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FOREWORD
Since the early 1940's, millions of tonnes of uranium hexafluoride
(UF6> have been transported throughout the world. During this time there
has been no significant transport accident involving UF which has resulted
6
in serious injury or the loss of life from either the radiological or the
chemical nature of UF6.
Despite this safety record, recent events have caused the packaging and
transport requirements for UF6 to be reevaluated by experts advising the
International Atomic Energy Agency (IAEA).
In 1984 a ship, the Mont-Louis, carrying 30 large packages of UF 6 was
sunk in the North Sea. Although all of the packages were recovered with no
release of contents -- and therefore no chemical or radiological contamination
to the environment -- significant attention was drawn to the transport of
UF6 by the proximity of this incident to large population centres and
important commercial sea-lanes.
In 1986, at a UF6 production plant in Oklahoma, United States of
America, a packaging of UF was being prepared for transport. The packaging
6
was overfilled and in order to reduce the quantity of UF to the level
6
acceptable for transport, the packaging was heated in a steam chest.* As a
result of the heating and the consequent expansion of the UF

in the phase
6
change from solid to liquid, the packaging was overpressurized. It ruptured
and large quantities of liquid and gaseous UF6 were released into the plant
area, and as a result, one person died. The death resulted from the chemical
hazards of UF , not from the radiological effects. This illustrates that,
6
should the contents of a large package of depleted, natural or low-enriched
UF be released in a transport accident involving a fire, the radiological
6
consequences would be small, whereas the chemical consequences could be
significant.

Approved procedures require that an overfilled packaging of UF6 shall
not be heated, but rather that the excess UF6 be withdrawn by
evacuation.
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In 1985, the IAEA issued a new edition of the Regulations for the Safe
Transport of Radioactive Materials, Safety Series No. 6, 1985 Edition, in
which it is required that:
(a) for radioactive material having other dangerous properties, the
transport regulations for dangerous goods of each country through or
into which the material is to be transported, and the regulations of
the cognizant transport organizations must be complied with; and
(b) the possible formation of products having dangerous properties by
the inte1:action of contents with the atmosphere or with water (e.g.,
the case of UF > must be taken into account.
6
At the fifth meeting of the Standing Advisory Group on the Safe Transport
of Radioactive Materials (SAGSTRAM), convened in Vienna, Austria in March
1 86, it was recommended that the IAEA take the lead, on a high priority

basis, to assess the adequacy of the r gulations for the transport of UF ,
6
considering both the radiological and chemical hazards posed by this material,
and prepare appropriate documentation to guide the further development of
t•ggulations in this area. In making this recommendation
that safety requirements for the transport of dangerous

S1\GSTRAM recognized
go()ds having other

than radiological hazards are generally and historically provided by other
cognizant international organizations. It also recognized, however, that the
United Nations Committee of Experts on the Transport of Dangerous Goods had
just issued a new edition of their Recommendations othe Transport of
Dangerous Goods and that the International Maritime Organization's
International Maritime Dangerous Goods Code (IMDG Code), the International
Civil Aviation Organization's Technical Instructions for the Safe Transport of
Dangerous Goods by Air, the Economic Commission for Europe's agreement
concerning tl1e international carriage of dangerous goods by road (ADR
agreement) and the Office Central des Transports Internationaux par Chemins de
Fer's COTIF convention (RID regulations) were all striving for uniform and
comprehensive adoption of new transport regulations for radioactive materials
on 1 January 1990. Therefore, it was felt that early guidance on UF would
6
be beneficial to the dangerous goods transport community.
In July 1986 a group of consultants was convened by the IAEA to provide
initial guidance on this topic, and a Technical Committee meeting was held in
November 1986 to finalize the development of these recommendations.
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This report provides the recommendations resulting from the meetings of
these experts. The IAEA recomm nds that national competent authorities and
other relevant national regulatory and standards-related organizations, and
appropriate international organizations seriously consider all of the
information provided in this report especially the requirements set forth in
Section III.3. Prompt review and appropriate revisions of relevant
regulations and standards by these organizations is encouraged.
The Agency will consider, relative to the long term development of
international regulatory documents, whether and how to take into account the
subsidiary hazards of radioactive materials. Therefore, comments on this
technical doc ment and on the need to include specific requirements for
subsidiary hazards in Safety Series No. 6 from interested parties are welcome
and they should be addressed to:
The Director (Ref: IAEA-TECDOC-423)
Division of Nuclear Safety
International Atomic Energy Agency
P.O. Box 100
A-1400 Vienna
Austria
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EDITORIAL NOTE
ln preparing this material for the press, staff of the International Atomic Energy Agency
have mounted and paginated the original manuscripts and given some attention to presentation.
The views expressed do not necessarily reflect those of the governments of the Member States
or organizations under whose auspices the manuscripts were produced.
The use in this book of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of
their authorities and institutions or of the delimitation of their boundaries.
The mention of specific companies or of their products or brand names does not imply any
endorsement or recommendation on the part of the IAEA.
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SECTION I
INTRODUCTION
Uranium hexafluoride is a special radioactive material having
considerable non-radiological hazardous properties. These properties are
known as "subsidiary hazards", although these hazards dominate in the cases of
depleted and natural uranium hexafluoride. In addition, enriched UF is a
6
fissile material capable of initiating an uncontrolled self-sustaining neutron
reaction, i.e., a critical system, under certain conditions.
Safety Series No. 6, "Regulations for the Safe Transport of Radioactive
Material" [1,2], prescribes requirements which are aimed at providing an
adequate level of safety against radiological and criticality hazards. Safety
requirements for materials having subsidiary hazards are prescribed in
appropriate international dangerous goods recommendations and modal transport
regulations. In addition to References 1 and 2 other documents providing
recommendations, regulations and standards include References 3-13.
Recent incidents and accidents in the handling and transport of UF

6
have drawn significant attention to the transport of UF . Thus there has
6
been a special need to evaluate whether the international requirements and
adequately and properly take into account the
6
radiological and non-radiological hazards of UF .
6
standards for transport of UF

As recommended by the Standing Advisory Group on the Safe Transport of
Radioactive Materials (SAGSTR.ft..M) the Agency has prepared this document with
the assistance of Member States. The purpose of this document is to provide
guidance on the safe transport of UF . The document should assist other
6
organizations and Member States in providing adequate and harmonized
requirements throughout the world.
The document first summarizes the international reguh.tions and standards
which currently exist for controlling the packages and the transport of
UF . Recotmnended additional requirements are then presented. These
6
requirements are developed taking into account the requirements of the current
UN Recommendations [3) for hazardous goods having comparable chemical hazards
to that of UF . Finally, issues which need to be addressed on a long tarm
6
basis are discussed.
9
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The document also includes a short glossary and appendices concerning the
(Appendix 1), properties of UF and its
6
6
reaction products and potential consequences of accidents (Appendix 11) as

overview of the transport of UF

well as an overview of both transport and operational accidents which have
involved UF

10

6

(Appendix III).
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SECTION II
EXISTING REGULATIONS, RECOMMENDATIONS AND STANDARDS
FOR THE TRANSPORT OF UF

6

This section provides a sunm1ary of key regulations, recommendations and
standards, existent in 1986, which relate specifically to the safe transport
of UF . These include elevant international documents and documents which
6
have been produced within individual Member States.

II.l.

IAEA REGULATIONS FOR THE SAFE TRANSPORT OF RADIOACTIVE MATERIAL

The IAEA periodically issues the Regulations for the Safe Transport of
Radioactive Materials (Safety Series No. 6).

These Regulations serve as a

model for regulations implemented by Member states, and for the regulatory
documents promulgated by transport-related international organizations.

The

latest edition of Safety Series No. 6 was issued in 1985 [1] and a supplement
thereto was issued in 1986 [2]. The following summarizes the requirements
relating to UF

6

which are contained in the 1985 Edition.

The basis for the requirements in Safety Series No. 6 is that package
performance requirements, operational procedures and approval and
administrative procedures are all structured on a hazard-graded system. For
example, where the radiological hazard posed by the contents of a package is
small, sufficient but minimal requirements and procedures are imposed, and as
the radiological hazard increases additional requirements and procedures are
imposed for these radiological hazards. However, non-radiological hazards of
the contents are not specifically addressed in Safety Series No. 6, but para.
105 therein states:

"For radioactive material having other dangerous properties, and for
transport or storage of radioactive material with other dangerous goods,
the relevant transport regulations for dangerous goods of each of the
countries through or into which the material is to be transported, and
the regulations of the cognizant transport organizations, shall apply, in
addition to these Regulations. It is also necessary to take into account
the possible formation of products having dangerous properties by
interaction of contents with the atmosphere or with water (e.g., the case
of UF6)."

11
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For solid unirradiated UF the requirements of Safety Series No. 6 lead
6
to six general combinations of material classifications and packaging
requirements* as follows:
1)

Safety Series No. 6 allows packaged UF , of any enrichment, or
6
empty packagings, to be transported as excepted packages subject to
the constraints of para. 415 of Safety Series No. 6, which include:
(a)

The re i ements of other regulations for non-radiological
hazards must also be satisfied (para. 407);

(b)

The package must retain its contents under conditions likely
to be encountered in routine transport (para. 419(a));

(c)

The package must bear on an internal surface a marking
"Radioactive" visible on opening the package -- but need not
be marked with radioactive labels externally (para. 419(b));

(d)

The package must satisfy the general design requirem nts
(paras 505-514);

(e)

The radiation level on tbpackage surface must not exceed
5 pSv/h (0.5 mrem/h} (para. 416);

(f)

The contamination levels for excepted packages must be
satisfied (para. 408),

(g)

The uranium-235 enrichment must not be greater than 1 , except
in the cases of items (h) and (i) below (para. 560(c));

(h)

If the uranium-235 enrichment is greater than 1but not
greater than 5 . the package must contain not more than 15 g
of fissile material, and it must have all external dimensions
greater than 10 em (para. 560(a)); and

Note: If UF6 can be classified as LSA-I, Safety Series No. 6 also
would appear to allow the transport of UF6 as unpackaged (para.
425(a)); however, due to the chemical reactions which will occur between
unpackaged UF 6 and air and water. such transport is not possible.

