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Executive Summary 
This report summarises investigations undertaken by Jacobs and MCM for the South Australian Nuclear Fuel 
Cycle Royal Commission into risks and safety issues surrounding the transport of radioactive materials to and 
within Australia.  Sea and land based transport movements similar to those described and assessed here would 
be required if a nuclear waste receipt, processing, storage and disposal industry were established in the State. 

Transport of hazardous goods is generally perceived as riskier than static storage, and demands a high level of 
risk management and assurance. As described in this report, this high standard is achieved by multiple layers of 
engineering, planning, legislative, procedural and guideline-focussed risk mitigation. As background, the US 
Nuclear Regulatory Commission (USNRC) has demonstrated through extensive field testing and simulation that 
physical and procedural systems perform their intended role reliably and that radiation exposure doses to the 
public from routine transport of spent fuel are negligible.  

Reliably high levels of safety in the transport and storage of radioactive materials are achieved through three 
closely related and interacting approaches: 

¶ Packaging of radioactive materials is the most important safeguard, providing the highest level of 
protection against emission of radiation or release of radioactive materials arising from accidental or 
deliberate impacts, fire or attack, 

¶ Further design / engineering measures to reduce the likelihood of impacts, fire or attack occurring.  This 
is of particular relevance to South Australia as the ‘greenfield’ nature of the proposed facilities allows such 
design and engineering measures to be incorporated from inception, and 

¶ A comprehensive system of regulations and operational requirements, enforced by effective legislative 
provisions. 

A 2014 USNRC report presents a comprehensive list of conclusions showing the high margins of safety 
inherent in the transport of spent nuclear fuel, the most highly radioactive of the materials that would be 
transported according to the SA radioactive waste management concept. Even for the most severe incidents 
envisaged, spent fuel casks with an inner welded container would release no radioactivity. For casks without an 
inner container, there is only around a one in a billion probability that an accident could release radioactive 
materials, and even then a lethal dose of radiation would not be released. 

Threats to radioactive materials in transport from malicious or criminal motives have also been examined 
extensively in field tests and via simulation by various international regulatory agencies and found the 
combination of engineering and other risk mitigation measures in place are both reliable and highly effective. 

This report considers nine (9) transport-based risk-event scenarios, in the following categories: 

¶ Four ‘accident’ scenarios spanning the foreseeable modes of transportation (ship / train / truck) that exist in 
the defined transport model for the SA radioactive waste management concept  

¶ Four ‘attack’ scenarios which describe deliberate acts by unnamed adversaries hoping to capture or bring 
about the uncontrolled release of radioactive waste material 

¶ One scenario considering an accident or attack on a low level waste movement on a public road. 

It is important to note that selection of the criminal / deliberate attack scenarios in no way reflects any kind of 
official or unofficial assessment of their likelihood.  Rather, severe but potentially possible situations have been 
developed in order to test the effectiveness and resilience of the overall risk mitigation system(s). 

Each of these scenarios is assessed in order to allow conclusions to be drawn on the adequacy or otherwise of 
the existing risk mitigation framework, including policies, procedures and levels of the relevant capabilities that 
would be expected to be applied in the South Australian context.  

A summary of these scenarios is shown below.  Note that this table should not be read in isolation: context is 
provided throughout the report. 
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Table 1 : Risk summary table – transportation of radioactive waste (by transport mode and event scenario) 

Incidents at sea 

Scenario Risks Likelihood Consequences 

Collision Cask 
damage 

Cask leaks 

1 in 20 million risk of 
collision per voyage, 
less than 1 in 10 
collisions cause cask 
damage 

As demonstrated by full scale testing and 
simulation, cask damage is very unlikely to 
lead to leaks. 

It is most likely the cask will fall into the sea 

If there are leaks there will be so much dilution 
that no effects on humans are expected (see 
below) 

Fire or collision 
followed by fire – 
at sea 

Cask leaks For engine room fires 
that spread to the 
cargo area, or fires of 
a serious nature 
arising in the cargo 
hold, the figure is 
about three per ten 
thousand ship-years. 

As demonstrated by full scale field testing, fire 
at cask is very unlikely to lead to leaks 

Fire or collision 
followed by fire  - 
in harbour 

Cask leaks As above As above.   

More opportunity for effective firefighting 
relative to fire at sea. 

Sinking or 
collision followed 
by sinking – deep 
sea 

Cask leaks Requires incident 
(collision / fire etc to 
occur) 

Loss of ship 
frequency is 3 per 
thousand ship years. 
Special measures for 
SF transport vessels 
would reduce this. 

