a >3.7 X 102 2.0 x io-4 9.3 X 10-' 2 X 10° 2 X io-4
Np-239 5.8 X 10° 2.1 X 101 9.0 x 10' 4.6 X 10-' 6 X 10° 5 X 10"'

Os-185 1.4 X 10° >3.7 X 102 2.0 x 10' >4.6 X 10' 1 X 10° 1 X 10°
Os-191m 1.1 X 102 >3.7 X 102 7.0 x 102 >4.6 X 10' 4 x-101 4 X 10'
Os-191 1.3 X 10' >3.7 X 102 5.0 x 10' 9.3 X 10-' 1 X 10' 9 X io-'
Os-193 1.4 X 10‘ 6.3 X 10“‘ 1.0 x 102 4.6 X 10"' 6 X 10-' 5 X io-'
Os-194° 1.1 X 101 2.1 X io-' 3.0 x 10‘ ‘ 4.6 X 10-' 2 X 10-' 2 X io-'

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



§  T A B L E A U , (cont.)

Qa or Qpa Q„Radionuclide (TBq) (TBq)

P-32 3.2 X 10'1
P-33 >3.7 X 102

Pa-230 1.5 X 10° >3.7 X 102
Pa-231 6.0 X 10'la >3.7 X 102
Pa-233 4.9 X 10° >3.7 X 102

Pb-201 1.3 X 10° >3.7 X 102
Pb-202 4.6 X 102 >3.7 X 102
Pb-203 3.2 X 10° >3.7 X 102
Pb-205 4.3 X 102 >3.7 X 102
Pb-210c 2.1 X 102 6.3 X 10“‘
Pb-212c 3.0 X 1 0 ' 3.2 X 1 0 '

Pd-103 6.9 X 10' >3.7 X 102
Pd-107 >3.7 X 102
Pd-109 8.5 X 10' 6.3 X 10“‘

Pm-143 3.2 X 10° >3.7 X 102
Pm-144 6.4 X 10’ 1 >3.7 X 102
Pm-145 3.2 X 10' >3.7 X 102
Pm-147 2.3 X 10s >3.7 X 102
Pm-148m 5.0 X 10‘ ‘ 2.1 X 10‘
Pm-149 9.4 X 10' 6.3 X 10’1
Pm-151 3.3 X 10° 4.2 X 10°

Qc
(TBq)

Qd or Qe*1 
(TBq)

A,
(TBq)

a2
(TBq)

1.0 X  10' 4.6 x 10“' 3 X  10'1
...
3 x 10’1

1.0 x 102 9.3 x 10“‘ 4 X  10' 9 x HT1

1.0 x 10"' 9.3 x 10° 2 x 10° 1 x 10’1
6.0 x 10‘5 >4.6 x 10' 6 x 10-1 6 x 10‘5
2.0 x 10‘ 9.3 x 10"1 5 x 10° 9 x ia-'

7.0 x 102 >4.6 x 101 1 x 10° 1 x 10°
2.0 x 10° Unlimited 4 x 10‘ 2 x 10°
4.0 x 102 >4.6 x 10‘ 3 x 10° 3 x 10°
Unlimited Unlimited Unlimited Unlimited
9.0 x 10‘3 4.6 x 10“' 6 x 10'1 9 x 10‘3
1.0 x 10° 4.6 x 10'1 3 x 10'1 3 x 10_1

1.0 x 102 >4.6 x 101 4 x 10' 4 x 101
Unlimited Unlimited Unlimited Unlimited
2.0 x 102 4.6 x 10'1 6 x 10'1 5 x 10"1

2.0 x 10' >4.6 X  10' 3 x 10° 3 x 10°
4.0 x 10° >4.6 x 10' 6 x 10‘ ‘ 6 x 10-'
7.0 x 10° >4.6 x 10‘ 3 x 10‘ 7 x 10°
5.0 x 10° 9.3 x 10'1 4 x 10' 9 x 10"'
1.0 x 10' 4.6 x 10“‘ 5 x 10"‘ 5 x 10'1
7.0 x 10' 4.6 x 10~' 6 x 10-' 5 x 10‘ ‘
1.0 x 102 4.6 x 10'1 3 x 10° 5 x 10'1
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Po-208 2.0 X 102a >3.7 X 102
Po-209 2.0 X 102a >3.7 X 102
Po-210 2.0 X 102a >3.7 X 102

Pr-142 1.7 X 10' 2.1 X io-'
Pr-143 1.1 X 108 4.2 X 10°

Pt-188c 6.4 X 10’1 >3.7 X 102
Pt-191 3.3 X 10° >3.7 X 102
Pt-193m 7.8 X 10' >3.7 X 102
Pt-193 4.5 X 102 >3.7 X 102
Pt-195m 1.2 X 10' >3.7 X 102
Pt-197m 1.2 X 10’ >3.7 X 102
Pt-197 4.0 X 101 2.1 X 10'

