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ABSTRACT INTRODUCTION 

UF, is currently transported in packagings which were developed 
in the six lies — standardized and used all over the world. 

In the absence of significant releases during the great number of 
shipments carried out until now by all modes of transport, <ven 
after acvMents, we rr ust recognize that these packagings perform 
their duty adequately. 

Nevertheless, * : must be aware that the growing amounts of UF, 
issued from URT and the changes in the regulations now raises the 
problem of compliance of these packagings with die Utter. 

Among the problems which deserve special attention, the follow
ing are particularly noteworthy: 

• selection of the packaging type (Industrial, A or B type; fissile 
or non fissile) in terms of the origin and the enrichment of the 

• design of valve covers (mechanical protection, leakage barrier, 

criticaliry control), 

• assessment of material behaviour at Vow temperatures, 

• regulatory requirements in handling, tying down cleaning and 
unloading, 

• allowable dose rate increase in case of minor mishaps, 

• behaviour in fire, taking iiUu account the toxicity ol UF,. 

• identification of "special features" required in the case of 
"controlled moderation" of fissile packages, 

• transport conditions of "empty" packagings containing "heels". 
(LSA or not. allowance of transport without protective 
packaging»). 

It seems that most of these points are purely formal and will be 
easily solved by amendements to the regulations while others are 
specific to the nature of UF,. 

It seems also that the desirable modifications to the 'listing 
transport packagings are relatively minor, a consensus being nec
essary on the working conditions. 

The operation of the LWR reactors m service in the Western 
Countries necessitates the annual transport of thousands of 48Y 
cylinders (each containing approximately 12.5 t of natural or 
slightly enriched UF,) and 30B cylinders in their protective 
packaging (each containing approximately 2.25 t of tew enriched 
UF.). 

Apart from a few accidents and incidents which were minor in 
terms of their consequences (but which focussed the mention of the 
public and the authorities on the safety problems involved in the 
transport of UF,), the movement of these cylinders did not cause 
significant pollution until now and therefore the nuclear industry 
has not feh the need to make any changes to the routines established 
throughout the world and laid down in ANSI-N14-1-1982 [1]. 

However, the recommendations concerning the transport of UF, 
(TECDOC-423) [2] published in June 1987 by the IAEA 
recognized that this standard is not in tctal conformity with the 
IAEA-85 regulations [3] or the UNO recommendations for the 
transport of dangerous goods [4], as result of changes in these two 
documents (see Table 1). 

In view of the unavoidable nature of the transport of UF, for 
supplying nuclear power plants with fuel and the frequencies and 
tonnages involved, we felt that it was important to methodically 
identify the differences to which [2] alludes and to propose reme
dial measures relating v> the design of the packagings and the 
conditions of their use, and even to the regulations themselves if 
differences are found which do not affect the safety principles on 
which they art based. 

ID this paper, we review the results of this analysis, which we have 
limited to the case of transport using cylinders of 48Y and 3OB 



Table 1 - Key dites concerning 48Y tnd 30B cylinders and the 
regulations and codes applicable to them 

Year 
Commis
sioning 

ORO 

651 

Before j 
1966 j 
1966 
1967 
1968 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 

4*Y 

21 PF.l» 
30B 

X 
X 
X 

ANSI-

N14-1 

IAEA 

S.S.6 

X 

X 

X i 

UNO ST/ 
SG/AC 

10-1 

(X) 

X 
X 

X 
(X) 

Similarly, Table 2 shows thai, for 30B cylindeT equipped with 
their protective packagings allowance must at least be made for the 
type IP-2 requirements (or type IP-3 if freedom from the "exclusive 
use" constraint is desired), in addition to those for 'Tissile*' 
packagings. 

It must be pointed out that, strictly speaking V. • do not need to be 
of type "A" or of type "B" provided they are - ' lemaucally checked 
and clear.-d internally, as explained hereafter. 

Finally, in view of the corrosive and toxic nature of the UF, and the 
volumes of the 48Y and 30B cylinders, they should also be 
approved as "tank containers" and meet the requirements laid down 
for the latter in [4]. 