12
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(i)

If the uranium--235 enrichment is greater than S,.o, the package
-6

must not contain more than 10

TBq* of activity (Table IV

of Safety Series No. 6), the package must not contain more
than 15 g of fissile material, and it must have all external
dimensions greater than 10 em (para. 560(a)).
(j)

In addition, for shipment as an empty packaging, the following
are required (see para. 421 of Safety Series No. 6):
(i)

It is in a well-maintained condition and securely closed;

(ii)

The uter surface of any uranium or thorium in its
structure is covered with an inactive sheath made of
metal or some other substantial material;

(iii) The level of in1ternal non-fixed

contamination

does not

2

exceed 400 Bq/cm for b t.a and gamma emitters and low
2

toxicity alpha emitters, and 40 Bq/cm for all other
alpha emitters; and
(iv) Any labels which may have been displayed on it to
conform with requirements as a filled package are no
longer visible.
2)

Uranium-235 enrichment not greater than 0.721o
Classified as non-fissile, LSA-I; and
May be shipped in an IP-1.

3)

Uranium-235

enrichment greater than 0.721o but not exceeding 1.01o

Classified as fissile, LSA-II;
Regulated as non-fissile radioactive material (excepted from
packaging requirements for fissile materials}; and therefore
May be shipped in an IP-2; and
Shipped as a package containing non-fissile material.

It may contain up to lo-2 TBg if it has been qualified as special form
(Table IV of Safety Series No. 6}.
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4)

Uranium-235 enrichment greater than 0.72and maximum contents of
package less than 15 g of uranium-235
(a) Enrichment 5or less
Classified as fissile, LSA-II;
Regulated as non-fissile radioactive material (excepted from
packaging requirements for fissile materials); and therefore
May be shipped in IP-2; and
Shipped as a package containing non-fissile material.
(b) Enrichment more than 5
Classified as fissile radioactive material, LSA-II if specific
. .

5

act1v1ty not greater than 10 Bq/g;
Regulated as non-fissile radioactive material (excepted from
packaging requirements for fissile materials); and therefore
May be shipped in either IP-2 (if LSA-II), otherwise Type A; and
Shipped as a package containing non-fissile material.
5)

Uranium-235 enrichment greater than 1.0but not greater than 5.0
and maximum contents of package greater than 15 g of uranium-235
Classified as fissile radioactive material, LSA-II;
May be shipped in a packaging satisfying IP-2 containment and
shielding requirements and satisfying criticality safety
requirements; and
Shipped as a package containing fissile material.

6)

Uranium-235 enrichment greater than 5.0and maximum contents of
package greater than 15 g of uranium-235
5
(a) Specific activity not greater than 10 Bq/g (see Table AII.l)
Classified as fissile radioactive material, LSA-II;
Kay be shipped in a package satisfying IP-2 containment and
st.ielding requirements and satisfying criticality safety
requirements; and
Shipped as a package containing fissile material.

14
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5

(b) Specific activity greater than 10

Bq/g (see Table AII.l)

Classified as fissile radioactive material;
May be shipped in a package satisfying Type A containment and
shielding requirements if activity does not exceed 0.001 TBq,
otherwise shipped in a package satisfying Type B containment
and shielding requirements, and in both cases satisfying
criticality safety requirements; and
Shipped as a package containing fissile material.
Key requirements imposed for each of the last five of these six material
classification/packaging combinations are summarized in Table I. Shipment of
packaged UF

as excepted packages is not generally practical because of the
6
small quantities of UF per package involved. Requirements imposed by
6

Safety Series No. 6 for the shipment of empty pack&gings were outlined above.
Protection of the valves of UF

packages will be discussed in greater
6
detail in Section Ill. The extent to which Safety Series No. 6 requires
protection (inherently or directly) depends upon the material classification/
package which applies. If the UF

package is a Type B (it will also be a
6
package containing fissile material), the valve must be protected for the
accident condition tests (paras 627-629). Similarly, for other fissile

material shipments (where the package may be either IP-2 or Type A), the
mechanical and thermal tests (paras 627 and 628) required to assure prevention
of criticality (para. 564) may also inherently require valve protection. An
IP-2 package will inherently have the valve protected from normal transport
condition drops (para. 622), whereas an IP-1 or excepted package will have the
valve protected from accelerations and vibrations which may arise during
transport (para. 511).
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TABLE I.

REQUIREMENTS IKPOSEO ON UF6 TRANSPORT PACKAGES BY IliA SAFETY SIRIIS NO. 6
CNwmber• iQ parenthe•e• indicate relevant parasrapb auaber• froa Saf•ty Seriea lo. 6)
I

Huiaum
Uranium
Contenta
EnricluDent
lt. of U-235) <& of
U-2351

llaterial
Clauification

! 1C I P T I D P A C l A G I S

0.71"

(b)

UN
riuile
riuih
Packa&ln&
luaberfal ltequiraunta
Pacta&ins
llaterlal
Clauificatlon li.aquir...ntl

1111iiiUII
Radiation
Level

--

S II

LSA-z(c)
10 .Sv/b 3 •

T I I T,

S I C T I 0I

Labellin& ' Approvll
Documentation iequireuntl
lequlreuntl

I I . 1
<•36-•53)

lone

IIODI

2978

IP-1 <•26, H8l

riuih

riuih
IICipted
(560)

2978

lP-2 (426, 5191 (436-453)

lion•

rluil•

riuile
lzc:epted
(560)

2978

IP-2 if LSA
IU6-453l
(426,519, 560},
or Type A if not
LSA (524-538)

NODI

riuil•

riuil•
(5 9. 561568)(1)

2977

IP-2 (426, 519); (436-459)
aDd rluile
(559)

Jlon-fiull•

fr011 Unlbia1ded
>0.72'\ to
l.Ot.

(b)

LSA-IIIdl

if LSA-I or
LSA-II (422)

I

> 0.72'\

15 '
(560(a))

LSA-II(i)
if eDriclllleDt
St.;

if enricllllent

> St., LSA-II<•l
if apecific:
activity i

105 Bql&,
otbervile DOt
LSA

aDd 2 asvtb at
pacta&•
aurfac:e if aot
under
IIClUiive Uu
<433), or
10 asv/b at

> l.Ot. to

5.Ot.

(b)

(f)

LSA-III•>

pack•&• aurfac:e

llult!lateral
(710)
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> 5 .()'I.

(f)

LSA-Il(e)
if 1pecific:
activity
105 Bql&,
otherwi1e aot
LSA

if uDder
l:a:elulive Uu
(431)

Fiuile

riuil•
(559, 561568>(&)

2977

IP-2 if LS.a.
(436-159)
(426, 519), or,
if DOt LS.l,
TJpe A <524-538)
or Type B
<549-556 or
557-558);
and riuile
(559)

llultilat.aral
(7l0l
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(,) UN nuaber l• u1ed internationally
to 111i1t hatard identification
in emersency re1pon••·

<•> The 1peclfic activity llait for eolid LSA-II 11
(13l(b)(\i)):
10-1 A2/t

!bl Controlled by unthlelded aaterlal
radiation level at 3 • (122l.

Up to 5enrlc nt level (includin&l the A 2
value i1 unlimited.

<cl Natural and depleted 1olid
unlrradlated ur1nium i1 clatlified
a1 LSA-1 <13l(a)(lil and <lill.

Above 5enrichment level the Az value i1
l0-3 TBq, thut LSA-II limit it:
10-1 l l0-3 TBql& • l0-7 TBql& •105 Bql&

(d) LSA-I cennot be fi11ile aeterial
<13llal(iiill. Althoush the pack•&•
containins uranium enriched to a
maximum of lthould be resuleted
11 a non-fissile materiel peckat•
the radioactive aateriel l1 1till
fi11ile. Therefore it l1
cla11ified LSA-11Iel.

Acrqrdins to Table AII.l (Appendlz II), tpeclfic
act·vity up to 5enrlc ent leval it
6.7 x 101 Bql& or 1111. Above thil enrlehaent
level UF6 cannot be cla11ified 11 LSA-11, unle11
1peclflc activity remeln• below 105 Bq/s also
takins into account daushter product• of uranium
i1otopes and other impurities (see paras AII.8 and
9 of Appendix 11).
ur6 enriched to level• where the tpeclflc ectlvltJ
esceed1 105 Bql& c1nnot be cla11ified a• LSA-III
beeaute the requirement of para.l3l(c)(\l) i1 not
fulfilled.

(f)Controlled by pack•&• de•isn.
<&)fi11ile aaterlal ahall ba pactased and
lhipped in 1uch 1 aanner that
luberltleality i1 maintained under
no •l condition• of tran1port and in
eecident1. For demon1tratint thi• the
packaseJ ere required to be tftJted a1
lpecified in para• 619-626, 626-628 and
631-633 or 619-62A and 629 (eore
llaltins coablnation).
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II.2.

UNITED NATIONS RECOMMENDATIONS

C·N

THE TRANSPORT OF DANGEROUS GOODS

The second generally applicable international document is the UN
Recommendations on the Transport of Dangerous Goods [3] which provides a list
of dangerous goods and their corresponding recommended packaging
requirements. It establishes a classification by hazard in nine classes for
which radioactive materials are Class 7 and corrosive materials are Class 8.
Uranium hexafluoride is both radioactive and corrosive.*
Paragraphs 7.2 and 7.3 of reference 3 specifically advise on a
r dioactive material with combined risks as follows:
"7.2.
In practice, radioactive materials consisting of one or more
radionuclides, alone or associated with small quantities of
non--radioactive material (as is conunon), transported in accordance with
the IAEA Regulations will be satisfactorily covered in respect of any
other hazardous properties possessed by them.
"7.3.
However, it is emphasized that, except for radioactive material
in special form, as defined in the IAEA Regulations, radioactive material
transported in accordance with those Regulations may be associated with a
comparatively large quantity of a non-radioactive material (particularly
a liquid or a gas) which may possess other hazardous properties requiring
additional consideration in that respect. This should be borne in mind
particularly for those radioactive materials which are partially exempted
from certain of the provisions set down in the IAEA Regulations, namely:
(a) Small quantities of radioactive materials as provided for in
Section IV, paragraph 419 of the IAEA Regulations;
(b) The low specific activity materials as defined in Section I,
paragraph 13l(b)(ii) and 131(c) of the IAEA Regulations; and
For UF

shipments Reference 3 now includes the following, which should
6
be used instead of the requirements stipulated in chapters 9 and 12:
1)

For uranium hexafluoride, fissile excepted or non-fissile (UN No.
2978) -- it has a subsidiary risk classification of 8 (corrosive)
and Special Provision 174 applies; and

The uranium itself is also toxic (UN Class 6). The UN Recommendations do
not denote UF6 as being a toxic substance since its most significant
secondary hazard is corrosive.

"
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2)

For uranium hexafluoride, fissile containing more than 1.0
uranium-235 (UN No. 2977) -- it also has a subsidiary risk
classification of 8 and Special Provision 174 also applies.