Pu-236 7.0 X 10° a >3.7 X 102
Pu-237 1.9 X 10' >3.7 X 102
Pu-238 2.0 X 10° a >3.7 X 102
Pu-239 2.0 X 10°a >3.7 X 102
Pu-240 2.0 X 10° a >3.7 X 102
Pu-241 3.9 X 105 >3.7 X 102
Pu-242 2.0 X 10°a >3.7 X 102
Pu-244c 2.0 X 10°a 3.2 X io-'
Ra-223c 7.5 X 10° 6.3 X io-
Ra-224c 8.3 X lO'1 3.2 X 10-'
Ra-225c . 7.5 X 10° 6.3 X io-1
Ra-226° 6.8 X u r 1 3.2 X 10-'
Ra-228c 1.1 X 10° 6.3 X 10"'

v©

2.0 X 10"2 >4.6 X 10' 4 X 10' 2 X 1 0 2
2.0 X 10-2 >4.6 X 10' 4 X 10' 2 X lO’2
2.0 X 10“2 >4.6 X 10' 4 X 10' 2 X 1 0 2

7.0 X 10' 4.6 X io-' 2 X 10-' 2 X 10-'
2.0 X 10' 4.6 X 10‘ ‘ 4 X 10° 5 X io-'

6.0 X 10' >4.6 X 10' 6 X io-' 6 X io - ‘
3.0 X 102 >4.6 X 10' 3 X 10° 3 X 10°
2.0 X 102 9.3 X 10° 4 X 101 9 X 10°
9.0 X 102 >4.6 X 10' 4 X 101 4 X 10'
2.0 X 102 2.3 X 10° 1 X 10' 2 X 10°
2.0 X 103 9.3 X io-' 1 X 10' 9 X 10“'
4.0 X 102 4.6 X io-' 2 X 10' 5 X 10“'

7.0 X 10"1 >4.6 X 10' 7 X 10° 7 X io-4
1.0 X 102 >4.6 X 10' 2 X 10' 2 X 10‘
2.0 X io-4 >4.6 X 10' 2 X 10° 2 X 10-4
2.0 X 10"4 >4.6 X 10' 2 X 10° 2 X 10^
2.0 X 10-4 . >4.6 X 10' 2 X 10° 2 X io-4
1.0 X 10“2 >4.6 X 10' 4 X 10' 1 X lO'2
2.0 X io-4 Unlimited 2 X 10° 2 X 10-4
2.0 X 10"4 4.6 X io-' 3 X io-' 2 X 10^

3.0 X 10"2 4.6 X i o - ‘ 6 X i o - ‘ 3 X 10-2
6.0 X 10‘2 4.6 X io-' 3 X io-1 6 X 10-2
2.0 X 10'2 4.6 X 10“' 6 X io-' 2 X 10"2
2.0 X 10‘2 4.6 X i o - ‘ 3 X i o - ‘ 2 ;x 10-2
4.0 X 10-2 4.6 X io -' 6 X i o - ‘ 4 X 10-2
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g  T A B L E A U , (cont.)

D  A ■ 1 A  Q a  0 f  Q p aRadionuclide v. (TBq) (TBq)

Rb-81 1.6 X 10° >3.7 X 102
Rb-83 2.0 x 10° >3.7 X 102
Rb-84 1.1 X 10° >3.7 X 102
Rb-86 1.1 X 10' 3.2 X 10'
Rb-87 — >3.7 X 102
Rb (natural) >3.7 X 102

Re-183 4.7 X 10° >3.7 X 102
Re-184m 2.6 X 10° >3.7 X 102
Re-184 1.1 X 10° >3.7 X 102
Re-186 4.9 x 10' 4.2 X 10°
Re-187 >3.7 X 102
Re-188 1.7 X 10' 2.1 X 10''
Re-189 1.4 x 10' 4.2 X 10°
Re (natural) >3.7 X 102

Rh-99 1.7 X 10° >3.7 X 102
Rh-101 3.7 x 10° >3.7 X 102
Rh-102m 2.1 X 10° >3.7 X 102
Rh-102 4.7 X 10'1 >3.7 X 102
Rh-103m 5.7 X 102 >3.7 X 102
Rh-105 1.3 X 10' >3.7 X 102

Rn-222c 8.0 x 10'1 2.1 X 10-'

Qc
(TBq)

Qd or QEb 
(TBq)

A,
(TBq)

a2
(TBq)

2.0 x 103 9.3 X 10'1 2 X 10° 9 x 10-'
4.0 x 10‘ >4.6 X 10' 2 x 10° 2 x 10°
3.0 x 10' 9.3 x 10-' 1 x 10° 9 x 10-'
3.0 x 101 4.6 x n r 1 3 x 10~' 3 x 10-'
Unlimited Unlimited Unlimited Unlimited
Unlimited Unlimited Unlimited Unlimited