Table 2 - Types of packagings required under IAEA regulations 
foT the transport of industrial quantities of UF,noi more 
than 5% enriched 

* Publication of Safety Report K-1686 

TYPES OF PACKAGINGS REQUIRED UNDER IAEA 
REGULATIONS AND UNO RECOMMENDATIONS FOR 
THE USUAL CONTENTS OF 4»Y AND JOB CYLINDERS 

As shown in Table 2, the 48Y cylinders, being normally used for 
the transport of natural UF, (LSA-1 material), might merely meet 
the type DM requirements if, as generally accepted, UF, may be 
considered to be • solid. However this requires careful 
consideration as it is not the case in the transport of emptied 
cylinders in which more than 80% of the product is in gaseous form 
at the design temperature (38*C). The content is then an LSA-D 
mitent! tnd allowance must be made for the type IF-3 if û i» wuhed 
to avoid "exclusive use" constraints for the return of "empty" 
packagings. On the other hand, if it is accepted that all movements 
of 48Y packagings are under "exclusive use" conditions, the type 
IP-2 requirements suffice even for movements of slightly enriched 
UF,, provided the degree of enrichment is less than 1%, as is at 
times the case for URT, 

It must immediately be staled, as will be explained m detail later on. 
that the 48Y cylinder in all likelihood belongs to type IP-2 but not 
obviously to type IP-3, and that consequently the only problem 
with regard to [3] relates to their transport procedures when 
"emptied". 

Enrichment 

of 

Cylinders 
regularly checked 

and cleaned 

UF. 

13**072 

aT2<U5*Sl 

1<U5»S5 

Transport 
"full" 

uM 

IP-2 

Transport 
"empty" 

IP-2 fistk 

IP-2 (ad. tat) 
IP-3 (oco exd. 

ate) 

IP-2 (ad. OK) 
IP 3 (nan ad. 

IP-2 finie 
(oui at<) 
IP 3 fiauk 

(ncs eut OK) 

Cylinders 
liable to 

accumulate 
residue 

of 
low 

volatility 

A fisafc 

PROTECTION OF THE VALVE OF 48Y CYLINDERS 

The present valve cover is unnecessarily protruding, and this 
should be avoided for conformity with [3]. In addition, not only is 
their correct mstaHebon difficult to chaek but *» no» knew the risk 
of damaging the valve during makeshift handling operations for 
remote recovery of cylinders (wreck of the Mont Louis). 

Finally, tests showed that they do not guarantee leakughtness of the 
valve in the case of a full cylinder falling 06 m onto a rigid surface 
as provided in |fS3.7 and 6.2.2 of [3]. 

A large number of solutions to these problems have been proposed 
and all have their advantages and disadvantages Certain are 
extremely simple and inexpensive. But if n is d»rred for the 48Y 
cylinder to be considered to be of the IP 3 type and thus usable for 
"emptied" return transport and not necessarily sn "exclusive use". 
it is necessary for the cover to also constitute an "enclosure capable 



of retaining any leakage from the valve", which is not currently the 
case. 

For instance, the cover and its attachment to the cylinder could be 
of the type schematically shown in Figure 1. 

Figure 1 - Er ample of installation of a leaktight valve cover on a 
30B cylinder 

In this example, the cover is provided with a flange equipped *rh 
a gasket (preferably double) tightened by screws to a backflangc 
welded to die body of die cylinder. 

Such a modification of the existing cylinden could be carried out 
on the occasion of their periodic inspection by the authorized 
inspector as it is compatible, without post-weld heal treatment 
(PWHT), with the requirement» of ASME-Section Vm [5]. 

This would compensate for the unsophisticated nature of the valve 
(which is much appreciated), or incorrect use of it, by constituting 
a reliable Bid essfly verifiable barrier capable of containing ai.y 
leakage at the valve and providing the valve with effective protec
tion against impact 

PROTECTION OF 30B CYLINDER VALVES 

A distinction must be drawn between the case of "fin" end 
"emptied" cylinden: "emptied" cylinden, which can con-tm u 
much as 1135 kg of 5 * enriched UF,. can be transported without 
protective packaging, as provided under JJ8.1 and 8.2 of [1]. 

Nevertheless, it u clear that the valve cover is not designed to 
contain any leaks from the valve and, in addition, that its ability to 
protect the valve in the event of a 12 m drop onto a hard surf ace or 

the impact of i 6 kg bar falling from a height of 1 m remains to be 
demoTuvraied in the case of a bare 30B cylinder. 

It is for ids reason thaf a cover of the type already proposed for the 
48Y cylinders would be desirable to enable the cylinder to meet the 
regulator, requirements applicable to IP-2 and IP-3 packagings. 