Cask may not be recovered.  Eventual release 
of mobile radioactive isotopes, if assumed to 
enter the marine food chain and lead back to 
people would give rise to maximum annual 
radiation doses estimated at around one 
billionth of natural background radiation 
exposures. 

Sinking or 
collision followed 
by sinking – 
shallow sea 

Cask leaks Requires incident 
(collision / fire etc) to 
occur as a precursor 

Cask will be recovered well before leakage 
occurs.  If this doesn’t happen then leakage 
may occur after many years and annual 
exposure of  around one thousandth of natural 
background level 

Ship hijack Cask held to 
ransom  and 
/ or contents 
removed 

Probability 
impossible to 
quantify, but should 
be less than for other 
vessels because of 
armed escort and 
physical barriers to 
access to fuel  

Design makes it very difficult for terrorists to 
open casks.  Intervention by authorities likely 
in short time scale 

 

Incidents during transport by rail 

Scenario Risks Likelihood Consequences 

Collision / impact Cask leaks / Chance of a No leakage from casks with welded inner 
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damage radiation 
barrier 
damaged 

collision is 1 in 10 
billion then requires 
high speed collision 
with unyielding 
object (even rock 
yields to some 
extent) 

containers.  Low likelihood of leakage for 
flasks with non-welded inner containers.  
Gamma shielding remains intact. 

Low level of radiation to emergency 
responders controlling the accident site or 
possibly involved in localised clean-up. 

Fire damage Cask leaks / 
radiation 
barrier 
damaged 

Requires proximity 
of fuel source and 
collision or similar 
to rupture fuel tank.  
So probability lower 
than for collision 
alone. 

As demonstrated by full scale testing, fire at 
cask is unlikely to lead to leaks. Specialised, 
dedicated trains will minimise fuel storage and 
have suitable separation distances.  Modelling 
shows no radioactive species released. 

Low level of radiation exposure to emergency 
responders. 

Structure falling 
on cask 

Cask damage Earthquake or other 
event to cause 
structure to fail: 
unlikely in SA. 

Simulation modelling shows no cask 
perforation. 

Sabotage of 
railway line 

Cask held by 
terrorist 

Has not occurred; 
massive scale of 
casks limits actions 
of attackers. 

Design makes it very difficult for terrorists to 
remove or open casks.   

Intervention by authorities likely in short time 
scale would further reduce consequences. 

Rocket (RPG) 
attack on train 

Cask ruptures 
and radiation 
released 

Has not occurred 
(or become close to 
occurring). 
Requires specialist 
rockets and trained 
firers 

Many operational and engineering measures 
to minimise risk. In worst case scenarios, 
assessed lifetime increase in cancer risk to 
exposed persons has been estimated to be 
0.13%.  

Incidents during transport by road 

HLW / ILW 
accident on public 
road 

Cask rupture No travel  outside 
secure areas in 
associated facilities 

No transportation issues outside secure areas.  
Low speed minimises consequence of impacts 
and managed through secure area 
procedures. 

LLW waste 
accident on public 
road 

Container 
damaged 

No incidents 
worldwide to date 
with container 
breached. 

Low level waste unlikely to cause radiation 
exposure to emergency responders or public 
even to the level approaching background 
radiation. 

Hijack of a LLW 
truck on public 
road 

LLW held by 
terrorists 

Has not occurred 
(or become close to 
occurring) 

Could cause public alarm, but low level waste 
not a useful bargaining tool for terrorists. 
Intervention by authorities likely in short time 
scale 

Effectiveness of Australia’s risk management systems and protocols for transportation of radioactive 
waste 

International field tests and simulations of various extreme incident scenarios that have proven the resilience 
and effectiveness of risk controls are also found to be applicable and relevant to the South Australian context. 

Australia has a comprehensive system of guidelines and procedures, supported by a comprehensive legislative 
framework for the transportation of all hazardous goods, including radioactive waste, upheld by national and 
state-based freight regulators and ARPANSA guidance, which is derived from IAEA best practice protocols and 
technical reports. These practices are applied to more than 30,000 shipments of radioactive sources and 
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substances throughout Australia each year, with no significant release or loss of radioactive material recorded 
during transport. 

The overall effectiveness of Australia’s existing security measures for the protection of radioactive material in 
storage or transport is also found to be sound, and compares favourably with physical and operational 
measures adopted in overseas jurisdictions (NTI, 2016).  