Special Provision 174 states:
"Packaging should be designed as a pressure vessel at a standard
which conforms at least with the requirements of American National
Standard ANSI Nl4.1-1982 in addition to the requirements of the IAEA
Transport Regulations."
Thus, for properly prepared, marked and labelled UF shipments, if the
6
recommendations of Reference 3 are applied the ANSI Nl4.1-1982 (41
requlre ents relating to pressure vessels will also apply (these requirements
are reviewed in Section II. ).
However.. a consignor may have a sufficiently small quantity of UF

that
6
it will satisfy the requirements in Safety Series No. 6 (1,2] for shipment in
an excepted package. In this case it would be possible to present this
consignment packaged, marked, labelled and documented as an excepted package.
In this event it would be identified as UN No. 2910 and as a result it would
not have a subsidiary risk specified directly. Guidance would be provided
through Special Provision 172, which states:
"Radioactive material with a subsidiary risk should be
(a) packaged in accordance with the IAEA Transport Regulations; and
(b) unless shipped in a Type A or Type B package (IAEA Regulations),
also packaged in accordance with chapter 9 for Packing Groups I,
II, or III, as appropriate for the subsidiary risk."
Paragraph 9.1.3 of Reference 3 in turn states:
"9.1.3 Dangerous goods of all classes other than Classes 1, 2, 6.2 and
7 have for packing purposes been divided among three groups according to
the degree of danger they present, i.e.•
great danger - Packing Group I;
medium danger - Packing Group II; and
minor danger - Packing Group III.
The Packing Group to which a substance is assigned is listed in
chapter 2."
For Class 7, Radioactive Materials, and thus for UN Number 2910, no
Packing Group is provided. Therefore for an excepted package containing UF
an appropriate subsidiary risk classification would not be defined within

6
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Reference 3 and an adequate Packing Group and test requirement for the package
would also not be defined.
Therefore, consignors should also package, mark, label and document
according to the material being prepared for shipment (in this case UF
6
which has a subsidiary corrosive risk) and not according to package type which
may be allowed by the "primary" risk (radioactive) of the material.
Similarly for empty packagings belonging to UN Number 2910 special
provision 172 also applies. Therefore the provisions of chapter 9 should be
applied to any empty packaging even if its volume and/or its mass exceeds the
limits stated therein.
INTERNATIONAL MODAL REGULATORY DOCUMENTS

11.3.

The IMO (IMDG code), ICAO (Technical Instructions for the Safe Transport
of Dangerous Goods by Air}, ECE (ADR agreement), OCT! (RID regulations) and
other similar international organizations responsible for developing safety
provisions for the different modes of transport have regulatory documents
which are used by many Member States in regulating the transport of dangerous
goods. These organizations utilize the IAEA's Regulations [1,2] and the UN
Recommendations (3] as a basis for their documents. Because References 1, 2
and 3 were issued in 1985 and 1986, the modal organizations' regulatory
documents do not currently reflect what has been reviewed in Sections 11.1 and
II.2; with the exception that the ICAO implemented the UN's Special Provision
174 (see Section Il.2) in 1985. It is understood that the require ents of
References 1, 2 and 3 will be fully implemented by IMO, ICAO, ECE and OCT! in
their documents effective 1 January 1990.
In the existing ADR agreement for the international carriage of dangerous
goods by road [5] and RID regulations for the carriage of dangerous goods by
rail [6], a requirement is established that, for the carriage of UF

in
6
packages with a capacity exceeding 450 litres it is necessary to apply the
provisions for tank containers. These provisions differ to some extent from
ANSI Nl4.1-1982, in particular concerning the requirement for structural
equipment (stabilizing members), resistance of the package and its tiedowns to
specified accelerations during transport and maximum stress in the containment
system during the hydraulic test which is stated in ADR/RID as 75of yield
stress.
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II.4.

ANSI N14.1-1982 AND ISO/DIS/7195 STANDARDS

The ANSI N14.1-1982 standard for packaging of uranium hexafluoride for
transport [4] has become an international basis for the transport of UF6.
This standard is currently (1986) under revision.
Reference 4 provides requirements on design, fabrication, inspection,
cleanliness, and in-service maintenance for UF packagings. Also included
6
are package loading specifications, shipping details, and requirements for
valves and valve protectors.
Furthermore, where References 1 and 3 provide requirements for packages
mainly defined in terms of performance standards (i.e., they specify what is
to be accomplished, not how it is to be accomplished), Reference 4 provides
guidance mainly in terms of specific package design specifications.
Furthermore, it relies to a great extent upon United States specification
packages as set forth in Reference 7.
Reference 4 provides detailed design specifications on a family of 11
UF6 packagings ranging from a very small package capable of carrying 0.45 kg
of UF6 to a very large package capable of carrying 12,500 kg of UF6. It
also provides general guidance on outer packaging (denoted as overpacks in
ANSI N14.1-1982) which are used to provide protection under transport accident
conditions.
Section 6 of Reference 4 imposes various design and fabrication
requirements on the packagings and their anci11iary components (valves, plugs,
etc.); and these requirements refer among others to ANSI/ASME Boiler and
Pressure Vessel Code, Section VIII, Division 1 [8). The family of packagings
defined in Reference 4 all have the following design and test requirements:

2.

External design pressure = 0.15 MPa
Internal design pressure = 1.4 MPa

3.

Internal test pressure

4.

Maximum Design Temperature

5.

Minimum Design Temperature = -40°C.

1.

:;;:

2.8 MPa

= 120°C

The pressure vessel requirement for UF packages arises from the
6
operational filling and emptying procedures required by the nature of UF .
6
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This requirement adds significantly to the mechanical integrity of UF
packages during transport.

6

Some transport regulations and reconunendations [e.g., 3 and 121 refer to
ANSI Nl4.1-1982 as a minimum design requirement for UF

6

packages.

ANSI Nl4.1-1982 [4] does not reflect fully the 1985 Edition of Safety
Series No. 6 [1,2] and the current UN Reconm1endations [3] as it was published
in 1982. It is reconm1ended that the ANSI contn1ittee takes note of the latest
edition of the IAEA Safety Series No. 6.
A draft standard of the International Organization for Standardization

(ISO/DIS/7195) was available in mid-1986 [13}. The draft is similar to
Reference 4 but does not rely upon US specification packages or reference to
the ANSI/ASME Boiler and Pressure Vessel Code (8] as does Reference 4.

The

draft allows for application of national pressure vessel codes of the country
concerned when necessary. The draft does reflect the 1985 Edition of Safety
Series No. 6. It is reconunended that the finalization of the ISO standard is
accelerated.
II.S.

OTHER DOCUMENTS

A tri-lateral working agreement on UF packages [9] has been developed
6
between:
(1) Dienst voor het Stoomwezen, 5th District, The Netherlands.
(2) TUEV - Leitstelle Kerntechnik bei der VdTUEV, Federal Republic of
Germany, and
(3) British Nuclear Fuels plc, Unite!d Kingdom.
This agreement regulates the design, use and maintenance of UF

packages as
6
pressure vessels in the three countries; it is not a regulation for the
transport of UF .
6
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SECTION III
RECOMMENDED ADDITIONAL REQUIREMENTS

III.L

BACKGROUND

Uranium hexafluoride is a special radioactive material having
considerable subsidiary hazardous properties. In addition, enriched uF

is
6
a fissile material being capable - depending on the enrichment level - of
initiating a self-sustaining neutron chain reaction, i.e., a critical system.
The radiological and criticality hazards are generally well taken into

account in Safety Series No. 6 [1,2]. It means that by fulfilling the
requirements of Safety Series No. 6 adequate levels of safety can be achieved
as regards to radiological and criticality hazards. Safety Series No. 6 has
been adopted by most Member States directly or via other regulatory documents
provided by other organizations [5, 6, 10, 11 and 12] and the UN [3].
Uranium hexafluoride under ambient conditions is a solid, but it readily
sublimes into a gas when unconfined. When heated under pressure it can be
liquefied at relatively low temperatures (see Fig. AII.1, Appendix II).
During routine plant processing it is quite common for UF6 to be in all
physical states. Because of the physical properties of uF , and the ambient
6
temperature range assumed for transport (e.g., see Reference 1), uF6 will
normally be a solid during transport.
Under accident conditions mechanical damage and/or thermal exposure may
breach packaging containment. Should uF 6 be released under such conditions,
considerable concentrations of released uF6 vapour could be achieved at
relatively low temperatures. With the fast interaction capability of UF 6
vapour with atmospheric humidity, UF 6 and its hydrolysis products -

uo2F2

and HF - could be dispersed over a large area. Exposure to UF

6
and its hydrolysis products might cause serious damage to the kidneys and to

the respiratory system and, in some cases lead to fatalities. Hazards
relating to these chemical corrosive products are "subsidiary hazards". The
properties of UF
in Appendix II.

6

and its hydrolysis products are discussed in more detail
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Chemical hazards dominate the hazards of natural and depleted UF .
6
Uranium hexafluoride enriched more than 1(except amounts less than 15 g) has
to be transported in packages which, according to Safety Series No. 6, have to
be tested to accident conditions of transport for ensuring criticality
safety. If the packaging leaktightness is needed for subcritical conditions,
those packagings also provide adequate levels of safety for other hazards.
However, safety during the transport of natural, depleted and low enriched
(1) UF

6

has to be ensured by other oafety measures.

Taking into account the subsidiary corrosivand toxic hazards of UF

6
and its reaction products with water, one may question whether the transport
of UF has been covered adequately in international regulations and
6
recommendations. Specifically it is argued [14) that, for packages containing
more than 10 kg of UF , the package should be capable of withstanding
6
accident conditions of transport (10 kg of UF when fully reacted with H o
2
6
will produce 2.3 kg HF). However, it should be noted that the level of safety
which is achieved with packagings conforming to ANSI N14.1-1982 [4] is high.
III.2.

