
 
 
 
 
   AECL-CONF 1370 
  2003 ASME Pressure Vessels and Piping Conference 
  Cleveland, Ohio, USA, July 20-24, 2003 

03/11/2003 1

 
 

A Review of a Radioactive Material Shipping Container including Design, Testing, Upgrading 
Compliance Program and Shipping Logistics 

 
 

Andrew Celovsky, Randy Lesco, Brian Gale and  
Jeffrey Sypes 

AECL – Chalk River Laboratories 
Chalk River, Ontario, K0J 1P0, Canada 

1-613-584-8811 Ext. 3366 Fax: 1-613-584-8214 
e-mail: celovskya@aecl.ca 

 
 
 
ABSTRACT 
Ten years ago Atomic Energy of Canada developed a Type B(U)-85 
shipping container for the global transport of highly radioactive 
materials.  This paper reviews the development of the container, 
including a summary of the design requirements, a review of the 
selected materials and key design elements, and the results of the 
major qualification tests (drop testing, fire test, leak tightness testing, 
and shielding integrity tests).  As a result of the testing, improvements 
to the structural, thermal and containment design were made.  Such 
improvements, and reasons thereof, are noted.  Also provided is a 
summary of the additional analysis work required to upgrade the 
package from a Type B(U) to a Type B(F), i.e. essentially upgrading 
the container to include fissile radioisotopes to the authorized 
radioactive contents list. 
 
Having a certified shipping container is only one aspect governing the 
global shipments of radioactive material.  By necessity the shipment 
of radioactive material is a highly regulated environment.  This paper 
also explores the experiences with other key aspects of radioactive 
shipments, including the service procedures used to maintain the 
container certification, the associated compliance program for 
radioactive material shipments, and the shipping logistics involved in 
the transport. 
  
INTRODUCTION 
In the early 1990’s AECL faced the replacement of one of its main 
radioactive material shipping casks.  The reasons for this replacement 
were a result of tightening nuclear regulations and the associated 
difficultly in demonstrating that the existing cask was in compliance 
with these tighter regulations.  The original cask was designed, tested 
and licensed by AECL in the early 1970’s.  Both AECL and Ontario 
Hydro owned one cask each known as the Interproject cask and 
NOD-F1 cask, respectively.  These casks had served AECL and 
Ontario Hydro well over the years, however the cask lacked pedigree 
both in terms of manufacturing quality assurance and full-scale proof 
testing against accident scenarios.  By the 1990’s, tightening 
regulations on the commercial nuclear power industry made it clear 
that the life of the Interproject/NOD-F1 flask was coming to an end.  
At the same time, AECL was expending its service work on CANDU 
reactors into the global marketplace, requiring AECL to transport 
highly radioactive reactor components back to its testing facilities at 
Chalk River, Canada.  This expanding role for AECL further 

necessitated a cask that could be utilized around the globe, something 
that the existing cask would be hard pressed to accomplish. 
  
A Type B radioactive material shipping cask was successfully 
designed and deployed.  The cask, called the Irradiated Material 
Transport (IMT) package, has been in service since 1993.  A second 
identical unit entered service in 1998. The two units have accounted 
for ~65 radioactive material shipments.  Each unit weighs 
approximately 5550 kg, and three optional internal configurations 
provide various payload cavity sizes (Figure 1). 
 
DESIGN REQUIREMENTS 
 AECL’s need for a new cask covered everything from small, 
irradiated, metal test specimens from its R&D programs through full-
scale reactor components and spent fuel (Table 1).  These diverse 
shipping requirements also spanned a large range of radionuclide 
inventories from 10’s of curies to 54,000 curies.  In addition, a critical 
requirement included the need to move the cask internationally, 
essentially necessitating road, air and sea modes of transit.  Finally, 
for economic reasons, it was desired that a single cask design be 
developed that could accommodate all the shipping needs.  
 
The anticipated use of the cask at numerous facilities around globe 
required the package to have a flexible means for loading/unloading 
that various users could easily adopt.  This included 
unloading/loading either dry within shielded facilities or underwater 
in storage pools.   As a major user of the cask, AECL required direct 
loading/unloading provisions with its existing shielded (hot cell) 
facilities.  
 