This report presents the approaches and conclusions of a large body of international research in this area and 
explains the overall conclusion that with inherent and deliberate risk controls in place, the residual risks from the 
transportation of radioactive waste by sea, road and rail are consistently far lower than for many other hazards 
which are routinely accepted by the public. 
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Limitation Statement 

The sole purpose of this document and the associated services performed by Jacobs is to prepare a report for 
the South Australian Nuclear Fuel Cycle Royal Commission (the client) in accordance with the scope of services 
set out in the contract between Jacobs and the Client. That scope of services, as described in this document, 
was developed with the Client.  

In preparing this document, Jacobs has relied upon, and presumed accurate, any information (or confirmation of 
the absence thereof) provided by the Client and / or from other sources.  Except as otherwise stated in the 
document, Jacobs has not attempted to verify the accuracy or completeness of any such information. If the 
information is subsequently determined to be false, inaccurate or incomplete then it is possible that our 
observations and conclusions as expressed in this document may change. 

Jacobs derived the data in this document from information sourced from the Client (if any) and / or available in 
the public domain at the time or times outlined in this document.  The passage of time, manifestation of latent 
conditions or impacts of future events may require further examination of the project and subsequent data 
analysis, and re-evaluation of the data, findings, observations and conclusions expressed in this document. 
Jacobs has prepared this document in accordance with the usual care and thoroughness of the consulting 
profession, for the sole purpose described above and by reference to applicable standards, guidelines, 
procedures and practices at the date of issue of this document. For the reasons outlined above, however, no 
other warranty or guarantee, whether expressed or implied, is made as to the data, observations and findings 
expressed in this document, to the extent permitted by law. 

This document should be read in full and no excerpts are to be taken as representative of the findings.  No 
responsibility is accepted by Jacobs for use of any part of this document in any other context. 

This document has been prepared on behalf of, and for the exclusive use of, Jacobs’s Client, and is subject to, 
and issued in accordance with, the provisions of the contract between Jacobs and the Client. Jacobs accepts no 
liability or responsibility whatsoever for, or in respect of, any use of, or reliance upon, this document by any third 
party. 

The document describes a set of readily foreseeable risks as of the time of writing. It is not intended to act as a 
detailed assessment of any particular type of threat, and should not be relied upon for any other purpose other 
than a general description. The risks may evolve over time, and over the course of time some aspects of the 
analysis may require revision to remain relevant for conceptual planning or other purposes.  

In no part of this report does Jacobs, either explicitly or implicitly, make any recommendation or endorsement of 
the viability or otherwise of the Project. 
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Definitions and abbreviations  
ARPANSA Australian Radiation Protection and Nuclear Safety Agency 

IAEA International Atomic Energy Agency 

GDF Geological disposal facility for spent fuel and high level waste 

HLW High level waste 

IDR Intermediate depth repository for intermediate level waste 

ISF Interim storage facility 

ILW Intermediate level waste, sometimes called long lived intermediate level waste (LILW) 

LLW Low level waste including very low level waste (VLLW) 

mSv milliSievert; Sievert is a measure of radiation dose 

OSOM Over size over mass (vehicle) 

RPG Rocket propelled grenade 

SF Spent fuel (also known as used fuel, UF) 

SWTC Standard waste transport containers 

t Tonne 

tkm Tonne-kilometres 

USNRC US Nuclear Regulatory Commission  
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1. Introduction 
This report summarises investigations undertaken by Jacobs and MCM for the South Australian Nuclear Fuel 
Life Cycle Royal Commission into risks and safety issues surrounding the transport of radioactive materials to 
and within Australia.  Sea and land based transport movements similar to those described and assessed here 
would be required if a nuclear waste receipt, processing, storage and disposal industry were established in the 
State. 

Public and operator safety is of the highest possible importance in all aspects of the use and handling of 
radioactive materials.  While no countries have yet established and are operating permanent disposal facilities 
for the most radioactive forms of waste there are still many thousands of tonnes of material shipped by road, rail 
and sea each year for temporary storage or reprocessing, all without a notable incident in transit.  

Transport of hazardous goods is generally perceived as riskier than static storage and demands a high level of 
risk management and assurance. As described in this report, this high standard is achieved by multiple layers of 
engineering, planning, legislative, procedural and guideline-focussed risk mitigation. As background, the 
independent US Nuclear Regulatory Commission (USNRC) has demonstrated that these systems perform their 
intended role reliably and that radiation doses to the public from routine transport of spent fuel are negligible1.  