5.0 x 10‘ >4.6 x 101 5 x 10° 5 x 10°
2.0 x 10' 9.3 x 10° 3 x 10° 3 x 10°
5.0 x 10' >4.6 x 101 1 x 10° 1 x 10°
6.0 x 10' 4.6 x 10~‘ 4 X 10° 5 x 10-'
Unlimited Unlimited Unlimited Unlimited
1.0 x 102 4.6 x 10-' 2 x lO'1 2 x 10-'
2.0 x 102 4.6 x 10_1 4 x 10° 5 x 10-'
Unlimited Unlimited Unlimited Unlimited

7.0 x 10' >4.6 x 10' 2 x 10° 2 x 10°
6.0 x 10° >4.6 x 10’ 4 x 10° 4 x 10°
4.0 x 10° 9.3 x 10-' 2 x 10° 9 x 10-'
2.0 x 10° >4.6 x 10' 5 x 10'1 5 x 10''
4.0 x 104 >4.6 x 10' 4 x 10' 4 x 10'
2.0 x 102 9.3 x 10“' 1 x 10' 9 x 10''

_ 4.2 x 10~3b 2 x 10-' 4 x 10'3
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Ru-97 4.2 x 10° >3.7 x 102 4.0 X 102 >4.6 X 10' 4 X 10° 4 x 10°
Ru-103 2.1 X 10° >3.7 x 102 2.0 X 10' 9.3 X 10“' 2 X 10° 9 x 10-'
Ru-105 1.3 x 10° 6.3 x 1 0 1 4.0 X 102 4.6 X io-' 6 X 10-' 5 x 10-'
Ru-106c 5.0 x 10° 2.1 x 10'1 4.0 X io-' 4.6 X io-' 2 X i o - ‘ 2 x ID"1

S-35 — >3.7 x 102 8.0 X 10' 2.3 X 10° 4 X 10' 2 x 10°

Sb-122 2.3 x 10° 3.2 x 10“‘ 4.0 X 10' 4.6 X io-' 3 X 10'1 3 x 10-'
Sb-124 5.6 x 10'1 6.3 x 10'1 9.0 X 10° 4.6 X io-' 6 X io-' 5 x 10-'
Sb-125 2.3 x 10° >3.7 x 102 2.0 X 10' 9.3 X 10“' 2 X 10° 9 x 10-'
Sb-126 3.5 x lO’1 4.2 x 10° 2.0 X 10' 4.6 X 10-' 4 X 1 0 ' 4 x lO-’

Sc-44 4.7 x 10’1 6.3 x 10'1 4.0 X 102 4.6 X 10-' 5 X 10-' 5 x 10"'
Sc-46 5.0 x 10"‘ >3.7 x 102 9.0 X 10° 9.3 X 10“' 5 X 1 0 ‘ 5 x 10'1
Sc-47 9.3 x 10° >3.7 x 102 1.0 X 102 9.3 X 10-' 9 X 10° 9 x 10-'
Sc-48 3.0 x io-' 2.1 x 10' 5.0 X 101 4.6 X 10“' 3 X 10-‘ 3 x 10-'

SCO Surface contaminated objects (see para. 144)
Se-75 2.5 x.J0 ° >3.7 x 102 2.0 X 10' >4.6 X 10' 3 X 10° 3 x ,10°
Se-79 — >3.7 x 102 2.0 X 101 2.3 X 10° 4 X 10' 2 x 10°

Si-31 1.1 X 103 6.3 x 10“' 9.0 X 102 4.6 X 10-' 6 X 10-' 5 x 10-'
Si-32 — >3.7 x 102 2.0 X 10“' 9.3 X 10-' 4 X 10' 2 x 10-'

Sm-145 1.5 x 101 >3.7 x 102 2.0 X 101 >4.6 X 101 2 X 10' 2 x 10'
Sm-147 1.0 x 10la — Unlimited Unlimited Unlimited
Sm-151 7.5 x 104 >3.7 x 102 4.0 X 10° >4.6 X 10' 4 X 10' 4 x 10°
Sm-153 1.6 x 101 4.2 x 10° 1.0 X 102 4.6 X 10-' 4 X 10° 5 x 10-'

Sn-113c 3.9 x 10° >3.7 x 102 2.0 x 10! >4.6 X 10' 4 X 10° 4 x 10°
Sn-117m 6.3 x 10° >3.7 x 102 5.0 X 10' 2.3 X 10° 6 x 10° 2 x 10°
Sn-119m 8.7 x 10' >3.7 x 102 4.0 x 10' >4.6 x 10' 4 X 101 4 x 10'
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T A B L E A U , (cont.)