Industry experience, also experienced by AECL with the older 
generation Interproject/NOD-F1 cask, indicated that low level 
weeping of external surface contamination was a problem to be 
avoided.  This necessitated smooth external surfaces that are easy to 
decontaminate. 
 
 The major design requirements are summarized in Table 2.   
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Table 1:  Various Payload Contents for New Cask  
PAYLOAD 
CONTENTS 

OUTER 
DIA, 
mm 

LENGTH, 
mm 

TYPICAL 
INVENTORY 

Zr-2.5Nb Pressure 
Tube Sections 

113 Variable* <1,000 Ci 

Zr-2 Calandria Tube 
Sections 

132 Variable* <1,000 Ci 

Annulus gap spacers, 
Inconel or Zr-Nb-Cu 

129 <10 mm <1,000 Ci 

Irradiated test 
specimens (Zr-2.5Nb, 
Zr-2, Inconel, Hf) 
 

Variable 
(<40) 

Variable 
(<<100) 

<<500 Ci 

Standard CANDU 
Fuel Bundle 
(Irradiated Natural U 
used as fuel in 
CANDU reactors) 

102 495 <54,000 Ci, & 
160 W of 
decay heat 

Enriched Uranium 
and Mixed Oxide 
Fuel Bundle 

102 495 <54,000 Ci, & 
160 W of 
decay heat 

* Could be cut to the length of the cask cavity 
 
Table 2: Major Design Requirements 

REQUIRED MODES OF 
TRAVEL 

Road, Air, and Sea 
(Rail was also included) 

ANTICIPATED AREAS 
OF USE 

North America, South 
America, Europe, & Asia 

GOVERNING DESIGN 
RULES 

IAEA Safety Series No 6, 
1985, “Regulations for the 
Safe Transport of Radioactive 
Materials” 

LOADING/UNLOADING Flexible and simple 
Adaptable to numerous sites 
Fast and direct into AECL’s 
hot cells 

EXTERNAL SURFACES Easy to clean and 
decontaminate 

 
 The design rules for a radioactive shipping cask are generally 
covered by IAEA rules and regulations, and are adopted by the 
member countries.  Compliance with these rules and regulations 
should provide acceptance of the cask within Canada and in other 
member countries.  The cask design also required approval from 
Canadian nuclear regulatory authority, the Canadian Nuclear 
Regulatory Commission. 
 
A review of the payload contents (Table 1) indicated that the largest 
diameter component was a calandria tube while the longest 
component length was a fuel bundle.  This established the basic 
payload cavity size as: “The diameter of a calandria tube by the length 
of a fuel bundle,” or approximately 140 mm x 660 mm once 
clearances are accounted for.  Next, sufficient shielding was provided 
to accommodate the highest radionuclide inventory required, as 
defined by a spent fuel bundle.  However, basing the shielding 
requirements on a 54,000 curie fuel bundle resulted in excessive 

shielding for most other requirements, which would typically be much 
less than a 1,000 Curies.  By realizing that shielding material could be 
separated from the structural integrity and containment aspects of the 
cask, it became possible to adjust the amount of shielding depending 
on the desired payload.  Essentially, as the radionuclide inventory 
decreased, removal of shielding could increase the cask payload 
cavity. This was achieved in the following manner; the cask was 
designed around a main structural component comprising a single 
monolithic forging 760 mm in diameter by 1370 mm long, with a 320 
mm diameter cavity (Figure 2).  The main forging rests within a 
shipping frame during transit or storage.   
 
Then the different shielding inserts, all with an external diameter of 
320 mm but with different amount of shielding were developed 
(Figure 3).  The first insert provided the equivalent 54 mm of lead 
shielding in the radial direction and a 152 mm square cavity to match 
AECL’s hot cell ports.  This is in addition to the 220 mm of steel 
shielding provided by the main body of the cask.  Within this square 
cavity of this insert, a removable drawer on roller wheels was used.  
The drawer design was adapted from the Interproject/NOD-F1 cask 
and the drawer, in a horizontal configuration, could roll out of the 
cask into the cell hot, and vice versa.  The drawer itself could either 
cradle a fuel bundle or could accommodate various containers of 
irradiated specimens.  Furthermore, the front end of the drawer was 
removable allowing the drawer configuration to be loaded vertically 
in a water pool, and then unloaded horizontally directly into AECL’s 
hot cells.  The payload cavity of the drawer is 140 mm square by 660 
mm long (Figure 4). 
 