This report describes both the approaches to risk mitigation that would apply foreseeably in the South Australian 
context, and how they would be expected to ‘perform’ in a hypothetical series of severe-event scenarios. This 
analysis, which draws on extensive, independent primary field trials of nuclear material transportation systems 
from a number of countries, is wide ranging and relevant to the state of the art systems proposed to be 
considered for South Australia. 

1.1 Overview of radioactive transportation safety approaches and outcomes  

Reliably high levels of safety in the transport and storage of radioactive materials are achieved through three 
closely related and interacting approaches: 

¶ Packaging of radioactive materials is the most important safeguard, providing the highest level of 
protection against emission of radiation or release of radioactive materials resulting from accidental or 
deliberate impacts, fire or attack 

¶ Further design / engineering measures to reduce the likelihood of impacts, fire or attack occurring 

¶ A comprehensive system of regulations and operational requirements, enforced by effective legislative 
provisions.   

In Australia, implementation of the first and third approaches is based on the International Atomic Energy 
Agency’s international regulations for the transport of radioactive materials, first published in 1961, updated in 
20122, and implemented in all Australian states and territories through legislation that enacts ARPANSA’s Code 
of Practice series3.   

As the radioactive transportation system being considered for South Australia is expected to be a new ‘green 
field’ system there is opportunity to incorporate a number of engineering measures to reduce both the likelihood 
of incidents and the consequences of low probability events. 

Requirements for packaging systems are linked to the level of hazard posed by the radioactivity of the material 
concerned. The radioactivity levels of waste products being transported vary from levels almost undetectable 
against background radiation through to levels requiring the highest level of containment and protection within 
special, purpose-designed containers or ‘casks’.  These so-called ‘Type B’ casks are used for spent fuel (SF) 
and high level waste transportation across the world.  Type B casks have been extensively tested in severe 

                                                   
1 USNRC (2014), Spent Fuel Transportation Risk Assessment Final Report, NUREG 2125 
2   IAEA (2012)  Regulations for the safe transport of radioactive materials.  http://www-pub.iaea.org/MTCD/Publications/PDF/Pub1570_web.pdf  

Accessed 21 March 2016 
3   ARPANSA (2008a) Safe transport of radioactive materials Guide 2 http://www.arpansa.gov.au/pubs/rps/rps2_2008.pdf; ARPANSA (2008b) Safe 

transport of radioactive materials Guide 2.1 http://www.arpansa.gov.au/pubs/rps/RPS2_1.pdf and ARPANSA (2012)  Approval processes for the 
safe transport of radioactive materials Guide 2.2 http://www.arpansa.gov.au/pubs/rps/RPS2_2.pdf  All accessed 21 March 2016 
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accident and deliberate attack scenarios, and the lessons learned have resulted in steadily improved designs 
over decades.   

The result is a long history of exemplary safety performance worldwide extending over 60 years: few incidents, 
no severe accidents and no documented health effects upon the public or workers directly involved in handling 
nuclear materials. 

The World Nuclear Association, in its comprehensive review publication of January 2016 on transport of 
radioactive materials4, opens with the following comments:   

“There are around 20 million consignments of radioactive substances worldwide each year on public roads, 
railways and on ships.  Since 1971 there have been more than 20,000 shipments of used fuel and high-
level wastes (over 80,000 tonnes) over many million kilometres.  Although there have been transport 
accidents involving radioactive materials, there has never been one in which a container with highly 
radioactive material has been breached, or has leaked.” 

This paper describes the baseline hazards involved with transportation of generic cargo by rail, road and sea 
and then presents the nature of the risks involved in transport of radioactive materials, and the general and 
specific risk mitigation systems in place that reduce the risk during transportation to a very low level. 

                                                   
4  http://www.world-nuclear.org/info/Nuclear-Fuel-Cycle/Transport/Transport-of-Radioactive-Materials/  Updated January 2016  Accessed 21 March 

2016  
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2. Baseline transportation hazards 

2.1 Introduction 

This section describes the overall freight task carried by road, rail and sea throughout Australia, and in 
particular, the levels of reliability achieved across the different modes for both mixed use (non-exclusive) and 
dedicated (exclusive use) freight systems.  