BASIS FOR RECOMMENDATIONS

The radiological safety requirements of the Regulations [1,2) are
principally based on the systsm of dose limitation [15] prescribed in IAEA
Safety Series No. 9 [16). The system of dose limitation can be summarized as
follows:
No practice shall be adopted unless its introduction produces

b

positive net benefit;
All exposures shall be kept as low as reasonably achievable,
economic and social factors being taken into account; and
The dose to individuals shall not exceed the limits for the
appropriate circumstances.
Based on these principles the specific requirements on packages and
transport have been developed. These requirements are aimed at ensuring that
doses due to the transport of radioactive materials to transport workers and
members of the public remain well below the annual limits due to all radiation
sources (50 msv and 5 mSv respectively). The requirements are also aimed at
ensuring that doses due to transport accidents remain acceptably low [15].
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In the case of fissile materials it is required that subcritical
conditions shall be ensured in all anticipated conditions, including accidents.
The requirements for the transport of other dangerous materials have been
developed based on the knowledge of the acute hazards these materials pose to
people.
There are three main possibilities to define a basis for requirements
aimed at taking into account the "subsidiary hazards" of UF . These are:
6
to require that the level of safety for subsidiary hazards is
equivalent to the level of safety for radiological hazards,
to require that the level of safety is equivalent to the level of
safety for hazards posed by materials having comparable dangerous,
corrosive or toxic properties, or
to preserve the current level of safety as provided by the present
practice of transport and handling operations of UF

6

by developing

performance standards for the packagings.
The first approach would be logical because it provides the same level of
safety against all hazardous effects of the material in question. However,
the safety requirements for radioactive materials and for other dangerous
materials are based on different principles, and accordingly it is not
possible without further research to define those measures which could provide
equivalent levels of safety. On the other hand, relative to the third
approach, it is appreciated that in practice the safety level during the
transport of UF

is adequate, but that a need exists tD have it expressed
6
into performance standards.
Therefore, in the recommendations which follow, it is proposed that the

"subsidiary hazards" of UF

should be covered by the requirements which are
6
applicable to materials having comparable chemical hazardous properties. In

developing the requirements in subsections 3.1. to 3.4. of Section III.3, the
requirements of the UN Recommendations [3] for a chemical substance of packing
group I (for small packagings} and applicable requirements thereof for tank
containers (for large packagings) have been used as far as reasonable, taking
into account both the corrosive and the toxic properties of UF .
6
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The following list summarizes the requirements prescribed in the UN
Recommendations [3] which are considered applicable, and thus have been taken
into account in the requirements which are recommended in Section III.3 (the
paragraph numbers arethe numbers

in the UN recommendations):

(a) Transport in packages classified as Packing Group I
The volume of the packages is required to be less than 450 1 and the mass
of the contents less than 400 kg (see para. 9.1.2). It should be noted
that the mass of UF

allowed to be transported in a packaging with a
6
volume less than 450 1 may exceed the value of 400 kg. Therefore taking
into account that tank container requirements do not apply to tanks with
a volume less than 450 1 it is proposed that UF 6 packages be exempted
from the mass limit of 400 kg.
The main relevant requirements for Packing Group I are summarized as
follows:
9.3.2

Compatability of contents and packaging material.

9.3.3

Principle of design evaluation and conformity of serial
samples with the design.

9.3.10

Capability to resist internal pressures depending on vapour
pressure of contents at 55°C. The packaging has to be
tested to a pressure which is higher than

3

2 of

the

vapour pressure at 55°C Jess 100 kPa.
9.3.11

Empty, uncleaned packaging to be treated in the same manner
as when full.

9.3.13

Alternative packaging specifications and testing not
excluded.

9.5

Official allocation of a UN number for approved designs.

9.7

Test requirements, see Table II.
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TABLE II. SUMMARY OF TESTS FOR UN PACKING GROUP I (NOT CONTAINING LIQUIDS)

1.

Drop tests (Section 9.7.3 of UN Recommendations [3])
Number of Tests: 6
(a) Three samples on circumferential seam or edge;
(b) Three samples on weakest part not tested in (a) above.
Target: rigid, non-resilient, flat and horizontal surface.
Drop Height: 1.8 m
Criteria for Passing the Test:
(a) "Where a packaging for solids undergoes a drop test and its
upper face strikes the target, the test sample passes the test
if the entire contents are retained by an inner packaging or
inner receptacle (e.g., a plastics bag), even if the closure is
no longer sift-proof."
(b) "The packaging or outer packaging of a composite or combination
packaging should not exhibit any damage liable to affect safety
during transport. There should be no leakage of the filling
substance from the inner receptacle or inner packaging(s)."
(c) "A slight discharge from the closure(s) upon impact should not
be considered to be a failure of the packaging provided that no
further leakage occurs."

2.

Internal pressure test (Section 9.7.5 of UN Recommendations)
Number of Tests: 3
Test:

Minimum test pressure of 250 kPa for a period of 5 or 30 minutes
depending upon the material of construction of the packaging.

Criterion for Passing the Test: No packaging should leak.
3.

Stacking test (Section 9.7.6 of UN Recommendations)
Number of Tests:
Test:

3

The test sample should be subjected t.o a force applied to the
top surface of the test sample equivalent to the total weight of
identical packages which might be stacked on it during
transport. The n1inimum height of the stack including the test
sample should be 3 metres. The duration of the test should be
24 hours.

Criterion for Passing the Test: No t.est sample should leak.
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(b) Transport in tank containers
The volume of tank containers is more than 450 1.

The main relevant

requirements for these containers are summarized as follows:
12.1.2

Possibility for alternatiVl arrangements.

12.3.1

Metallic wall material suitable to shaping and welding;
outer surface suitable for the external environment.

12.3.2, 12.3.7 Compatability of contents and tank material.
12.3.9

No loss of contents resulting from internal pressure due to
the contents, and the static and dynamic stresses in normal
handling and transport.

12.3.10

External overpressure of at least 40 kPa above the internal
pressure.

12.3.11

Specification of dynamic loadings for tank and fastening:
2 g in direction of travel,
1 g lateral and up, and
2 g down
with a safety factor of 1.5 against yield strength.

12.3.12

Tank containers should be transported only on vehicles with
fastenings capable of absorbing the forces specified in
para. 12.3.11.

12.3.13

Requirement for an additional protection either by
additional wall thickness or a higher test pressure being
determined in the light of dangers inherent in the substance
concerned, or of a protective device approved by the
appropriate authority. The materials concerned by this
requirement are listed in Table 12.2 of the UN
Recommendations.

12.4.2

The internal test pressure at least 1.5 times the maximum
allowable working pressure.
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12.4.3

Materials chosen and wall thickness determined with
consideration to the risk of brittle fracture and taking
into account the maximum and minimum filling or working
temperature.

12.4.3.1 Stress and strain limits for the test pressure specified.
12.5.1

Tank containers to be built to an approved technical code
which is recognized by the appropriate authority.

12.5.2, 12.5.3 Minimum wall thickness requirements specified.
12.6.1

Service equipment to be so arranged as to be protected
against the risk of being wrenched off or damaged during
transport and handling. Equipment protection to offer a
degree of safety comparable with that of the tank shell.

12.8.2

In the case of a tank container with no pressure relief the
tank should withstand a complete engulfment in fire for 30
minutes.

12.18

Design for secure base during transport (not necessarily
permanently attached) and suitable permanent lifting and
tie-down attachments. The loadings to be taken into account
are loadings specified in para. 12.3.11.

12.19

Design approval for a tank container by the appropriate
authority is necessary.

12.19.3

Each tank container to be inspected before being put into
service {initial inspection and test) and thereafter at not
more than five year intervals by an expert approved by the
appropriate authority. (Detailed provisions for extent of
certification and testing.)

12.21

Tank containers to be adequately protected against lateral
and longitudinal impact and against overturning during
transport.
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Due to the filling and emptying procedures required by the nature of
UF6, packagings for UF

are required to meet all appropriate pressure
6
vessel requirements. These requirements are prescribed by national codes and
regulations and they normally cover designs (design and testing temperature
and pressure, allowable stresses, etc.), fabrication (materials, weldings,
inspections, etc.), testing and retesting (testing pressures and frequencies,
etc.), operation conditions, quality assurance and quality control as well as
approvals and inspections by the appropriate authority and other appointed
experts. Pressure vessel requirements for UF

packages are taken into
6
account, e.g., in the ANSI N14.1-standar.d [4], which, however, mainly reflects
the ASHE pressure vessel code [8].
In Section III.3 it is proposed that the internal test pressure
requirement of para. 12.4.2 of the UN Recommendations (1.5 times the maximum
allowable working pressure) be applied to all UF

packagings. The proposed
6
minimum value of the test pressure takes into account the minimum temperature
ranges (-40°C to +120°C) and it also includes an additional safety margin.
Safety Series No. 6 only takes an accident-related fire environment into
account for packages having great potential radiological dangers, that is Type
B packages and packages containing fissile material. Consequently, there is
no requirement for depleted, natural and other UF

packages excepted from
6
requirements for fissile materials to be subjected to the thermal test
requirements. The UN Recommendations consider the fire environment only for
the transportation of large quantities of hazardous materials which must be
transported in tank containers (capacity> 450 1). However it should be noted
that the test criteria are not based on the same considerations.
Safety Series No. 6 provides a high degree of safety by defining the

maximum amount of radioactive material that may escape to the environment so
the radiological effects are limited to a value which is considered
acceptable. The UN Recommendations to the contrary permit a leak which may be
very significant in consideration of the chemical effects. Discharge safety
valves are used to limit the effects resulting from the rupture of the tank
container.
The fact that tank containers without safety valves are accepted in the
UN Recommendations do not modify this situation. This means that, for UF

6
packages which are in use now (e.g., 48Y packages) and which have no discharge
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safety valve, a leak at the filling-emptying location may be acceptable in the
fire condition.
For the fire conditions, Safety Series No. 6 prescribes the average
emissivity coefficient, the temperature and the duration of the fire whereas
the UN Reconmlendations only prescribe the duration. The two other parameters
have to be extracted from the UN formulae which are related to the
calculations for the discharge safety valve. In Section 111.3, a fire
temperature of 650°C is recommended.
Doubts have been expressed on the adequacy of the valve protectors of the
UF

packagings currently in use. Except for the sampling packagings "1S"
6
an"2S", all other types of UF packagings, as specified in ANSI N14.1-1982
6
[4) and OR0-651 [7), are provided with some kind of valve protection. Whereas
for the smaller types of packagings these protections are cap shaped, screwed

on after loading; others for the larger packagings are designed as skirts
completed by a case-shaped metal plate construction. In the case of the 48
type packagings this structure is mounted by a set screw, providing a
force--related connection with the skirt and protrudes over the skirt.
It seems obvious that these different types of valve protectors provide
for different levels of safety against mechanical loadings originating from
handling or transport conditions. Especially, besides specifications as
outlined drawings and materials requirements, there are no safety goals or
acceptance criteria given in the above standards; guidance for judgement on
the adequacy of valve protectors for existing or new solutions is missing.
Safety Series No. 6 [1,2) does not distinguish between the safety of a
vessel and the service equipment of a containment system either in the case of
IP, Type A or T}pe B package designs. The performance tests have to be
performed on the entire package "so as to suffer maximum damage". Therefore
the Type B drop on the punch will be performed so as to hit the most sensitive
J

spot such as a v&l:·;.,·;:;.- --This means that Safety Series No. 6 requires the same
level of safety against the design criteria in terms of performance test
standards for all parts of the containment system including, for example, a
valve.
The same principle can be fcund in the UN Recommendations [3]. For
specified package types such as drums, boxes, etc., drop tests are required to
be performed on the entire package (among others) "on weakest part not tested"
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in the specified impact orientation (see, for example, para. 9.7.3 of
Reference 3).