The second insert is similar to the first insert except it provides a 
cylindrical cavity size approximately 180 mm in diameter and 810 
mm long, with approximately 57 mm of lead shielding in the radial 
direction.  As this second insert does not utilize a removable drawer, 
it cannot be load/unloaded directly with AECL’s hot cells, but only at 
a water pool.  In additional to hot cells, AECL also has a suitable 
water pool at it testing facilities.  However, unlike a power reactor 
water pool used primarily for spent fuel storage or transfers that tend 
to remain relatively clean, AECL’s water pool is used extensively for 
various cutting operations. Despite water purification systems, there 
tends to be numerous suspended radionuclides within AECL’s water 
pool.  Submerging a cask into such an environment is inherently a 
poor practice, as radionuclides tend to permeate the flask surface and 
weep out over time.  This experience occurred with the 
Interproject/NOD-F1 cask, and was to be avoided with the IMT flask.  
The removable inserts of the IMT flask provided the opportunity to 
improve the loading/unloading operations.  An interfacing transfer 
module was designed where the entire shielding insert with its 
radionuclide payload could be drawn into.  Next the transfer module 
containing the loaded shielding insert was submerged into the water 
pool and unloaded.  As the transfer module remains within the AECL 
water bay facility, any weeping from the transfer module would be 
controlled within AECL’s contamination control protocols. Thus, the 
external cask components are never submerged into AECL water bay 
thereby avoiding any potential weeping issues.    
 
The third insert provides a cavity approximately 270 mm diameter by 
775 mm long, and 5 mm of steel shielding in the radial direction.  
Essentially the shielding insert is the largest metal can that can be 
fitted into the flask cavity.  In this case, the 220 mm thick main flask 
body provides all the radial shielding.  While in this case shielding is 
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significantly reduced, this configuration provides the largest payload 
cavity and has proven very suitable for many non-fuel reactor core 
components, where larger volumes of materials requiring less 
shielding are to be shipped.  As with the second shielded insert, this 
insert can be loaded/unloaded in the water pool. 
 
In all cases, axial shielding is provided by the shielding insert, a front 
shielding plug or as part of the removable drawer.  For all flask and 
insert configurations, drainage of water is accommodated. 
  
MATERIALS 
The main body of the cask is an ASME SA 182 Type 304 stainless 
steel forging and is the main structural component of the cask, 
although it also provides 220 mm of steel shielding in the radial 
direction. In addition, front and rear closure flanges and plates, as 
well as and integral support legs are also of Type 304 stainless steel.  
The trunnions, used for lifting and handling the cask, are fabricated 
from ASME SA 479 XM-19 stainless steel.  The shielding insert is a 
stainless steel lead filled as are the end shielding plugs.  The 
removable shipping drawer is also Type 304 stainless steel.  The use 
of stainless steel was selected to provide adequate strength while 
providing corrosion resistance for use in wet environments.  Lead was 
selected as a shielding material based on its low cost and ease of 
manufacture relative to other alternative shielding materials such as 
tungsten and depleted uranium.  The use of lead was also made 
possible as the main body provided the necessary structural integrity 
for the cask and thermal protection of the lead shielding insert.  As the 
shipping frame was only required to support the cask during transit 
and storage, painted carbon steel was the selected material of choice.  
The shipping frame also included provision for package movement by 
forklift.   
   
A high polish finish was selected for the external surfaces of the main 
body and closure flanges and plates.  This surface was selected to aid 
any cleaning and or decontamination processes that the flask would 
be subjected to. 
  
For all bolting material either ASME SA 193 or SA 564 stainless 
steel was used.  This material selection was to protect against galling 
and corrosion while providing adequate strength for the application.   
 