As shown in the following discussion, the scale of the freight task in Australia continues to grow overall, with 
road and rail taking an increasing share of the total. The rate of notable incidents (which result in loss of cargo 
or other damage) is extremely small for mixed-use freight systems, and is even lower for dedicated or exclusive 
use systems, such as those envisaged for high and intermediate level waste transport in the SA radioactive 
waste sector. 

2.2 Australia’s freight task 

The Australian freight task is measured and reported in two principal ways:  the number of tonne-kilometres 
(tkm) of freight moved, and the number of tonnes of freight uplifted, with the former a more accurate overall 
measure of total activity.5 

Australia’s total freight task has quadrupled over the past four decades6, with strong growth in road transport 
and more recently in rail, predominantly in the mining and resource sectors.  Recent trends in Australia’s freight 
task are shown in  Figure 2.1 (below). 

 Figure 2.1 : Australia’s freight task (billion tonne-kilometres) 

 

Source: Department of Infrastructure and Regional Development, 2014 Freightline 1, p 2  

Figure 2.2 (below) provides an overview of Australia’s domestic freight task, considering transport mode, 
location and quantity. 
                                                   
5 For movement of freight around urban areas, tonnes lifted is a preferred summary measure, as it better represents such activity. 
6  https://bitre.gov.au/publications/2014/files/Freightline_01.pdf p 2  Accessed 21 March 2016 
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Figure 2.2 : Overview of Australia’s domestic freight task 

 
Source: Department of Infrastructure and Regional Development, 2014 Freightline 1, p 3 

The geographic links and relative volumes of road and sea freight are summarised in the following figures: 

Figure 2.3 :  Australia’s road freight task Figure 2.4 :  Australia’s international sea freight task 

 
 

ABS (2002) and BITRE Estimates Department of Infrastructure and Regional Development, 2014 Freightline 1, 
p 6 
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2.3 The reliability performance of Australia’s freight task 

2.3.1 Road  

Transport incident rates vary by mode, with minor vehicle incidents typically not reported in national statistics. 
For road transport, accidents that result in one or more fatalities are collated by various government agencies 
and are applied here as a proxy measure for the rate of significant incidents overall for road transport. 

Available data on trends in accidents involving heavy freight vehicles are summarised in Figure 2.5, which 
shows a slight downward trend in overall incidents over the past decade, particularly for articulated trucks, 
which undertake the greatest share of freight transport in Australia.  

Figure 2.5 : Trends in accidents involving heavy vehicles (number of fatal vehicle crashes) 

 
Source: Department of Infrastructure and Regional Development, 2015 Fatal heavy vehicle crashes quarterly bulletin Dec 2015 p 1 

https://bitre.gov.au/publications/ongoing/fhvc/files/Bulletin_Dec_2015.pdf  Accessed 21 March 2016 

Further analysis of detailed data for significant (fatal) vehicle collisions in Australia over the 12 months to 
October 2014 is presented in Table 2.1 (below). The scale of the freight task and its overall reliability is 
demonstrated in the observation that 2.131 billion tonne-kilometres of freight were moved nationally during the 
period (with 7.1% of total national tkm carried in SA) with 115 significant (fatal) incidents recorded (15 in SA). 
This equates with an overall incident of one per 18.537 billion tonne- kilometres nationally, or one per 10,105 
billion tonne- kilometres in SA. 
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Table 2.1 :  Deaths from fatal accidents involving articulated freight vehicles – CY 2015 

Type (source) NSW Vic Qld SA WA Tas NT ACT Total 

Road user types involved (DIRD, 2014) 

Drivers 22 15 21 9 10 3 0 3 81 

Passengers 4 2 6 4 1 1 0 0 18 

Pedestrians 5 2 2 0 0 0 0 0 9 

Motorcyclists 3 0 0 0 1 0 0 0 4 

Pedal cyclists 0 10 0 2 0 0 0 0 3 

All road users 34 20 29 15 12 4 0 1 115 

Type of accident (DIRD, 2014) 

Single vehicle 5 2 10 1 1 0 0 0 19 

Multiple vehicle 24 16 17 14 11 4 0 1 87 

Pedestrian 5 2 2 0 0 0 0 0 9 

All types 34 20 29 15 12 4 0 1 115 

Accident involvement rate analyses 

Articulated vehicles 
registered (ABS 9309.0) 

20,622 26,160 21,060 8,429 15,680 1,652 1,229 143 94,975 

Fatalities per articulated 
vehicle  

0.00165 0.00076 0.00138 0.00178 0.00077 0.00242 0.00 0.00699 0.001211 

Billion freight tkm 
undertaken                            
(ABS 9223.0) 