For tank containers para. 12.6.1 of Reference 3 stipulates that

"Equipment protection should offer a degree of safety comparable with that of
the tank shell."
Pursuant to the above quoted status it should be required that the valves
of all UF 6 packages shall provide for the equivalent level of safety as
requir·ed for the other parts of the containment system. To arrive at
design-independent provisions, acceptance criteria are needed. The mechanical
loadings depend on the safety function of the containment system under
handling and transport conditions:
transport loadings are specified by the performance test standards
prescribed either for UN packing groups I, II and III, or IAEA IP-2,
IP-3, Type A and B packages. They are also defined generally for
tank containers in UN Recommendations [3, para. 12.21]. A
specification of the mechanical loadings to account for, is for
example given in the FRG national interpretation of the above
mentioned para. 12.6.1 (which is endorsed in ADR/RID requirements
and in transport regulations of FRG). This interpretation (see
Reference 17) states that the requirement is fulfilled if a static
force with the magnitude of the total mass multiplied by a factor of
1.1 is applied (by experiment or calculation) on the valve
protection in the most damaging orientation (criteria: no leakage,
however plastic deformation is allowed).
the handling loadings are a function of the mass of the handled
packages.
In order to ensure that UF

packages fulfill adequate safety
6
requirements throughout their lifetime, specific retesting and maintenance
requirements are prescribed in Section III.3, taking into account paras 9.3.9
and 12.19.3 of Reference 3.

These requirements also take into account the

radiological safety aspects of empty receptacles after unloading. If the
unloading has not been followed by a cleaning operation, the residual "heels"
in empty receptacles may cause abnormalities in the radiation field around the
packages and prohibit the classification of heels as LSA material. This is
due to the fact that the heels of UF

also include impurities such as
6
daughter nuclides of uranium, fission products and transuranic elements.
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III.3.

RECOMMENDED ADDITIONAL REQUIREMENTS

It is reconmtended that uranium hexafluoride packagings and packages
should, in addition to the requirements of Safety Series No. 6 [1,2] be
designed, manufactured and used to confom at least with the following
requirements. It is proposed that these requirements be applied to all
packagings for which manufacturing will start after 1 January 1988.
Consideration should also be given to the provisions on maintenance,
reinspection and structural equipment of the packagings manufactured bsfore
that time. Advisory material for the design, manufacturing, testing and use
packagings is sunwarized in References 3, 4, 7 and 18. It should be
6
noted that additional requirements may arise from national pressure vessel
of UF

regulations.
Design, manufacturing and testing requirements

3.1.

3.1.1. General design requirements for all packagings
(a)

UF

should be packed in packagings of good quality which should
6
be designed so as to prevent the package as prepared for shipment
from any leakage which might be caused under not al conditions of
transport by changes in temperature, humidity or pressure
(resulting from altitude changes, for example).

(b)

The presence of pressure-relief valves on packagings for the
should not be allowed and the number of openings
6
should be minimized.

transport of UF

{c)

Packagings including their service equipment should be designed to
a minimum temperature range of -40°C and +120°C, and to a maximum
allowable working pressure which corresponds to the total gas
pressure at the maximum working temperature.

(d)

Packagings including their service equipment and structural
equipment (if it is a part of a packaging) should be designed so as
to prevent any leakage and any plastic deformation as stated in
para. 12.4.3.1 of the UN Recommendations (3] when subjected to an
internal test pressure of at least 1.5 times the maximum allowable
working pressure.
1.2 MPa.

The test pressure should not be lower than
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(e}

Packagings including their structural equipment (if it is a part of
a packaging) should be designed so as to prevent permanent
deformation at an external pressure of 0.15 MPa (gauge pressure).

(f)

Packagings including their service equipment should be so designed
that, if a packaging were subjected to the leak test as specified
in Section III, para. 3.1.5(f), no leakage of material in excess of
the appropriate value for the test would occur.

3.1.2. Design requirements for packagings with a volume less than 450 litres
Packagings should conform with the requirements of Packing Group I as
specified in Chapter 9 of the UN Recommendations [3].
3.1.3. Design requirements for packagings with a volume more than 450 litres
(a)

Packagings should be designed to conform with the requirements
prescribed in Chapter 12 of the UN Recommendations [3], taking into
account that the base plate chassis may or may not be an integral
part of a packaging and even if not, paras 12.3.9, 12.3.11 and
12.18 of the UN Recommendations should be applied.

(b)

Packages including their service equipment and structural equipment
(if it is a part of a packaging) should be designed so as to
prevent any leakage when subjected to a free drop test on a flat,
horizontal and unyielding surface. The height of the drop,
measured from the lowest point of the specimen to the upper surface
of the target should be not less than the distance specified in the
Table below.

Package mass (kg)

Free drop distance (m)
5 000

1.2

5 000

package mass < 10 000

0.9

10 000

package mass < 15 000

0.6

15 000

package mass

0.3

0 < package mass <
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(c) Packages should be capable of withstanding the developed pressure of
the liquid and gaseous contents after complete engulfment in a fire
at 650°C for a period of 30 minutes.
3.1.4.

Cleaning requirements

After fabrication the inside of the containment system should be
thoroughly cleaned of grease, oil, scale, slag, and other foreign matter using
an appropriate procedure.
3.1.5.

Testing and inspection requirements

(a) Every manufactured packaging and its service equipment should be
inspected and tested either together or separately, prior to first
use and periodically thereafter. These inspections and tests which
may be carried out in a country other than that of origin or
ownership should be performed in consent with the approval
certificate of the competent authority of the country of origin or
use, and they should be certified.
(b) The initial inspection and testing should consist of the conformity
inspection, the structural test, the leak test, the water capacity
test and a function test of the service equipment.
(c) Reinspection and retesting should consist of a visual inspection,
the structural test, the leak test and a functional test of the
service equipment. The interval for reinspection and retesting
should be not greater than 5 years. Packages which have not been
inspected and tested within a 5 year period, prior to transport,
should be inspected to a programme acceptable to the competent
authority. They should not be refilled prior to the execution of
the full reinspection programme.
(d) The conformity test should demonstrate compliance with the design
specifications and the manufacturing programme.
(e) The structural test should be a hydraulic test to an internal
pressure specified in Section III, para. 3.1.1(d). For retesting
any other equivalent non-destructive examination acceptable to the
competent authority may be applied.
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(f) The leak test should be performed by means of a procedure capable of
indicating leakage from the containment system with a sensitivity of
0.1 Pa 1/s.
(g) The capacity of the packaging should be established by means of a
water volume test at a tolerance of ± 0.25with l5°C as the
reference temperature.
3.1.6.

Marking requirements

A plate made from a non-corroding metal should be durably attached to the
containment system of every UF

packaging. The method of attaching the
6
plate should not affect the strength of the containment system. At least the
following particulars should be stamped or marked in a similar way on this
plate:
Approval number
Manufactur9r's serial number
Test pressure
Contents: uranium hexafluoride (UF )
6
Maximum allowable working pressure
Maximum allowable working temperature
Capacity in litres
Permissible values of UF filling mass
6
Tare mass
Date of initial test and most recent periodic test.
3.2. Design approval requirements
Except for packages designed to contain less than 10 kg UF , the
6

competent authority of the country of origin should unilaterally certify, for
package, that the design meets the provisions of these
6
recommendations, and should allocate an approval number. This certification
every design of a UF

may be part of the Type B approval and/or approval for fissile material
package design, as appropriate, required by Safety Series No. 6.
3.3. Requirements on loading for transport
(a) The UF

should be in solid form when the package is offered for
6
transport.
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(b) The degree of filling should not exceed a value which would lead to
a filling of the volume with UF
working temperature.

6

greater than 95at the maximum

(c) During transport and intermediate storage, uncleaned empty
receptacles should be closed and leakproof to the same degree as
filled packagings.
3.4. Requirements for quality assurance and maintenance

3 .4.1.

Quality assurance requirements

A quality assurance progranwe should be established for the design,
manufacture and use of UF

packages. The level of quality assurance should
6
take into account the chemical hazards of UF .
6
3.4.2.

Maintenance requirements

(a) Maintenance of packagings should be performed as necessary before
and/or after each inspection or test and should concern the items to
be inspected or tested.
(b) Cleaning of the packagings should be performed by using an
appropriate procedure only. The use of aqueous cleaning agents
should be permissible only if criticality safety is being observed.
(c) Any repair should be performed in accordance with the specified
design and manufacturing programme of the packaging. If this is not
possible, the proposed repairs and repair programmes are subject to
approval by the competent authority in advance.
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SECTION IV
DISCUSSION AND CONCLUSIONS

The development of this document was prompted by a recommendation in 1986
from the IAEA's Standing Advisory Group on the Safe Transport of Radioactive
Materials (SAGSTRAM) that near-term guidance was needed on the packaging for
the transport of UF6. The recommendation was made, not because there was
any major problem in either the normal transport of UF or in transport
6
accidents involving this material, but because there was growing concern ovP.r
the adequacy of the international regulations and recommendations relative to
protection from the chemical hazards posed by a large accidental release of
UF .
6
Historically, the IAEA has not been directly concerned with the
non-radiological hazards of radioactive materials in its Safety Series No. 6
[1, 2, 15 and 18]. However, at the March 1986 SAGSTRAM meeting it was
recommended that advice in this area from the IAEA would be useful to the
industrial and regulatory transport conwunity.
In Section II of this document, the regulations, recommendations and
standards used throughout the world to control the transport of UF6 have
been reviewed. In Section III, additional recommendations, which are proposed
to be applied to packagings for which manufacturing will start after 1 January
1988, are put forward for the design, manufacturing, testing, maintenance and
use of UF6 packages. However, consideration should be given to the
provisions on reinspection and maintenance (see Section III.3) as regards the
further use of those packagings which have been manufactured (in compliance
with References 4 and 12) prior to 1 January 1988.