Sn-121m 2.0 X 102 >3.7 X 102 2.0 X 10'
Sn-123 1.5 X 102 6.3 X 10-' 6.0 X 10°
Sn-125 3.2 X 10° 2.1 X 10-' 1.0 X 10'
Sn-126c 6.5 X io-' 3.2 X io-' 2.0 X 10°

Sr-82c 9.2 X 10'1 2.1 X 10“' 3.0 X 10°
Sr-85m 4.6 X 10° >3.7 X 102 2.0 X 104
Sr-85 2.0 X 10° >3.7 X 102 6.0 X 10'
Sr-87m 3.1 X 10° >3.7 X 102 5.0 X 103
Sr-89 1.2 X 104 6.3 X 10“' 5.0 X 10°
Sr-90c 5.9 X 105 2.1 X io-' 1.0 X io-'
Sr-91 1.4 X 10° 3.2 X io-' 1.0 X 102
Sr-92c 7.5 X 10"' 2.1 X io-‘ 9.0 X 10'

T (all forms)e >3.7 X 102 6.0 X 10'

Ta-178 9.8 X 10“' >3.7 X 102 3.0 X 103
Ta-179 3.1 X 10' >3.7 X 102 3.0 X 10'
Ta-182 7.8 X 10"’ 2.1 X 10' 5.0 X 10°

Tb-157 3.0 X 102 >3.7 X 102 1.0 X 10'
Tb-158 1.3 X 10° >3.7 X 102 7.0 X io-'
Tb-160 8.9 X 10'1 4.2 X 10° 8.0 X 10°

Qd or QEb 
(TBq)

A-l

(TBq)
A2

(TBq)

9.3 X 10-' 4 X 10' 9 X 10"
4.6 X 10“' 6 X 10“' 5 X 10’1
4.6 X 10-' 2 X 10-' 2 X io-
4.6 X io-‘ 3 X 10"' 3 X 10“

4.6 X 10“' 2 X 10"' 2 X 10-
>4.6 X 101 5 X 10° 5 X 10°
>4.6 X 10' 2 X 10° 2 X 10°
>4.6 X 10' 3 X 10° 3 X 10°

4.6 X io-‘ 6 X 10“' 5 X 10-'
4.6 X io-' 2 X io-' 1 X 10“
4.6 X 10'1 3 X io-' 3 X 10-
4.6 X io-‘ 2

4

X

X

10"'

10'

2

4

X

X

10-

10'

2.3 X 10° 1 X 10° 1 X 10°
>4.6 x 10' 3 X 10' 3, X 10'

4.6 X io-' 8 X 10-’ 5 X 1 0 1

>4.6 x 10' 4 X 10' 1 X 10'
9.3 X io-' 1 X 10° 7 X 10-'
4.6 X io-' 9 X 10"1 5 X lO"1
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Tc-95m 1.5 X 10° >3.7 X 102
Tc-96mc 4.0 X 10-' >3.7 X 102
Tc-96 4.0 X 10“' >3.7 X 102
Tc-97m 1.0 X 102 >3.7 X 102
Tc-97 8.8 X 10' >3.7 X 102
Tc-98 7.1 X 10“' >3.7 X 102
Tc-99m 7.9 X 10° >3.7 X 102
Tc-99 >3.7 X 102

Te-118c 1.2 X 10° 2.1 X 10'1
Te-121m 4.6 X 10° >3.7 X 102
Te-121 1.7 X 10° >3.7 X 102
Te-123m 6.8 X 10° >3.7 X 102
Te-125m 2.8 X 10' >3.7 X 102
Te-127mc 8.9 X 10' 2.1 X 10'
Te-127 2.1 X 102 2.1 X 10'
Te-129mc 1.7 X 10' 6.3 X 10“'
Te-129 1.7 X 10' 6.3 X io-'
Te-131m 7.3 X 10"' 2.1 X 10'
Te-132c 4.5 X 10'1 6.3 X 10'1

Th-227 9.4 X 10° >3.7 X 102
Th-228c 8.2 X K T ' 3.2 X 10“'
Th-229 3.0 X 10“' a >3.7 X 102
Th-230 2.0 X 10° a >3.7 X 102
Th-231 3.9 X 10' >3.7 X 102
Th-232 4.0 X 10-'a >3.7 X 102
Th-234c 8.8 X 10' 2.1 X 10''
Th (natural) 6.0 X 10'1 4.2 X 10°

7.0 X 10' >4.6 X 10' 2 X 10° 2 x 10°
8.0 X 10' >4.6 X 10' 4 X i o - ‘ 4 x 10''
8.0 x 10' >4.6 X 10' 4 X io -' 4 x 10“'
4.0 x 10' >4.6 X 10' 4 X 10' 4 x 10'
Unlimited Unlimited Unlimited Unlimited
Unlimited 9.3 X 10'1 7 X 10'' 7 x 10-'
6.0 X 103 >4.6 X 10' 8 X 10° 8 x 10°
Unlimited 9.3 X i o - ‘ 4 X 10' 9 x 10-'

2.0 X 10' 4.6 X i o - ‘ 2 X io-' 2 x 10'1
7.0 x 10° >4.6 X 10' 5 X 10° 5 x 10°
1.0 X 102 >4.6 X 10' 2 X 10° 2 x 10°
8.0 x 10° >4.6 X 10' 7 X 10° 7 x 10°
2.0 X 10' 9.3 X 10° 3 X 10' 9 x 10°
9.0 x 10° 4.6 X i o - ‘ 2 X 10' 5 x 10'1
6.0 x 102 4.6 X io-' 2 X 10' 5 x 10"'
9.0 x 10° 4.6 X 10'1 6 X 10-' 5 x 10'1
2.0 X 103 4.6 X io-' 6 X 10-' 5 x 10-'
2.0 x 10' 4.6 X 10"' 7 X 10-' 5 x 10-'
7.0 X 10° 4.6 X io-' 4 X 10-' 4 x 10“'