538,007 476,471 502,336 151,576 373,712 50,549 25,319 13,730 2,131,703 

Billion freight tkm per 
fatality  

15,824 23,824 17,322 10,105 31,143 12,637 -- 13,731 18,537 

Sources: Department of Infrastructure and Regional Development (2014)  Freightline 1.  https://bitre.gov.au/publications/2014/freightline_01.aspx  Accessed 21 March 2016 
ABS Cat 9309.0 Motor Vehicle Census 12 months ended 31 January 2015 http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/9309.0Main+Features131%20Jan%202015?OpenDocument Accessed 22 March 2016 
ABS Cat 9223.0 Road Freight movement, Australia 12 months ended 31 October 2014 
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2.3.2 Rail – shared (non-exclusive) networks 

Rail safety assessments and reports maintain records of various forms of incidents involving passenger and 
freight trains, which illustrate trends in safety and reliability for non-dedicated (shared) rail networks. 

The Australian National Rail Safety Regulator’s (NRSR) 2014 Annual Rail Safety Report7 presented statistics for 
the past three years of national8 freight activity on shared networks. As shown below, it reports that in the three 
years to 2014/, some 100 million train kilometres were travelled, with 96 derailments occurring, or one 
derailment per 1.04 million km travelled.  

Table 2.2 : Freight Train running line derailments - ONRSR and Great Britain  

 

Source:  National Rail Safety Regulator (2015) Annual safety report 2015 to 2015 Table 5 p 19  

 

2.3.3 Rail – exclusive networks 

While the above statistics refer to mixed use or non-dedicated rail networks, the rail link that is proposed to 
operate between the interim storage facility and the geological disposal facility / encapsulation plant will be a 
dedicated line, separated from other rail traffic to achieve higher levels of safety and reliability. In addition, 
transports will most likely carry only radioactive wastes, with no mixed cargoes. 

There are already a small number of dedicated rail lines operating in Australia, notably the private operations in 
the Pilbara region of NW Western Australia, which offer a useful case study for comparison.9 

In 2012, there were three principal private networks delivering a large majority of Australia’s total 170.6 billion 
kilometre-tonnes of iron ore to ports on the WA coast, as follows: 

Table 2.3 : Australian private freight rail network statistics (2012)  

Owner Network Length (km) Billion tonne- kilometres 
(2011/12) 

Rio Tinto (Hamersley and Robe River) 1400 84.6 

BHPB (Mt Newman and Goldsworthy Railways) 800 61.1 

Fortescue Metals Group 250 15.9 

                                                   
7  National Rail Safety Regulator (2014) Annual Rail Safety Report 2013 to 2014.  

https://www.onrsr.com.au/__data/assets/pdf_file/0011/10442/J004064-Annual-Safety-Report-2014_WEB.pdf  Accessed 22 March 2016 
8 The ONRSR covers all states and territories apart from Queensland, with ACT since 2014/15 and Victoria since 2013/14 
9 Other private/dedicated heavy rail operations occur within port areas or as point to point tourist railways typically on legacy track in locations which 

are now remote from passenger or freight networks. 
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Owner Network Length (km) Billion tonne- kilometres 
(2011/12) 

Total (private networks) 2450 161.6 

Source: Bureau of Infrastructure, Transport and Regional Economics (BITRE) 2014, Freight line 2 – Australian Iron Ore Freight Transport, 

BITRE, Canberra.  

Throughout WA10  the number of reportable incidents has reduced from 1.66 to 0.83 per million train miles from 
2013 to 2015, with 40 occurrences in 2014-15 compared to 62 in the previous year. This includes both private 
freight and general use lines. A reportable incident is defined as: 

¶ an accident or incident that causes death, serious injury or significant property damage 

¶ a running line derailment 

¶ a running line collision between rolling stock 

¶ a collision at a road or pedestrian level crossing between rolling stock and either a road vehicle or a 
person 

¶ a fire or explosion on or in rail infrastructure or rolling stock that affects the safety of railway operations 
or that endangers one or more people 

¶ a suspected terrorist attack or threat of attack 

¶ any accident or incident involving a significant failure of a safety management system that could cause 
death, serious injury or significant property damage, and 

¶ any other accident or incident that is likely to generate intense public interest or concern. 