Consideration should also

be given to structural equipment of these packagings. It is felt that these
new reconm1endations provide adequate and balanced protection to life, property
and environment, not only from radiological hazards but also from chemical
hazards. In response to concerns over the non-radiological hazards posed by
UF

in transport, ANSI N14.1-1982 [4] requirements have been followed for
6
shipments of uF in many countries; and many of these requirements are
6
similar to or provide equivalent safety to those recommendations in Section

III hereof.
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The reconwendations of Section III have been developed taking into
account the provisions of the UN Reconmtendations [3] applicable to materials
having comparable chemical hazardous properties. Depending upon the level of
enrichment of the UF , and the quantity in a package, the existing
6
requirements for protection from radiological hazards [1,2] may provide
equivalent or greater levels of package integrity. For example, Type B
packages are designed to resist a 9 m drop onto an unyielding target, a 1 m
drop onto a steel puncture bar and a 30 minute, 800°C thermal exposure.
It must also be noted that, because UF
injecting hot liquid UF

packages can be loaded by
6
under pressure, the packages are inherently safe

6
because they have to be designed as pressure vessels. However, the pressure
vessel aspect of their design is neither covered·in this document, Safety
Series No. 6 [1,2] nor in the UN Recomntendations [3]; but are covered e.g. in
ANSI Nl4.1-1982 [4].
Also, to protect against discharge of UF
thermal test requirements for large UF

in accident situations,
6
packages have been reconmtended here

6
in compliance with the UN Recommendations [3]. To be consistent with the
requirements in the UN Recommendations [3] and to provide adequate valve
protection, a drop test requirement for all package designs of UF

6

is also

recomntended (see Section III, paras 3.1.2 and 3.1.3(b)).
The recommendations set forth in Section III should be given serious
consideration by regulatory authorities, and package designers, manufacturers
and users throughout the world not only to enhance safety, but also to enhance
harmonization between countries. Currently, there are many regulatory
problems involved with the international transport of UF

which, in part,
6
are caused by the lack of consistency in domestic regulations and

unacceptability and/or non-interchangeability of standards such as ANSI
Nl4.1-1982 [4]. Also, in many countries, and in international dangerous goods
transport reconwendations and regulations, the radiological hazard posed by
UF

controls the package design rather than the chemical hazard. In the
6
case of UF , the recommendations in Section III have addressed UF as a
6
6
unique case; and they should be considered as such by regulatory authorities.
In the case of most radioactive materials, the radioactive hazard should
continue to take precedence over other hazards for the purpose of transport
regulations, but consideration should be given to a joint IAEA/UNECOSOC study
team to assess whether other radioactive materials should be singled out for
special treatment within the UN Recommendations [3].
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Safety Series No. 6 [1,2], UN Recommendations [3) and other documents
such as ANSI 14.1-1982 [4] should also be reviewed to improve accuracy,
clarity and consistency.
Finally, research in certain areas pertaining to the transport of UF

6
would be useful in applying recommendations in Section III.3. Main research
areas are:
1.

Thermal parameters of UF

6

As no generally accepted set of values exists for the thermal
transmission properties of UF6 in the liquid and solid phase research is
reconwended into establishing definitive data.
2.

Thermal Behaviour of UF

6

Packages and Assessment of Need for Additional

Protection in Fires
According to the recommendations in Section III, para. 3.1.3(c), lar&e
packages carrying UF6 would need to survive a thermal test. This means that
packages and composite packages (see References 19-22) need to be evaluated
for this exposure situation. An analysis of a 2 tonne package of UF

in a
6
fire was reported in Reference 23, where it was found that a packaging failure
could be expected appproximately 20 minutes after the start of the fire.
3

study of a 4.04 m

packaging filled with 12,500 kg of UF

6

In a

{24], it was

reported that:
"the container will withstand a 200°C fire for around 20 hours, under the
same conditions it will only withstand an 900°C fire for 30 minutes. If
the percentage of fill is lower, the time required for the pressure limit
to be reached is not necessarily extended since the thermal inertias are
decreased."
Results on studies on thermal behaviour of UF 6 packages are also reported in
References 25 and 26. Further studies in this area are still needed.
Specifically, it is recommended that better analytical models for evaluating
the thermal behaviour of UF

packages be developed and that these models be
6
verified with tests. It is important that the results of safety evaluations
on heat resistance of UF packages are consistent among Member States.
6
3.

Thermal Environment for UF

6

Package Tests

In Section III, para. 3.1.3(c), it is suggested that UF

packages
6
having a volume greater than 450 1 should be capable of withstanding
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engulfment in a fire at 650°C for 30 minutes. According to the UN
Recommendations [3) the fire conditions have to be extracted from the formulae
which are related to the calculations for the discharge safety valve (e.g.,
see paras 12.13.2.1 and 12.31.2.2 thereof). The thermal test in Safety Series
No. 6 [1,2] for demonstrating the ability of Type B and fissile packages to
withstand accident conditions in transport are specified in terms of average
flame temperature and time; whereas the temperature of the fire in the UN
Recommendations is not specified. It is reconm1ended that studies be urgently
made to quantify the flame temperature in the UN Reconwendations.
4.

Impact Resistance of Valves and Valve Protectors
In Section III, requirements for valve protection have been reconwended.

Studies on improved designs for existing packagings to allow expeditious and
economical retrofit are needed.
5.

New Valve Design
Rather than providing protection for valves external to packagings,

studies into the feasibility of "in-packaging" valves might be worthwhile.
This would allow the packaging structure itself to provide the impact load
protection of the valve.
6.

Residuals in Packagings

Experience shows that when UF packages are drained a heel remains
6
which contains non-volatilized deposits of impurities and uranium daughter
products. These may cause a localized high radiation level in the location of
the heel (usually at the bottom of the packaging), and also may invalidate the
assumption of uniform distribution when defining the contents of a refilled
package as LSA. Additional studies to clarify the problems of "heels" with
empty and refilled packagings are needed.
7.

Behaviour of UF Packages under Water
6

Experiments have been carried out and are being proposed inco the behaviour
of UF

packages under water.
Since there are no stand!ri tests an
6
agreed set of test conditions should be developed. These should include the
effects of internal and external pressure which will determine the maximum
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depth for the salvage of a package. The interaction of UF 6 with water and
other materials such as organics, e.g. fuel oil, should be investigated.
Finally the plugging effect of reaction products under water should be studied.
8.

Miscellaneous Properties of UF

6

The rate of sublimation from a thin lsyer of solid UF

at ambient
6
temperature of dry air should be determined in order to have a standardized
source term.
Studies on the atmospheric transport phenomena of UF6 and its reaction
products with water should also be considered.
9.

Risk Assessment of the Transport of UF 6
Risk assessments taking into account all new information on the transport

of UF are recommended. These assessments should take into account all
6
modes of transport and all hazards relating to UF 6 [27 and 28}.
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APPENDIX I
OVERVIEW OF THE TRANSPORT OF UF

6

Uranium hexafluoride is the chemical form in which uranium is processed
in the world's enriching facilities. It is presently transported to these
facilities in large capacity (9,500-12,500 kg UF ) 48X and 48Y type
6
packagings (without outer packagings) from the natural UF production
6
facilities (UN No. 2978).
These same type packagings may also be used to transport depleted UF

6
or enriched (up to 11o U-235) since the contained uranium is either non-fissile
or could be transported as a package containing non-fissile material (UN No.
2978).
These 48 type packagings may also be used in conjunction with outer
packagings as composite packagings to transport enriched UF up to 4.51o
6
U-235 (UN No. 2977).
Smaller 30A and 308 packagings and composite packagings also may be used
to transport natural UF

6 (UN No. 2978).

In some countries depleted UF is stored and transported in 48G and H
6
(thin wall) packagings (without outer packagings) (UN No. 2978).
Uranium hexafluoride enriched to greater

than 11o and less than 51o U-235

is routinely transported in 30A and B composite packagings. These are the
principal packages for UF

which is shipped to enriched storage, reblending
6
operations and fuel fabrications. Uranium hexafluoride at higher enrichments
is shipped in various smaller composite packagings depending on the U-235

enrichment. For example, sample quantities of UF

are routinely transported
6
in lS and 2S type packagings and composite packagings (UN No. 2977).
The transport of UF between various fuel cycle facilities is
6

summarized in Figure AI.l.
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APPENDIX II
PROPERTIES OF UF , ITS REACTION PRODUCTS
6
AND POTENTIAL ACCIDENT CONSEQUENCES
INTRODUCTION
A.II.l.

This Appendix gives a short sunwary of the relevant properties of

the materials involved. Hazards associated with these materials, both from
the radiological and chemical point of view, are discussed as well. A brief
description of possible consequences of accidents is given.
PROPERTIES OF URANIUM HEXAFLUORIDE
A.II.2.

Uranium hexafluoride, UF , is a white solid at room temperature.
6
It is the only compound of uranium which is a gas at low temperature. Under
atmospheric pressure (0.101 MPa, 760 mmHg) it sublintes at 56.4°C. It
liquefies at 64.0°C at a pressure of 0.151 MPa (1137 mmHg).

Physical properties
A.II.3.

The most important physical properties of UF

6

are given below

[1,2]:
Heat of sublimation (64°C)

137,500 J/kg

Heat of fusion (64°C)

54,167 J/kg

Heat of vaporization (64°C)

83,333 J/kg

Critical pressure

4.61 MPa

Critical temperature

230.2°C
64.0°C

Triple point
Vapour pressure - temperature relations:
For temperatures 64°C t 120°C:

lg P (MPa) = 3.11964- 1126.288/(t + 221.963), and for
10

ooc

t 64°C:
lg P (MPa)
10

2.50853 + 0.0075377 t- 942.76/(t + 183.416)
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The diagrams for UF

6

phases, densities and heat capacities of UF

(liquid, solid and vapour), UF
thermal conductivity of UF

6

6

6

sublimation and vaporization heat and

vapour are given in Figures AII.l-9.

Usually UF
inside a UF

contains small quantities of HF. The vapour pressure
6
packaging is therefore somewhat higher. The phase diagram of

0
UF -HF mixtures is given in Reference 1.
6
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VAPOUR DENSITY OF UF

The vapour density of UF

J

=

6

6

(calculated at atmospheric pressure) [1)

is given by the expression:

4.291 p

glee

P is the pressure in atmospheres and T the temperature in degrees Kelvin.
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Chemical properties
AII.4.

Uranium hexafluoride is a highly reactive material which reacts

chemically with water, ether and alcohol to form soluble reaction products.
These reactions are very exothermic. Water reacts wilh UF

to produce
6
uranyl fluoride (U0 F > and hydrofluoric acid (HF). Two reactions could
2 2
be mentioned:
(a) In gaseous phase:

where dH

=

-156.8 KJ/mole

(b) In a condensed state:

where dH

=

-211.6 KJ/mole

In the condensed state the reaction of solid UF 6 with water is slow due to
the formation of uo F hydrate which covers the UF minimizing further
6
2 2
reaction with the environment. The reaction of liquid UF6 with some organic
materials might be explosive [3).
The reactivity with saturated fluorocarbons is low. UF does not react
6
with oxygen, nitrogen or dry air and it is sufficiently inert to aluminium,
copper, monel, nickel and aluminium bronze.
AII.S.