1.0 x 10'2 >4.6 X 10' 9 X 10° 1 x lO'2
4.0 x 10"4 4.6 X 10"' 3 X 10-' 4 x lO-4
3.0 X 10"5 9.3 X 10° 3 X 10-' 3 x 10'5
2.0 x 10-4 >4.6 X 10' 2 X 10° 2 x lO'4
2.0 X 102 9.3 X io-' 4 X 10' 9 x 10-'
Unlimited Unlimited Unlimited Unlimited
6.0 x 10° 4.6 X i o - ‘ 2 X 10-' 2 x 10-'
Unlimited Unlimited Unlimited Unlimited
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oto
T A B L E A U , (cont.)

d a- i h Qa or Qpa QbRadionuclide m  (TBq)

Ti-44c 4.7 X lO'1 6.3 X 10-'
Tl-200 7.8 X 10'' >3.7 X 102
Tl-201 1.1 X 10' >3.7 X 102
Tl-202 2.1 X 10° >3.7 X 102
Tl-204 8.8 X 102 4.2 X 10°

Tm-167 6.9 X 10° >3.7 X 102
Tm-168 8.0 X 10'' >3.7 X 1 O2
Tm-170 1.8 X 102 4.2 X 10°
Tm-171 1.5 X 103 >3.7 X 102

U-230 1.0 X 102a >3.7 X 102
U-232 3.0 X 10°a >3.7 X 102
U-233 1.0 X 1 0 'a >3.7 X 102
U-234 1.0 X 10 'a >3.7 X 102
U-235 6.5 X 10° >3.7 X 102
U-236 1.0 X 10 'a >3.7 X 102
U-238 2.0 X 1 0 'a >3.7 X 102
U (natural) 1.3 X 1 0 'a >3.7 X 102
U (enriched, <5%) 1.1 X 1 0 'a >3.7 X 102
U (enriched, >5%) 1.0 X 10 'a >3.7 X 102
U (depleted) 1.9 X 1 0 'a >3.7 X 102

Qc
(TBq)

2.0 X 10“'
4.0 X 102©00 X 102
2.0 X 102

00 © X 10'

7.0 X 10'
2.0 X 10'

00 o X 10°
1.0 X 10'

1.0 X io -2
3.0 X io-4
1.0 X 10“3
1.0 X io -3
Unlimited
1.0 x 10'3 
Unlimited 
Unlimited 
Unlimited
1.0 x 10'3 
Unlimited

Qd or QEb 
(TBq)

4.6 X  10"' 
>4.6 X  101 
>4.6 X  10' 
>4.6 X  10'

4.6 x 10-'

9.3 x 10° 
>4.6 x 10'

4.6 x 10“' 
>4.6 x 10'

>4.6 x 10' 
>4.6 x 10' 

Unlimited 
Unlimited 
Unlimited 
Unlimited 
Unlimited 
Unlimited 
Unlimited 
Unlimited 
Unlimited

A,
(TBq)

5 X 10

00 X 10
1 X 10
2 X 10'
4 X 10'

7 X 10'

00 X 10
4 X 10'
4 X 10

4 X 10
3 X 10'
1 X 10
1 X 10
Unlimitedf 
1 x 10‘
Unlimited 
Unlimited 
Unlimitedf 
1 x 10' 
Unlimited

A2
(TBq)

2 X 10“'

8 X 10-'
1 X 10'
2 X 10°
5 X 10-'

7 X 10°
8 X 10"'
5 X 10-'
1 X 10'

1 X 10'2
3 X 10-4
1 X 10-3
1 X 10"3
Unlimited
1 X 10"3
Unlimited 
Unlimited 
Unlimitedf 
1 x 10~3 
Unlimited
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V-48 3.4 X 10 ' >3.7 X 102
V-49 1.1 X 103 >3.7 X 102

W-1780 9.8 X 10'1 >3.7 X 102
W-181 2.5 X 10' >3.7 X 102
W-185 1.8 X 104 >3.7 X 102
W-187 2.1 X 10° 4.2 X 10°
W-188c 1.7 X 101 2.1 X KT

Xe-122c 1.1 X 10° 2.1 X 10-’
Xe-123 1.6 X 10° 2.1 X 10“
Xe-127 3.6 X 10° >3.7 X 102
Xe-131m 5.0 X 101 >3.7 X 102
Xe-133 2.2 X 10' >3.7 X 102
Xe-135 , 4.0 X 10° 4.2 X 10°

Y-87 2.2 X 10° >3.7 X 102
Y-88 3.7 X 10-' >3.7 X 102
Y-90 5.9 X 105 2.1 X 10-'
Y-91m 1.9 X 10° >3.7 X 102
Y-91 2.8 X 102 3.2 X 10'1
Y-92 4.0 X 10° 2.1 X 10*'
Y-93 1.1 X 10' 2.1 X 10-'