Four incidents since 2014 were deemed worthy of detailed investigation: 

¶ collision between two road-rail vehicles with one casualty, in 2012 

¶ over-run of train near siding in 2013 

¶ derailment of train in 2014 

¶ collision between track worker and passenger line in 2015. 

2.3.4 Sea 

The Australian Transport Safety Authority’ Marine Group monitors safety incidents and issues concerning 
shipping in Australian waters. Its most recent report, Australian Shipping Occurrence Reports 2005-201211 
summarises reported notifications, incidents and fatalities.   

In the year to 2012, there were a total of 193 occurrences in Australian commercial shipping worthy of reporting, 
across a wide range of event types. Overall, the ATSB found that there were 1,200 unique occurrence types 
associated with Australian marine activity in the seven years to 2012, as summarised below. 

                                                   
10 Government of Western Australia, Office of Rail Safety Annual Report 2014 – 2015  
11  ATSB (2014) Australian Shipping Occurrence Reports 2005-2012  https://www.atsb.gov.au/media/4119146/mr-2013-002_final.pdf  Accessed 22 

March 2016 
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Table 2.4 : Occurrence type during marine occurrences, 2005 to 2012  

 

Source: Australian Transport Safety Bureau (2014)  Australian shipping occurrences statistics 2005-2012  Table 8, page 16. 

This shows that collisions and sinkings (‘foundered’) are a small proportion of the total reported incidents (4.1%) 
over the 2005 to 2012 period, which are themselves a small fraction of the number of ship movements.  Within 
the collision category there is a wide range of incidents the great majority are minor with few serious impacts. 

International marine insurance statistics used by IAEA demonstrate the frequency of serious collisions to be 
around two per thousand ship-years, or about one in 25 million nautical miles, with the frequency of total loss of 
vessels being around three per thousand ship-years.  
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3. Transportation concept for radioactive materials in South 
Australia 

Reports prepared by and for the SA Nuclear Fuel Cycle Royal Commission12 set out a concept of what a 
radioactive material receipt, treatment and disposal industry in South Australia could consist of, and the 
associated transport requirements.  The industry was postulated to provide facilities and solutions for 
internationally generated and stored radioactive waste, including the following categories: 

¶ Spent fuel and high level waste (SF / HLW) 

¶ Intermediate level waste (ILW) – also referred to as long lived intermediate level waste (LILW). 

The business case investigations determined that the third waste category, low level waste (LLW), was most 
likely to be disposed in the originating country that created or benefitted from it, but that facilities to receive, treat 
and dispose of locally-generated Australian low level waste (LLW) and very low level waste (VLLW) were likely 
to be required. 

The major components of the envisaged industry consist of: 

¶ A purpose-built, exclusive-use port to receive radioactive waste materials from ships 

¶ An immediate ‘laydown’ area at or very close to the port, to hold casks and other approved containers of 
radioactive materials received prior to despatch to longer term storage locations 

¶ An interim storage facility (ISF) for interim dry storage of SF / HLW prior to transfer to the geological 
disposal facility (GDF) and for ILW waste prior to transfer to the intermediate depth repository (IDR) 

¶ A geological disposal facility (GDF) for permanent disposal of SF / HLW in remote, geologically stable 
bedrock emplacement chambers located several hundred metres underground  

¶ An encapsulation facility (EF), co-located with the GDF.  This would encapsulate the SF / HLW in purpose 
designed capsules for permanent disposal 

¶ An intermediate depth repository (IDR) for disposal of ILW, co-located with the GDF and sharing common 
infrastructure 

¶ A low level waste repository (LLWR) for near surface disposal of LLW at a location potentially at some 
distance from either the ISF or the GDF. 

Operation of these facilities would require the transportation movements listed in Table 3.1 (below). 

Table 3.1 :  Radioactive waste transport movements – SA Concept 

Material From To Method Requirements  

SF / HLW in 
casks 

Ship Immediate 
laydown 
area at or 
near port 

Specialised over 
size over mass 
(OSOM) road 
transport 

Specialised lifting and truck loading 
equipment 

Purpose built heavy duty roadway, used 
exclusively for radioactive waste industry 
purposes 

Specialised truck unloading and placement 
equipment 

                                                   
12  In particular the Commission’s Tentative Findings http://nuclearrc.sa.gov.au/app/uploads/2016/02/NFCRC-Tentative-Findings.pdf and Jacobs-

MCM’s Radioactive waste storage and disposal facilities in South Australia:  Quantitative cost analysis and business case 
http://nuclearrc.sa.gov.au/app/uploads/2016/03/Jacobs-MCM.pdf  both accessed 22 March 2016 
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Material From To Method Requirements  