When released to the atmosphere, gaseous UF

reacts with humidity
6
to form HF and uo F • The rate constant of the reaction is high so the
2 2
reaction rate is dependent on the availability of water. The minimun1 amount
of water necessary to hydrolize e.g. 1000 kg of UF is 100 kg. At 25°C and
6
3
5humidity this amount of water represents - 6000 m
of air. It is
obvious, therefore, that in case of a large scale release of UF 6 the
hydrolysis might take a considerable time. If such a release occurs in an

open area, in which case the dispersion is going to be governed by
meteorological conditions, the plume might still have a considerable
concentration of unbydrolysed UF
metres.

6

even at a distance of several hundred
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Activity of UF
AII.6.

6

The activity of UF

is controlled by several factors including the
6
nature of the feed material, the degree and method of enrichment, the length
of time since the UF has been processed, and its impurity contents.
6

AII.7.

The specific activity of UF at various levels of enrichment is
6
given as an example in Table AII.l.

TABLE AII.l SPECIFIC ACTIVITY VALUES FOR URANIUM HEXAFLUORIDE AT VARIOUS
LEVELS OF ENRICHMENT
Mass percent 235u
present in uranium
mixture

Specific activity<a>
Bq/g (UF6)

0.45

o. 72 (natural)
1.0
1.5
5.0
10.0
20.0
35.0
50.0
90.0
93.0
95.0

104
4
1.7 X 10
4
1.9 X 10
4
2.5 X 10
4
6.7 X 10
5
1.2 X 10
5
2.5 X 10
5
5.0 X 10
5
6.2 X 10
6
1.5 X 10
6
1.8 X 10
6
2.3 X 10
1.2

X

Ci/g (UF6)
3.3

X

4.8

X

10-7
10-7

10-7
7
6.7 X 106
1.8 X 106
3.2 X 106
6.8 X 105
1.3 X 105
1.7 X 105
3.9 X 104.7 X 10-5
5.1

X

6.1

X

10-5

(a) The values of the specific activity include the activity of
uranium-234 which is concentrated during the enrichment process, and
do not include any daughter product contribution. The values are
for the material originating from natural uranium enriched by
gaseous diffusion method. If the origin of the material is not
known the specific activity should be either measured or calculated
using isotopic ratio data.
AII.8.

As UF

is produced by a chemical process its equilibrium with its
6
daughter compounds is disturbed during the process. As all uranium isotopes

have very long half lives while the daughters of uranium-238 and uranium-235
(thorium-234 and thorium-231 respectively) have short half lives, a secular
equilibrium is going to be attained after a period of approximately 150 days.
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4
After that period the specific activity is going to be e.g. 3.6 x 10 Bq/g
for enrichment of 0.45and 4.0 x 10

4

Bq/g for natural uranium. The

specific activity of highly enriched UF changes only slightly, e.g. at an
66
enrichment of 90it will be 1.55 x 10
Bq/g.
AII.9.

UF made from "virgin" uranium ore concentrates does not contain
6
any other sources of radioactivity. However, since recycled uranium is often

used for UF 6 production and the packagings might have been used to store
recycled uranium on a previous occasion, UF might contain transuranic
6
elements and fission products as a contaminant. An example of UF
6
composition is given in Table AII.2.

TABLE AII.2. ISOTOPIC COMPOSITION OF 3.2U-235 ENRICHED UF

Isotope

Specific activity
Ci/kg u

U-232
U-233
U-234
U-235
U-236
Pu-239

4.67
2.36
3.57
6.92
3.21
2.43

lQ-5
l0-7
lQ-3
X 1o-s
x lo-4
x lo-7

X
X
X

6

[4]

Isotope

Specific activity
Ci/kg U

Np-237
Ru-106
Zr-95/Nb-95
Cs-137
Tc-99
Sr-90

4.32 X lQ-7
4.22 X lQ-7
9.3 x Io-7
6.9 X lQ-8
3.16 x 1o-s
1.12 x 1o-8

Of all the above mentioned isotopes only zirconium-95, niobium-95 and
caesium-137 have any significant y-emission. All the other isotopes are
either a- or P-emitters. The surface dose rate is caused either by the
weak y-emission of uranium-235, the contribution of zirconium, niobium and
caesium or by bremstrahlung.

AII.lO.

While UF

packagings often are filled by pouring a liquid into
6
them, they are emptied by evaporation. The result is that impurities which
are not volatile tend to remain in the packaging and, unless they are removed
by cleaning, will be added to the next batch.
Fissile properties of UF
AII.11.

6

The depleted and natural UF

6

are not classified as fissile

materials, and accordingly there is no real possibility for an accidental
criticality event during transport. Enriched uranium, and thus also enriched
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UF0, is a fissile material which is capable of initiating a self-sustaining
neutron chain reaction, i.e., a critical system, under certain conditions.
However, there are no real possibilities for a critical event during transport
involving only minor amounts of enriched uranium (i.e., less than 15 g) or
uranium enriched not more than 1 .
AII.l2.

Uranium enriched more than 1is classified as fissile and should be

handled and transported according to procedures laid down in the Regulations.
For criticality accidents a certain amount of enriched uranium and suitable
moderator (e.g. water) arranged in a certain way, are necessary.
Hazards associated with a release of UF
6
AII.l3.

The hazards associated with released UF

exposure to HF and

uo2F2

are mainly due to the
6
and they are dealt with in following sections.

However, exposure to unhydrolysed UF is more dangerous than the hazard
6
involved in the combined exposure to uo F and HF. The reason for this
2 2
effect lies in the fact that exposure to UF6 will result in a hydrolysis
reaction occurring within the body. This reaction, which is highly exothermic
(see AII.4) might cause additional damage. Health effects mentioned in the
following sectionapply only to the case of adults, care should be taken in
the use of these values when applied to members of the general public.
HAZARDS OF URANYL FLUORIDE
AII.l4.

Uranyl fluoride,

uo2F2, is produced by hydrolysis of UF6 . It

is a yellow hygroscopic solid which is very soluble in water. The hazards
which are associated with
properties of
AII.lS.

uo2F2 .

uo2F2 relate to fissile, radiological and toxic

Fissile properties of

uo2F2

are comparable to UF6 from which
it is produced by hydrolysis. The most important factors are the enrichment
level of uranium and the accident conditions. How ver, in the case of
released gaseous UF it is not probable that uo2F2 will develop as a
6
critical system due to the fact that the uranium will be dissipated over large
areas. The fissile properties of UF

6

are discussed in more detail in AII.ll

and AII.l2.
AII.l6.

The radiological effect of

the inhalation of aerosols of

uo2F2

uo2F2 can take two pathways. One is

and the other is the prolonged

exposure to surfaces contaminated with it.
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AII.l7.

As

uo

F is very soluble in water and in lung fluid as well, it
2 2
should be classified as Type D [5) for which the Annual Limit for Intake (ALI)

of all the important isotopes of uranium is 5

X

4

10 Bq. According to the

basic dosimetric considerations upon which the Regulations are based, an
intake of 1 ALI within a time period of 30 minutes is considered to be the
limiting dose for radiological effects. By comparison an intake of 25 mg of
soluble uranium within the same time period is considered as the threshold of
renal damage (see para. AII.l9). Thus, by consulting Table AII.l, it can be
seen that it is equivalent to one ALI if the enrichment is approximately 80%.
It is therefore estimated (considering daughter activity} that only if the
enrichment is higher than 10-20% will the radiological consequences supersede
the toxicological effects.
AII.l8.

As

uo2F2

is a heavy compound (density approx. 6.4 g/cm3 ) it

has the tendency to settle down and deposit on the ground. There are no
internationally accepted values for uranium contamination levels for
2
2
-5
uncontrolled residence. However the value of 0.3 Bq/cm (10 tJCi/cm )
is accepted in many countries [6] for unlimited occupancy of uncontrolled
2

areas. This is equivalent to ground concentration of approx. 0.1 g/m for
3
natural uranium and to 0.003 g/m for 50% enriched uranium.

lETHAl

650
390

L----------------------------------L30
60

0

EXPOSURE TIME (UINUTESI

FIGURE AII.lO

TOXICITY OF ACUTE EXPOSURES TO SOLUBLE URANIUM [7,81
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AII.l9.

The toxicological effects of soluble uranium compounds are

discussed, e.g., by Just et al [7,8]. Their findings are summarized in Fig.
AII.lO. In order to get the amounts of material inhaled one has to multiply
the integrated dose by the breathing rate (0.02 m3/min). For example, the
Renal Injury Level for exposures shorter or equal to 30 minutes is 1250 x 0.02
= 25 mg.

HAZARDS OF HYDROGEN FLUORIDE
All.20.

Hydrogen fluoride is a colourless fuming corrosive liquid which

boils at 20°C. It is one of the strongest corrosive agents known, and it is
considered to be the most destructive inorganic agent known to human tissues.
A distinction is made between anhydrous hydrogen fluoride (UN Number 1052} and
hydrated hydrofluoric acid (UN Number 1790} which is the solution of hydrogen
fluoride in water and which is less dangerous.
AII.21.

The toxicology of hydrogen fluoride is discussed, e.g. by Just

[7,8). The findings are summarized in Fig. AII.ll and Table AII.3.
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TABLE AII.3.

SUMMARY OF ESTIMATES OF HYDROGEN FLUORIDE TOXICITY

Source

Effect

Concentration
(rng-HF/rn3)

Thresholi of detection
by smell

Exposure
Time (min.)

0.02 to 1

National Institute for
Occupational Safety
and Health (NIOSH)

Short-Term Exposure
Limit (STEL)

5

NIOSH

Threshold Limit Value
(TLV)

2.5

480

Occupational Safety &
Health Administration
(OSHA)

Permissible Exposure
L irni t (PEL)

2

480

National Research
Council

Emergency Exposure
Limit

13.3

10

NIOSH/OSHA

Immediately Dangerous
to Life or Health (IDLH)

13.3

30

15

POTENTIAL CONSEQUENCES OF ACCIDENTS
AII.22.

The chemical hazard may dominate the consequences of transport

accidents involving depleted, natural and low enriched UF . However the
6
radiological and especially criticality hazards may become more important in
accidents of high enriched UF 6.
AII.23.