Wood encased in stainless steel was selected as a crushable impact 
absorbing overpack material.  However, given the directional nature 
of wood, the overpack material was designed to orientate the wood 
grain to absorb the maximum energy on impact.  In addition both 
balsa and redwood are utilized within the impact limiters to achieve 
the greatest energy absorbing capability for the various directions of 
the impact loads.       
 
In terms of the double o-ring configuration (See next Section), a 
fluorocarbon o-ring was selected to provide sealing at high 
temperatures while an ethylene propylene o-ring was selected to 
provide low temperature sealing.  
   
FLASK CONTAINMENT 
In addition to providing structural integrity and some radial shielding, 
the main body of the cask also provides the majority of the 
containment.  Containment at the open ends at the front and back of 
the main body of the cask is accommodated through the use of front 
and rear closure flanges (Figure 5).  The main body of the cask 

provides sealing surfaces, for double o-rings in the front and rear 
flanges to seal against.  An important design feature of the cask is that 
containment is independent of the shielding insert and is provided 
solely by the main body and closure flanges and plates.  In addition, 
the double o-ring design provides two practical design elements.  
First, leak testing can be conducted within the relatively small inner 
space in-between the two o-rings.  This provides a much faster means 
of leak testing relative to testing the much larger payload cavity.  
Second, each o-ring has been optimized for a specific situation.  
Specifically the outer o-ring provides superior high temperature 
performance to address the high temperatures associated with a fire 
accident scenario. The inner o-ring provides superior low temperature 
performance during transport under cold-weather conditions.           
 
The containment components were designed, fabricated and inspected 
to satisfy the requirements of Subsection NB, Section II of the ASME 
Boiler and Pressure Vessel Code.  Flanges and cap screws under 
accident conditions of transport were assessed based on the design 
criteria in Appendix F, Article F-100, “Rules for the Evaluation of 
Service Loadings with Level D Service Limits”, Section III of the 
ASME Code.  Flanges and cap screws for normal conditions of 
transport were assessed based on the design criteria in NB-3000, 
“Rules for the Construction of Nuclear Power Plant Components”, 
Section III of the ASME Code.     
 
For the purposes of containment component analysis, an impact load 
of 200 g’s was assumed regardless of the impact orientation.  This 
was significantly lower than the values determined during testing 
(Table 3).  
 
Table 3: Results of 9 m Drop Tests unto an Unyielding Surface: 

DECELERATION, g’s DROP 
CONFIGURATION CALCULATED TEST 
On End 90.2 180 
Horizontal 128.8 95 
Oblique 122.1 94 

 
PROTOTYPE TESTING  
A single full-scale cask was used for all prototype testing.  
Maintaining the integrity of both the gamma shielding and the 
containment system were established as the basic acceptance criteria.  
During various stages of testing, the cask was instrumented with 
accelerometers, strain gauge bolts, thermocouples and temperature 
indicator strips.   Also testing was conducted in series without any 
repair or components replacement.  This maximized the cumulative 
damage to the cask during testing.  Subsequent to prototype testing 
any undamaged components were re-covered, re-inspected and 
utilized for the first production units.  Essentially the main structural 
and shielding components were recovered.  A second production unit 
was also fabricated.   
 
Puncture Test 
The cask was dropped from a height of 1 m onto a 6” diameter pin, 
located on an unyielding surface (Figure 6).  The pin punctured the 
impact limiter, deformed the valve cover plate inward (Figure 7), 
damaged the valve cover retaining cap screws and broke the handle of 
the contained valve. Even with this damage there was no loss in the 
integrity to the containment system.  The purpose of the front cover 
plate is to protect the leak-testing valve within a pocket in the front 
closure flange.  A single o-ring seal is used seal the valve cover plate 
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to the front closure flange thereby protecting the contained leak-
testing valve.  While this o-ring may enhance the containment 
integrity, it is not part of the safety containment system.  
Nevertheless, the valve cover plate was redesigned by increasing the 
plate thickness from 25 to 50 mm.  The redesigned valve cover plate 
minimizes bending and distributed the imposed loads more evenly to 
the front closure flange.    
 