Yb-169 3.2 X 10° >3.7 X 102
Yb-175 2.5 X 10' >3.7 X 102

Zn-65 1.7 X 10° >3.7 X 102
Zn-69mc 2.4 X 10° 4.2 X 10°
Zn-69 1.7 X 105 4.2 X 10°

2.0 X 10' 9.3 X 10“' 3 X 10-' 3 X 10-'
7.0 X 102 > 4 .6 X 10' 4 X 10' 4 X 10'

7.0 X 102 2.3 X 10° 1 X 10° 1 X 10°
1.0 X 103 > 4 .6 X 10' 3 X 10' 3 X 10'
Unlimited 9.3 X 10"' 4 X 10' 9 X io-'
3.0 X 102 4.6 X 1 0 '1 2 X 10° 5 X 10-'
5.0 X 10' 4.6 X 10*' 2 X io -' 2 X to -1

1.4 X 102b 2 X io -' 2 X io-'
1.7 X 1 0 'b 2 X 10“' 2 X 10-'
2.8 X 10lb 4 X 10° 4 X 10°
5.6 X 1 0 'b 4 X 10' 4 X 10'
5.6 X 1 0 'b 2 X 10' 2 X 10'
1.1 X 1 0 'b 4 X 10° 4 X 10°

1.0 X 102 > 4 .6 X 10' 2 X 10° 2 X 10°
9.0 X 10° > 4 .6 X 10' 4 X lO’1 4 X io-'
2.0 X 10' 4.6 X lO'1 2 X io - ‘ 2 X 10-'
6.0 X 103 > 4 .6 X 10' 2 X 10° 2 X 10°
4.0 X 10° 4.6 X 10“' 3 X 10 '' 3 X 10-'
3.0 X 102 4.6 X 10“' 2 X io-1 2 X 10-'
9.0 X 10' 4.6 X 10“' 2 X 10"' 2 X 10-'

3.0 X 10' 9.3 X 10° 3 X 10° 3 X 10°
1.0 X 102 9.3 X 10“' 3 X 10' 9 X 10-'

1.0 X 10' > 4 .6 X 10' 2 X 10° 2 X 10°
3.0 X 102 4.6 X 10-' 2 X 10° 5 X 10“'
5.0 X 103 4.6 X 10“' 4 X 10° 5 X 10-'
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T A B L E A U , (cont.)

Radionuclide Qa or QFa 
(TBq)

Qb
(TBq)

Qc
(TBq)

Qd or QEb 
(TBq)

Ai
(TBq)

a2
(TBq)

Zr-88 2.5 x 10° >3.7 X  102 8.0 X  10° >4.6 X  101 3 x 10° 3 x 10°
Zr-93 >3.7 x 102 2.0 x 10-‘ Unlimited 4 x 10' 2 X  10"'
Zr-95 1.4 x 10° >3.7 x 102 5.0 x 10° 9.3 x 10-' 1 x 10° 9 X  10'1
Zr-97 1.5 x 10° 3.2 x IQ'1 5.0 x 10‘ 4.6 x lO'1 3 x 10-' 3 x IQ'1

a Qf tabulated in place of QA. 
b Qe tabulated in place of QD.
c A, and/or A2 value limited by daughter product decay. 
d Qa limited by spontaneous fission. 
e T values for liquids only.
f A, and A2 are unlimited for radiation control purposes only. For nuclear criticality safety this material is subject to the control placed on fissile 

material.
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exposure pathway, separately. In general this will result in compliance with the dosi
metric criteria defined earlier, provided that the doses incurred by persons exposed 
near a damaged package are dominated by one pathway. However, if  two or more 
Q values closely approach each other this will not necessarily be the case. For 
example, in the case o f a radionuclide transported as a special form radioactive 
material for which QA *  QB, the effective dose equivalent and skin dose to an 
exposed person could approach 50 mSv and 0.5 Sv, respectively, on the basis o f the 
Q system models. Examination o f Table A I.l shows that this consideration applies 
only to a relatively small number o f radionuclides and for this reason the independent 
treatment o f exposure pathways is retained within the Q system.

A I.6 .3 . Mixtures o f radionuclides

Finally, it is necessary to consider the package contents limits for mixtures of 
radionuclides, including the special case of mixed fission products. For mixtures 
whose identities and activities are known it is necessary to show that:

v-« B(i) ^  B(i)
<  1 or > ----------  <  1

i A ,(i) Y  A2(i)

where B(i) is the activity o f radionuclide i in the mixture, and A^i) and A2(i) are 
the A] and A2 values for that radionuclide.

Alternatively, an A2 value for mixtures may be determined as follows:

1
A2 for mixture =  ---------------------

£  f®A2(i)

where f(i) is the fraction of radionuclide i in the mixture and A2(i) is the A2 value 
for nuclide i.