A criticality accident, which is possible in the transport of

enriched uranium (see AII.12) unless adequate safety requirements are
followed, could result in an imntediate large power pulse or power pulses and
concurrently a large pulsed increase of radiation levels in the vicinity of
the package. Increased radiation levels could be significant up to some
hundred metres away from the package and there would also be a residual
radiation increase in the vicinity of the package. Specific consequences of
criticality accidents depend on the uranium enrichment level and on accident
conditions.
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AI1.24.

Transport accidents in which

content release. The amount of

ur6

ur6

is involved may be followed by

released and release rate depends upon

the size of the opening in the package, the availability of heat and emergency
measures taken.
AI I. 25.

As long as fire is not involved, a break of the receptacle's valve

seems to be the most probable mechanical consequence of a road accident. If
such a break occurs the material will escape slowly by sublimation. The rate
of release depends strongly on the ambient temperature. In those cases
involving small openings the

uo2r2

formed by the hydrolysis of UF will
6

deposit on the opened hole and might eventually clog it. Proper intervention
by properly trained and equipped personnel can overcome such an accident by
using mechanical plugging devices or taking some similar action. If, however,
untrained people try to cope with such an accident they might aggravate the
consequences of the situation. Most shippers of

ur 6 have

issued detailed

instruction for such emergencies {e.g., Reference 9).
AII. 26.

The consequences of a minor accident such as the one described in

AII.25 cannot be significant. The total amount of UF

6

released is expected

to be smaller than 50 kg and unless the uranium is highly enriched, no serious
hazards are expected at distances exceeding 100 m.
AI I.27.

Transport accidents involving serious fire are considered as having

the potential for serious effects. Such accidents may give rise to the
release of large quantities of UF

6

8000 kg over a period of 30-60 min.

- in the case of Type 48 packages some
Such a release cannot be controlled or

arrested. The consequences of a massive UF

6

release may result in dangerous

concentrations of both uranium and HF at distances of 0.5-1 km and might also
cause area contamination of several square kilometres. A fuller discussion of
such an accident, on a hypothetical basis, is given in Reference 10.

In that

document some emergency procedures are recommended.
Ali.28.

Special consideration should be given to possible accidents

involving sea transport of UF 6. In this special case the sinking of a ship
followed by breech of a valve might cause water and organic material, e.g.
fuel oil to leak into the package. A scenario involving water leakage with
consequent hydrolysis of UF

and pressure build up has been studied [11]
6
with the conclusion that any water inleakage will not result in an explosive
reaction. The findings of the work done can be summarized as follows:
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1.

Accidents which result in UF

6

package openings up to 2.5 em diameter in

aceas of UF deposition are unlikely to create a hazardous condition
6

either in air or water. The HF formed by chemical action of water and
UF6 will react with the metal of the receptacle's valve or wall and
produce compounds which, in conjunction with the monohydrated

uo F ,

will cause the opening to plug and prevent further water entry.
2.

2 2

Jarring of the packaging may cause some dislodging of portions of the
plug, but new, insoluble material is immediately formed.

3.

Action of water currents, as in a brook or river, is unlikely to dislodge
the plug.

4.

Water entry into packages which are at atmospheric pressure prior to
immersion as a result of valve leakage or valve damage will be negligible
for small openings. Plug formation will occur in the valve or the
packaging neck zone.

5.

Water entry into the void area of a damaged package at vacuum pressure
could occur in sizable quantity unless the leak is very small and at a
location where plugging could readily occur, such as a valve leak. This
assumes no UF deposit on walls or valves.
6

6.

Laboratory tests with UF

in glass containers provide data which are
6
not applicable to the metal containers of UF .
6

Additional tests and studies are required to fully understand the impact of an
accident involving the sinking of a ship.
AIL 29.

Special consideration should be given to accidents involving fire on

board a ship. Fires on ships are known to have long duration and high
temperatures that might result in releases with consequent serious exposures
to the ship's crew.
AII.30.

No assessment is known to have been made concerning the risk

involved in air transport of UF 6.
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APPENDIX III
OVERVIEW OF ACCIDENTS INVOLVING UF

6

The sections following are the sununaries of the principal reported UF
transport accidents {Section I) and UF

6

I.

TRANSPORT ACCIDENTS

A.

Rail Accidents

1.

Packages without outer packagings

6
operational accidents (Section II).

{a) Monroe, NC, USA; April 1971 [PATRAM 71]
Two packages, one 30A and one 48Y, containing natural UF

were chained
6
to a motor trailer riding on a rail flat car. The tie-downs failed allowing
the packages to fall beside the train. A railcar hit the 48Y package and
there was a major derailment. The 30A package was undamaged while the 48Y
package received some dents and scratches. The valve was bent. A minor UF
release occurred; however, the small opening was self-sealed due to the
presence of

6

uo 2F2

The loss of UF
6

which results from the reaction of UF with water.
6
was not measurable.

(b) Rockingham, NC, USA; March 1977 [PATRAM 78]
Four 48Y packages containing natural UF were each on an open top
6
freight container on a motor trailer. Two trailers were on each of two rail
flat cars. The two flat cars were among twenty-nine of a one hundred and two
rail cars that derailed. One package was adjacent to a burning rail car. A
flat car rolled over one package. There was no release of UF . Damage to
6
the packages consisted of dents and scratches.
2.

Composite packages
Ashausen, FRG; November 1970 [PATRAM 74]

Two 30B packages containing slightly enriched UF (2.55U-235) were
6
involved in a derailment in which all wagons of an eleven-wagon train
derailed. The train was travelling at a velocity of 100 km/h.
were not damaged, and no UF

6

The packages

was released. The outer packaging received
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some damage; however, their ability to withstand the thermal test requirements
of the Type B series was not compromised.
B.

Sea Accident

1.

Mont Louis Cargo Ship; August 1984, [PATRAM 86 and IAEA Bulletin, Vol.
27, No. 1, Spring 1985]
A car ferry with 800 passengers aboard rammed the rear starboard side of

the cargo ship Mont Louis. The collision occurred in international waters in
the English Channel at a point 18 kilometres north of Ostend, Belgium. The
Mont Louis sank to a depth of 15 metres. Half the ship's hull lay uncovered
at low tide.
The Mont Louis, which was a roll-on/roll-off (ro/ro) container ship with
a dead weight capacity of 5000 tonnes, had just left port with a cargo of
equipment and 360 tonnes of UF . (The cargo included 30 48Y packages, each
6
filled with 12 tonnes of UF , and 22 empty 30B packagings.) The table below
6
details the nature of the UF .
6
Lot

Number of packages

1

9

2

18

3

3

U-235 content

Tonnes U contained

0.71

69 t

7,..

142 t

0. 6

0.88

25 t

Some valve damage occurred; however, only one valve leaked sufficiently
to permit water entry (about 50 1) into a 48Y package. During the recovery
operations, no radiological or chemical contamination of sea water was
detected by analyses. No personnel injuries occurred.

c.

Motor Carrier Accident
Ontario, Canada; January 1978 (letter of 8 February 1978 from Atomic
Energy Control Board, Canada], example
Two tractor-trailers, both carrying 48Y packages each of which contained

12 tonnes of natural UF were involved in a five vehicle accident near
6
Morrisburg, Ontario. There was no release of UF although one package did
6
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separate from the t aile . Some minor physical damage to the packages
occurred. Neither of the two drivers was injured.

II. OPERATIONAL ACCIDENTS
A.

Paducah, KY, USA; 1960 [CSNI Report No. 33. page 399]
A 48 type package containing 9.5 tonnes of UF

at the Paducah gaseous
6
diffusion plant was accidentally overfilled. When heated in a steam chest,
the package ruptured hydrostatically and released its contents. There w&s
uranium contamination which required clean-up. There was no injury to
personnel.
B.

Pierrelatte, France; July 1977 [CSNI Report No. 33, page 423]
A 48Y package containing liquid UF

with the valve at the 6 o'clock
6
position accidentally had its valve ruptured at the threads. Approximately
80of the contents was released before a wooden peg was

inserted in the

opening. There was uranium contamination which required clean-up. There was
no injury to personnel.
C.

Portsmouth, OH, USA; March 1978 [OR0-757]
A 48H package containing 12.5 tonnes of natural UF

in the liquid phase
6
was dropped from an in-plant straddle carrier. A hole was punched in the
package beneath the liquid level. Essentially all the UF

was released.
6
The accident occurred while wet snow was falling which provided sufficient
into uo F and HF. There was uranium
2 2
6
contamination which required clean-up. There was no injury to personnel.

water to hydrolyse totally the UF

D.

Gore, OK, USA; January 1986 [NUREG-1179, NUREG-1189]

A 48Y package of natural UF , which had been accidentally overfilled,
6
ruptured hydrostatically while being heated in a steam chest in violation of
plant operating procedures. A plant operator who was trapped in an adjacent
building was fatally injured after exposure to very high concent ations of
HF. Clean-up of uranium was required.
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GLOSSARY
Clean receptacle -

A receptacle that has been decontaminated to remove
residual quantities of uranium and other
contaminants or a new receptacle that has been
cleaned to remove fabrication debris.

Competent authority -

Any national authority designated or otherwise
recognized as such for any purpose in connection
with these Recommendations.

Composite package -

A composite packaging and its radioactive contents
as presented for transport.

Composite packaging -

A packaging consisting of an outer packaging and an
inner receptacle so constructed that the inner
receptacle and the outer packaging form an integral
packaging.

Empty receptacle -

A receptacle containing heels in quantities less
than those specified in Reference 4 (para. 8.1.2).

Heel -

Residual amount of material which remains in a
receptacle after routine evacuation procedures.
This residual material may consist of UF and/or
6
non-volatile uranium compounds, uranium daughters,
transuranics and fission products.

Outer packaging -

The outer structure of a composite packaging with
any absorbent materials, cushioning and reinforcing,
fastening, protective or stabilizing members and any
other components necessary to contain and protect
the inner receptacle during transport. The outer
packaging may be removed from the inner receptacle
for filling, storage and emptying of the inner
receptacle.
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Package -

Packaging -

Receptacle -

Service equipment Structural equipment -
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The packaging with its
radioactive contents
as presented for
transport.

Package and packaging performance standards, in terms of rete

Type B(U), etc.).
The assembly of
components necessary
to enclose the
radioactive contents
completely.

It may, in particular, consist of one or more recepta

tiedown capability, and
for thermal
insulation.
A

The packaging may be a box, drum, or simil

containment

vessel

for

receiving

and

holding
substances

or

articles,
including
means

any
of

closing.
Filling and discharging
equipment of a
receptacle.
Reinforcing,
fastening, protective
or stabilizing
devices attached on
the outside of or
assembled with the
packaging.
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