Drop Testing 
A series of drop tests were conducted and comprised of dropping the 
flask from 9 m unto an unyielding surface in the following 
orientations; end-on, horizontal, and oblique (Figures 8, 9, and 10).  
The calculated and measured deceleration loads are presented in 
Table 3.  Testing was conducted in sequence without any repairs to 
the cask (Table 4).  The impact limiters preformed as expected, 
deforming to absorb the imposed loads.  No visual damage occurred 
to the main structural components after the series of drop and fire 
tests.  However, some loss of torque on the retaining cap screws was 
noted although only the series of cap screws retaining the rear cover 
plate lost all torque.  No loss in containment was observed as indicted 
by leak testing (Table 4).  Even though the cask passed the leak rate 
criteria, the loss of all torque on the cap screws retaining the rear 
cover plate was unsatisfactory.  Consequently the rear cover plate was 
redesigned to be thicker, with countersunk cap screw heads and larger 
diameter cap screws.   
 
Table 4: Test Sequence and Measured Leak Rates 
TEST COMMENT 
He Leak rate prior to testing <5x10-

9 Pa.m3/s 
 

0.9 m drop 
1 m puncture drop test 
9 m drop test 
1 m puncture drop test 

 
Puncture on rear end 
End-on drop 
Puncture onto front end 

Leak Rate <5x10-9 Pa.m3/s  
Cask disassembled and reassembled  
Leak Rate <4x10-9 Pa.m3/s  
9 m drop test 
9 m drop test 
Fire test 

Horizontal 
Oblique 

Leak Rate <3.5x10-9 Pa.m3/s  
 
 
Fire Test 
The cask was supported over a 4.5m pool of burning kerosene.  
Uniform fire coverage and temperatures above 800°C were observed 
during the 30-minute duration of the fire test (Figure 11, 12, 13, and 
14).  Thermocouples were used to monitor various flask external and 
internal temperatures during the fire test and for approximately 24 
hours after extinguishing the flames (Figure 15 & 16).      
 
It was observed that all wood within the impact limiters was 
consumed during and after the kerosene fire. The external surface 
temperatures ranged from 420 to 800°C when the fire was 
extinguished, and decreased to 220 to 310°C ten minutes later. The 
external package temperature deceased to 100 to 150°C after four and 
half hours after the fire and essentially remained constant for the next 
20 hours.  The flask internals reached a maximum of 266°C, 
measured in the front valve cavity, 9 hours after the test started.  The 
o-ring seal areas reached 210 to 220°C after ten hours, and remained 

constant for roughly 7 hours before starting to decrease slowly.  At 
these temperatures and times the sealing performance of the 
fluorocarbon o-ring is adequate while the ethylene propylene o-ring is 
marginal.  However, only one o-ring is required to maintain the 
containment integrity.  Internal temperatures were insufficient to melt 
the lead shielding and therefore the gamma shielding capability of the 
flask was not affected. 
 
The temperature within the valve cavity of 266°C exceeded the 
recommended temperature limit of 93°C for the valve stem insert 
material (polychlorotrifluoroethylene).  As a result, a valve stem 
insert of stellite material (temperature rating of 315°C) was 
substituted.    
 
In addition layered non-combustible insulating material was 
incorporated within the impact limiter located between the wood and 
the end face of the cask.  This non-combustible material reduces heat 
transfer from the burning wood into the ends of the cask. 
 
Summary of Prototype Testing 
During prototype testing, it was observed that certain removable 
methods of the cask from its frame resulted in the cask/frame 
becoming slightly unsteady.  This was deemed undesirable and the 
footprint of the frame was increased to provide improved stability for 
the frame.  
 
In the as-tested prototype, the drop testing and fire test did not 
compromise the gamma shielding, the structural integrity, or the 
containment systems.  However, some design improvements were 
implement (Table 5).   
 