The 30B ylinders containing more than 1135 kg of UF§must be 
tnnspon&J inside a protective packaging su.h as the 21 PF.l type. 
This assembly constitutes a "Fissile" package of which the nuclear 
safety and the approval are based on the "controlled moderation" 
principle. 

Indeed, the authorized content of the package is limited to 2.279 kg 
of 5% enr ched UF,. whereas the minimum volume of a 30B 
cylinder is ""io litres. 

As the denary of UF, is close to 5.1 g/cc at 209C, within a 30B 
cylinder containing the maximum authorized load there will 
remain avoid (plenum) of which the volume at 20'C will be at least: 

2279 736 - 4£p. = 289 litres 

Should wti.T enter this plenum, it will react with the UF, in the 
following r.anner 

UF, * 2HJ3 -•» UOjF, + 4FH 

At 2G'C, UOjF, and FH are respectively a solid and a liquid, both 
bt;ng tcluble in water. 

Consequently, if a 30B cylinder with a leak is immersed in water 
ai t dt-pOt of IS m as provided in [3], its internal moderation is only 
Urritfd Vy the quantity of hydrogen in the water liable to occupy the 
vohiiiie of the plenum, i.e. 

289 x y j - 3 2 k g 

This '„ considerably more than it is necessary to attain the critical 
suue which for a homogeneous solution of a salt of 5% enriched 
u/uii or. corresponds to masses of uranium and hydrogen respec-
ove'v close to 45 kg and 4.8 kg. 

For it>ch a "fissile" package of which the nuclear safety is not 
giî ranieed in the event of ingress of water (or loss of the content), 
i'j-iz of [3] also imposes, in addition to general requirements ap
plicable in the design and utilization of all "fissile" packages, 
"rptc:al features" identified and recognized by the ctunnrtmt 
authority responsible for approving the concept u preventing any 
'ejil:aAe, even resulting from human error. (3] also requires that 
these "special features" be specified in the approval certificate, 
clearly to draw the attention of the other competent authorities to 
ths particularity, subject to validation-

A/ (3J notably considers that "multiple high standard water barn-
en" '.igeiher with reliable leak tests permit compliance with this 
"rpet »l features" requirement, the present packaging (30B cylin
der + i l PF.l protective packaging) could be equipped for instance 
with a vaKe cover of the type shown in Figure 1 



FIRE RESISTANCE 

[2] raises the question of the Tire resistance of packages containing 
UF, as requested by UNO recommendations [4] for '"lank con
tainers". 

We conside. thai this question does not involve any majjr difficult 
ties as it is likely thai the designs of the 48Y and 30E cylinder» *tt 
acceptable in view of the conditions (30 minute fire at 650"C) and 
the criteria (allowable leakage at valve) specific to these recom
mendations. 

Concerning this subject, we note thai: 

• "Emptied" 48Y and 30B cylinders are not liable to explode in 
view of the limitation of their authorized content which corre
sponds to extremely low pressures at 650*C and which, even if 
no allowance is made for leakage at the valve, would, ?\ exceed 
1.2 bar for the 48Y cylinder and 3.3 bar for the 30B cylinder 

• Neither are "full" 48Y cylinders liable to explode due to their 
thermal inertia and to the volume of their plenum, as made clear 
in other papers presented at this conference. 

The problem is limited to the case of partly filled cylinders for 
which there is a risk of rupture under the effect of the pressure 
attained by gaseous UF,. There is a need to specify the allowable 
Tilling ranges, which should be indicated in the utilization 
procedures and other reference documents such as [1] and [2]. 
Provided such limits are met, the 48Y cylinder itself would not 
require modification to guarantee its fire resistance. 

HANDLING, STABILIZING AND TIE-DOWN FITTINGS 

| 5 . 0 3 of [3] requires that the design of the packaginp makes it safe 
and easy to handle them and tie them down. In addition, [4] requires 
stabilizing members designed, together with the be-down fittings, 
to resist an acceleration of an intensity of ((2)» + (2P+ (1)*J * * 3C 
(without exceeding 2/3 of the yield strength). 

We observe thai these stabilizing members are absent from the 48Y 
cylinders which do not even always have means allowing their 
handling when fastened to a transport chassis. 

To remedy these shortcomings, it would be sufficient to ensure 
universal use of approved transport frame» and io provide the 
cylinder handling rugs with additional eyes for tying them down to 
these frames. 