AI.7. CONCLUSIONS

The Q system described here represents a refinement and extension of the 
A i/A2 system used in the 1973 Edition of the Regulations for the determination of 
Type A package contents and other limits. It incorporates the latest recommendations 
of the ICRP and by explicitly identifying the dosimetric considerations underlying 
the derivation of these limits provides a firmer and more defensible basis for the
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Regulations. Overall, the adoption of the Q system introduces only relatively minor 
changes in the Ai and A2 values from those in the 1973 Edition o f the Regulations. 
Where major variations occur, say by greater than a factor o f 2 -3 , these are 
generally associated with reductions in the Type A package contents limits for beta 
emitters determined by QB and particularly QD. This latter Q value refers to a dosi
metric route not previously considered in the Regulations, namely beta contamina
tion of the skin o f exposed persons. Isolated relaxations in the contents limits occur 
as a result o f changes in dosimetric data introduced in ICRP Publication 30, as in 
the case o f strontium-90, and more generally in the case of special form alpha 
emitters as a result o f the revised definition of QF. Finally, the Q system can also 
be applied to the specification of permitted leakage limits for Type B packages, and 
exemption and LSA limits, etc., in a similar manner to the use o f A,/A2 values in 
the 1973 Edition of the Regulations.
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Appendix II

DERIVATION OF ALLOWABLE RELEASE RATES 
FOR TYPE B PACKAGES

A n . 1. R E L E A SE  R A T E S FOR N O RM A L TR A N SPO R T

In the determination of the maximum allowable release rate for Type B 
packages under the conditions o f normal transport in the 1973 Edition of the Regula
tions, the most adverse expected condition was judged to be represented by a worker 
spending 20% of his or her working time in an enclosed vehicle of 50 m3 volume, 
with ten air changes per hour. The vehicle was considered to contain a Type B pack
age leaking activity at a rate o f r per hour and it was assumed conservatively that 
the resulting airborne activity concentration was in equilibrium at all times. On this 
basis the annual intake of activity via inhalation Ia for a person working 2000 hours 
per year with an average breathing rate of 1.25 m3-h-1 was evaluated as:

Ia =  - — -— -  x 1.25 X 2000 X 0 .2  =  r 
50 x  10

Thus the maximum intake over one year is equal to the quantity o f activity released 
in one hour. This intake was equated with the maximum permissible quarterly dose 
for occupational exposure (3 rem to whole body, gonads, red bone marrow; 15 rem 
to skin, thyroid, bone; 8 rem to other single organs), which from the determination 
o f A2 corresponded to an intake o f A2 X 10~6 [51]. Hence r <  A2 X 10‘6 per 
hour.

This derivation assumes that all o f the released material becomes airborne and 
is available for inhalation, which may be a gross overestimate for many materials. 
Also, equilibrium conditions are assumed to pertain at all times. These factors, 
together with the principle that leakage from Type B packages should be minimized, 
indicate that the exposure o f transport workers will be only a small fraction o f the 
ICRP limits for radiation workers [2]. In addition, this level o f conservatism is 
considered adequate to cover the unlikely situation of several leaking packages 
contained in the same vehicle.

In the 1985 Edition o f the Regulations the maximum allowable release rates 
for Type B packages under normal transport conditions are unchanged, although 
some of the parameters used in the above derivation have been updated. In particular, 
in the most recent recommendations of the ICRP the earlier quarterly limits 
employed above have been replaced by annual dose or intake limits for radiation 
workers [19]. These in turn have been incorporated into the improved method,
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known as the Q system, for evaluating the Type A package contents limit Ai and 
A2 values (see Appendix I and also paras E-301 to E-306).

Within the Q system, an intake of A2 x  10"6 is assumed, which is not greater 
than the annual limit of intake (ALI) for radiation workers recommended by the 
ICRP. Here the inequality applies only in the case of radionuclides for which A2 is 
determined by the inhalation pathway; thus in general A2 X  10"6 <  ALI, and the 
radiological protection standards applicable to Type B packages under the 1985 
Edition of the Regulations are essentially unchanged. This is an important considera
tion since the adoption of the new ICRP annual dose limits for radiation workers 
(50 mSv (5 rem) effective or committed effective dose equivalent; 0.5 Sv (50 rem) 
dose or committed dose equivalent to individual organs, including the skin, or
0.15 Sv (15 rem) in the special case of the lens of the eye) indicates an apparent 
relaxation compared with the earlier quarterly limits cited above. In addition, the 
average adult breathing rate is taken as 3.3 X  10-4 m3-s"1 (1.2 m 3-h-1), which 
under the exposure conditions outlined above results in a marginal reduction in the 
annual intake via inhalation for a transport worker, Ia =  0.95r.