 
Table 5: Summary of Design Improvements Resulting form Testing 

ITEM ISSUE IMPROVEMENT 
Valve Cover Plate Deformed during 

puncture Test 
Thicker Plate 

Rear Cover Plate Lost torque on Cap 
screws 

Thicker plate, larger 
diameter cap screws 

Impact Limiter  Heat transfer to 
Flask under fire 
conditions 

Layered non-
combustible 
material 
incorporated 

Valve Stem Insert Stem Insert melted 
during fire Test 

Stem insert replaced 
with Stellite 
material 

Shipping Frame Became unstable 
during certain 
removal methods of 
the cask   

Increased footprint 
for the frame 

 
       
COMPLIANCE PROGRAM 
Maintenance 
Although simply a container, the design and construction of the 
container has very stringent requirements, requiring strict control over 
materials and fabrication practices.  This strict type controls must 
extend from the original manufacture through its in-service 
operations, if the cask is to remain within its design configuration.  
Any operational, repair, or maintenance function that results in 
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material substitution could jeopardize the ability of the cask to meet is 
design intent. 
 
Accordingly, maintenance operations were considered during the 
original design.  Two basic deterioration strategies were considered:  
anticipated usage, and elapsed time.  In this regard the following 
issues were considered: wear of the cap screws, wear of the leak 
testing valve, deterioration of the o-ring seals, damage to the sealing 
surfaces, and puncture or other damage to the impact limiters.  Given 
the possibility of deterioration, an annual inspection program for the 
cask was developed (Table 6).  Given that replacements are likely, 
there is an impact onto the spare parts inventory system.  In common 
with many inventory systems, AECL maintains spare parts for the 
flask in a quality-controlled environment.  The spare parts inventory 
system also includes automatic reordering when quantities fall below 
specified minimums.  Minimum quantities are selected to maintain a 
full set of spares at all times.  In addition, a limited number of spares 
are maintained and travel with flask (i.e. o-rings and cap screws).  
Thus, any inadvertent damage or loss of a single small component can 
be dealt with at the local level.  In contrast, the main body, and 
various cover plates/flanges were considered to have an unlimited 
lifetime in engineering terms, and no spares are maintained.  
However, is necessary, these parts can be re-manufactured. 
 
Another important maintenance consideration is to keep the flask as 
clean as possible from a radionuclide perspective. Thus the flask 
internals are frequently subjected to decontamination processes.   
  
Table 6: Flask Maintenance Requirements 
COMPONENT/SYSTEM REQUIREMENT 
O-rings Annual inspection, replace as required 

Replace at four year intervals 
Leak Testing Valve Annual inspection, repair or replace as 

required 
Cap Screws Annual inspection, replace as required 
Sealing Surfaces Annual inspection, repair or replace as 

required 
Impact Limiters Annual inspection, replace as required 
Leak Tightness Annual leak test 
 
Over the past ten years the following observations from maintenance 
have been observed: 

• Initial damage to the sealing surface has been reduced as 
various facilities have become familiar with handling 
protocols. 

• Decontamination process results in frequent o-ring 
replacements 

• Unapproved substitutions of components (cap-screws) has 
occurred on rare occasions 

Shipping frame takes the brunt of in-transit damage, as evidenced by 
dents and scratches.  
 
As a final observation on cask handling, AECL has observed a 
reluctance of certain sites to handle a cask for the first time, especially 
when the remote location is responsible for unloading a radioactive 
shipment.  To address this concern, AECL has developed a one-day 
training program.  The training program covers loading/unloading 
operations including completion of the pre-shipment test leak testing.  
Feedback to such a program has been very positive and is highly 
recommended.  

 
Radioactive Material Shipments 
 Transportation of radioactive material is a heavily regulated activity.  
AECL is governed by external, domestic and international 
requirements in the form of laws, regulations, codes, and standards.   
It is the aim of all government competent authorities and regulators 
(both domestic and international) to achieve, compliance with 
international safety standards which provide an acceptable level of 
control of the radiation hazards to persons, property and the 
environment that are associated with the transport of radioactive 
material (RAM). 
 