The unit could then fully comply with the requirements set forth m 
[4] for "tank containers" (see Figure 2). 

The 30B cylinder does no*, have a base either when it is shipped bare 
and, as in addition it dees not have tie-down fittings and as its 
handling method is not obvious, the question is raised as to whether 
the use of protective packaging should not be extended to empty 
30B cylinders as well. Furthermore, the conformity of the handling 
and tie-down tattings of the protective packagings with regard to 14] 
should be checked. 

Figure 2 - Handling lug modified to allow handling of 48Y 
cylinders fastened to their transport frame 

PROBLEMS RELATING TO THE ACTIVITY 
CONTAINED IN THE CYLINDERS 

Up to 5% enrichment. UF, is considered to be an LSA material as 
the activity Umit A, attributed to the uranium up to this degree of 
enrichment is infinite and the definition of "non irradiated urs 
ruum" given by (3] makes it possible to ignore any radioactive 
impurities contained in commercial UF, below limits which actu
ally go beyond those specified by the industry for UF, issued from 
URT as well as UN AT. 

However, as cylinders are often not completely emptied after un
loading, it is possible that there may be a build-up mside them of 
compounds of low volatility of which the activity depends on the 
origin and degree of purification of the \Jf%. as well as the time for 
which it has remained in the cylinders since their last cleaning As 
s matter of fact dotes in excess of 2 mSv (200 mUti) hive been 
recorded in contact with 48Y flinders "emptied" of their URT 
content. In this case, the residual content of the containers is 
obviously not a chemical compound of "non irradiated uranium". 
and, as the nuuenal is no longer LSA, its transport would necessi
tate at least a "type A" packaging It is thus clear thai to determine 
which type of package should be adopted, it would be necessary to 
know the maximum quantifier of impurities liable to be found in 



"emptied" cylinders. In reality, if we assume that the cylinder» 
already satisfy the requirement concerning IP-3 packagings, they 
may be considered to be "type A" if the materials of which they are 
made perform their functions ax -40°C, the only requirements 
which practically differentiates these two types of packagings. As 
concerns the 48Y and 30B cylinders, we can consider that this re
quirement is met as they are made of ferribc steel sheet of which the 
thickness (<5/S of an inch), the grade (SA516 gnde 55, 60 or 65). 
the steel making practice (fine grain practice) and the heat treat
ment (normalized) guarantee an ample margin of safety with regard 
to the risk of brittle fracture, if reference is made to J5.2J3 of rec
ommendations NUREGCR 1815 [6]. 

As mentioned earlier, the low volatile impurities in the UF, accu
mulating on the inside surfaces of "emptied" cylinders create a 
radiological problem which can only be solved by imposing 
frequent dose rate checks and thorough cleaning, as a function of 
criteria which remain to be determined. The last consequence of 
these radioactive deposits results from the requirement in [3] of not 
risking an increase of more thiii 20% of the dose rate m contact «nth 
"type A" (or IP-3) packages after testa representauve of normal 
transport conditions (free fall of limited height, compression and 
bar penetration). If we accept the presence of radioactive deposits 
on the inner wall of 30B cylinders, it would be necessary to 
transport them in a far more rigid protective packaging than the type 
21 PF.l if this requirement is to be met. Cleaning of the cylinder* 
cannot suffice to solve this somewhat formal problem, which m our 
opinion calls for revision of (3). 

Finally, further to this exercise in analysis concerning the confor
mity of the 48Y and 30B cylinders with the regulations, it would be 
desirable to recommend to the IAEA to reexamine their recom
mendations as specifically concerns: 

• certains definitions (non-compressed gas and non-irradiated 
uranium), 

• the conditions to be fulfilled to satisfy the controlleo moderation 
principle, 

• the requirements concerning handling and tying down (is the 
absence of specific attachments acceptable?), 

• the 20% increase of the dose rate in contact with packages after 
"type A" tests. 

In view of the importance and urgency of these modifications to the 
regulations and of their possible effect on the crampon of other 
radioactive materials, it would no doubt be better to apply specific 
packaging rules ID UF,. These should, insofar as possible, be 
intended to perpetuate the use of the 48Y and 30B packagings 
without making concessions with regard to safety principles (risks 
of release, controlled moderation, handling and tying down) as 
generally applicable to the transport of dangerous goods and, more 
specifically, radioactive and corrosive materials. 
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