Finally, consideration of alternative exposure scenarios demonstrates that the 
case outlined above is likely to be the most restrictive encountered in practice [19]. 
For example, exposure of workers in a store room or cargo handling area of typical 
dimensions 30 x  10 x 10 m 3, with a ventilation rate of four air changes per hour 
and containing a Type B package leaking activity at a rate of r per hour, leads 
to an annual intake of 0.2r for a working year of 2000 hours. Noting that 
r <  A2 X  10“6 <  ALI, this intake corresponds to a conservative upper limit for 
the annual effective or committed effective dose equivalent which could be incurred 
by transport workers of 10 mSv (1 rem). Furthermore, for incidental exposure out 
of doors of persons in the vicinity of the leaking Type B package, the maximum 
annual intake via inhalation is at least two orders of magnitude lower, corresponding 
to annual doses of < 0 .1  mSv (< 1 0  mrem).

A ll.2. RELEASE RATES FOR ACCIDENT CONDITIONS

Accidents of the severity simulated in the Type B tests specified in the Regula
tions are unlikely to occur in a confined space indoors, or if they did the resulting 
conditions would be such as to necessitate immediate evacuation of all persons in the 
vicinity [18]. Hence the exposure scenario of interest in this context is that of an 
accident occurring out of doors. In this situation the radiological implications of the 
maximum allowable release of A2 in a period of one week from a Type B package 
may be expressed as an equivalent dose limit by consideration of the exposure to a 
person remaining continuously downwind of the damaged package throughout the 
period of the release [19].
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In practice it is unlikely that any accidental release would persist for the full 
period of one week. In most situations emergency services personnel would attend 
the scene of an accident and take effective remedial actions to limit the release of 
activity within a period of a few hours. On this basis the maximum effective dose 
equivalent via inhalation to persons exposed in the range 50-200 m downwind from 
a damaged Type B package under average weather conditions is 1-10 mSv 
(0.1-1 rem), increasing by a factor of about 5 under generally less probable and 
persistent stable meteorological conditions (see, for example, Fig. 3 of Ref. [19]). 
Local containment and atmospheric turbulence effects close to the source of activity, 
plus possible plume rise effects if a fire were involved, will tend to minimize the 
spatial variation of doses beyond a few tens of metres from the source towards the 
lower end of the dose ranges cited above. The neglect of potential doses to persons 
within a few tens of metres of the source is considered justified in part by the conser
vative assumption of continuous exposure downwind of the source throughout the 
release period, and in part by the fact that emergency services personnel in this area 
should be working under health physics supervision and control.

The above treatment also illustrates the extreme conservatism implied by the 
Type B(U) activity release limit of A2 x  10~3 in a period of one week as specified 
in the 1973 Edition of the Regulations. On the basis of the model outlined above, 
this release corresponds to maximum doses of 1-50 mSv (0.1-5 rem) at distances 
in the range up to 200 m downwind and dependent on the prevailing meteorological 
conditions. In the context of accidents of the severity implied by the test requirements 
for Type B packages, the limitation of doses to these levels is considered unduly 
restrictive, for example in comparison with typical annual average natural back
ground dose rates in the range 1-2 mSv (100-200 mrem), or with emergency dose 
criteria commonly applied at power reactor sites [17, 18].

The special provision in the case of krypton-85 which was introduced in the 
1973 Edition of the Regulations, and is retained in the 1985 Edition of the Regula
tions, stems from consideration of the dosimetric consequences of a release of this 
radionuclide. The allowable release of 10 X  A2 was originally derived on the basis 
of a comparison of the potential radiation dose to the whole body, or any critical 
organ, of persons exposed within about 20 m of a source of krypton-85 and other 
non-gaseous radionuclides. In particular, it was noted that the inhalation pathway 
model used in the derivation of A2 values at the time was inappropriate for a rare 
gas which is not significantly incorporated into body tissues. This criticism remains 
valid within the 1985 Edition of the Regulations, where under the Q system the A2 
value for krypton-85 is determined by the submersion dose to the skin of persons 
exposed indoors following the rapid release of the contents of a Type A package in 
an accident (see Appendix I). Indeed, it can be demonstrated that even the allowable 
release of 10 X  A2 for krypton-85 is highly conservative compared with the equiva
lent A2 for other non-gaseous radionuclides. For a release of A2 which is subject to
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a dilution factor df, the maximum resulting effective dose equivalent via inhalation 
Dinh is given by:

Djnh =  A2 x df x  3.3 x  10-4 x  ------ —— — (mSv)A2 x 10-6

where 3.3 x  10“4 m 3-s~' is the average adult breathing rate and an intake of 
A2 x  1(T6 has been equated with a dose of 50 mSv (5 rem). On the same basis, a 
release of 10 x  A2 for krypton-85 (100 TBq) results in a dose to the skin given by:

D Skin =  100 X  df X  43.2 X  0.25 (mSv)

where 43.2 is the semi-infinite cloud conversion factor from cloud concentration to'/dose and 0.25 MeV is the mean beta energy per disintegration for krypton-85. From 
the above expression Dinh/Dskin *  15, and in addition the effective dose equivalent 
and skin dose limits recommended by the ICRP are 50 mSv (5 rem), and 0.5 Sv 
(50 rem), respectively. Thus the Type B package activity release limit for krypton-85 
is seen to be conservative by about two orders of magnitude in comparison with other 
non-gaseous radionuclides.
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