All regulations are based on international standards.  These standards 
are then amended to capture the host countries requirements and this 
in turn, translates into government policy variations between nations 
and states.   It should also be noted that the international standards are 
revised on a two year cycle to capture changes resulting from 
experience and advances in technology.  Different modes of 
transportations such as road, rail, marine and air have additional 
restrictions.  For instance, marine and air vessels have more restrictive 
standards designed to provide safety in a remote environment.  If 
there is a problem with a consignment on board a vessel, the safety 
options for crew members are severely limited. 
 
A consignment travelling from one domestic point of departure to an 
international destination will require adherence to these standards.  
Import, export, shipper declarations, competent authority approvals 
and endorsements, transit permits all provide a challenging logistical 
environment and can be a lengthy process.   Indeed, when the IMT 
cask is shipped internationally, planning cycles of 6 months are not 
uncommon. 
 
PACKAGE CERTIFICATION 
AECL received initial package certification as CDN/2061/B(U)-85 in 
1993 by the Canadian jurisdiction authority.  Revalidation of the 
Canadian certificate was granted by US Department of Transport in 
1994 as USA/0486/B(U)-85.  Since then various amendments have 
been made to the package certification to, add different internal 
configurations, renew the validity period, or change the authorized 
contents.   
 
The most significant change to the package certification occurred in 
2002 when the authorized package contents were expanded to include 
fissile material (enriched nuclear fuel, CDN/2061/B(U)F).  This 
expanded certification required additional safety analysis to 
demonstrate the cask with its fissile contents met the criticality safety 
requirements under normal and accident conditions of transport.  The 
safety case shows the cask and its contents would remain subcritical, 
that is, a fission reaction could not occur, under optimal water 
moderation and reflection. 
 
Two other issues surrounding package certification have been 
observed.  First, package renewal in the originating country (Canada 
in this case) occurs shortly before expiry of a current certification.  
Only after the originating country has renewed the certificate is it 
possible to apply for revalidation in a second or more country.  
However, even a renewal in a second country can be a lengthy 
process and significant delays can occur.  Also, many other countries 
are adopting the requirement to revalidate an originating country’s 
certificate.    
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Figure 1: Cutaway Illustration of the Irradiated Material 

Transportation (IMT) Package 
 

 

 
 

Figure 2: Cask Main Body 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
Figure 3: Removable Insert Prepared for Installation Into Main 
Body of Cask 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 4: Removable Drawer of Insert No 1  

140 x 140 x 660 mm 

Front Shielding shown 
separated from drawer 

Cavity 

h
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Figu
re 5: Valve Cover Plate, Front and Rear Closure Flanges, Rear 

Cover Plate and Hoist Rings 
 
 
 
 
 
 
 

 
 

Figure 6: Cask Prepared for 1 m Puncture Test 
 
 

Figure 7: Distortion to the Valve Cover Plate as a Result of 1 m 
Drop Height Puncture Test. (Temperature Indicator Strips and 

Strain Gauge Bolts can be Seen) 

 
 

Figure 8:  Cask Prepared for End-on Drop Test from a Height of 
9 m 
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Figure 9: Cask After Impact from a Drop Height of 9 m Drop 
Height (Horizontal Orientation) 

 
 
 
 
 

 
 
 
 
 

 
 Figure 10:  Flask Impacting from a 9 m Drop Height at an 

Oblique Angle 
 

 
 
 
 
 
 

 
Figure 11: Flames Starting to Develop at the Beginning of the 

Fire Test 
 
 
 
 
 
 

 
 
 

 
 

 

 
Figure 12: Flames Completely Engulfing Cask during Fire Test 
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Figure 13: Flames of the Kerosene Pool Fire Extinguished (Note 
that the Impact Limiters are Continuing to Burn 

 
 
 
 
 

 
 
 

 
 
 

Figure 14: Fire Test, Flame Temperature versus Time 
 
 
 

 

 
 
 
 

Figure 15: Flask External Temperatures vs Time During Flame 
Period and for Approximately 24 hours after Flames were 
Extinguished 
 
 
 
 
 

 
 

Figure 16: Flask Internal Temperatures vs Time During Flame 
Period and for Approximately 24 hours after Flames were 

Extinguished 
 
 
 

Time, hours 
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