ILW in 
specialist 
casks or 
ISO 
shipping 
containers 

Ship Immediate 
laydown 
area at or 
near port 

Standard road 
registerable 
semitrailers or 
multi trailer 
combination 
vehicles  

Container lifting and handling equipment at 
port 

Roadway (shared with OSOM road transport 
of SF / HLW) 

Container lifting and handling equipment at 
immediate laydown area 

SF / HLW in 
casks 

Immediate 
laydown 
area 

ISF  Specialist OSOM 
road transport or 
rail, depending on 
distance 
(assumed to be a 
few kilometres), 
with no public road 
movements 

Specialised lifting and truck / train loading 
equipment 

Purpose built heavy duty roadway, or railway, 
used exclusively for radioactive waste 
industry purposes 

Specialised truck / train unloading and cask 
handling equipment 

SF / HLW in 
casks 

ISF GDF Exclusive rail Specialised cask lifting and train loading 
equipment 

Purpose built heavy duty railway, used 
exclusively for radioactive waste industry 
purposes 

Specialised train unloading and cask handling 
equipment 

ILW in 
specialist 
casks or 
shipping 
containers 

Immediate 
laydown 
area and 
ISF  

ISF and 
IDR, 
respectively 

Rail or road 
registrable trucks, 
depending on 
distance and 
locations, no 
public roads 
movements 

Specialised cask lifting and train / truck 
loading equipment 

Purpose built heavy duty railway or roadway, 
used exclusively for radioactive waste 
industry purposes 

Specialised train / truck unloading and cask 
handling equipment 

LLW in 
shipping 
casks 

ISF and 
GDF 

LLWR Road transport, 
possibly on public 
roads 

Waste packed appropriately and transported 
in standard ISO shipping containers 

Source:  Study team 

The movement patterns for the high and intermediate level wastes are shown diagrammatically in Figure 3.1, 
below.  There are also movements within the ISF and within the EF / GDF; these will have similar requirements. 
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Figure 3.1 : Radioactive waste – transportation concept. Source: Jacobs MCM 
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4. Radioactive waste transportation – key risk mitigations 

The key to safe transport of radioactive wastes is a combination of multiple layers of engineering, planning, 
legislative, procedural and guideline-focussed risk mitigation. This section describes these layers of intervention 
and how they integrate to form a robust system that brings the residual level of risk to an acceptably low level. 

4.1 Engineering factors - robust packages  

In discussions on transport safety, most attention tends to focus on the casks containing spent fuel or high-level 
waste, since the hazard potential of this category of waste is by far the highest.   

Although radioactive wastes have been transported for decades without any significant accidents, the safety of 
waste transports by road, rail and sea has been an issue of public concern in many countries. This has led to 
the IAEA issuing strict requirements on transports13 and has led also to numerous intensive studies and field 
experiments, the most recent of which have been documented comprehensively by the USNRC14. This recent 
report updates an earlier 1977 NRC report, taking into account all US and other studies completed in the 
interim. It concludes that improved methods and data have led to estimated risks around five orders of 
magnitude lower than what was published in the 1977 report. It also confirms that the essential principle 
ensuring safety is that the casks or containers in which the spent fuel or radioactive waste is placed are 
constructed to such a robust extent that they can survive virtually any conceivable incident scenario.   

4.1.1 SF and HLW 

Figure 4.1 (below) shows a typical transport container for spent fuel. These casks are loaded with spent fuel 
and sealed hermetically with bolted lids. The inset illustrates the construction of the cask walls. Using the 
example of the HI-STAR 100 transport container proposed in the SA NFCRC business case studies, the 
stainless steel cask inner shell is 6.35 cm thick, the multi-layer gamma shield surrounding this adds a total of 16 
cm of carbon steel plates and this is all surrounded by an 11 cm thick polymeric neutron shield.  

Figure 4.1 : HI-STAR 100 spent fuel cask (with inset showing typical wall construction) NUREG2125 

 

                                                   
13 IAEA Transport Regulations 
14  USNRC (2014), Spent Fuel Transportation Risk Assessment Final Report, NUREG 2125 
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4.1.2 ILW  

Figure 4.2 shows a design example from the UK for the transport of ILW. Like spent fuel casks, these are also 
highly robust containers. These ‘standard waste transport containers’ (SWTC) vary in fully laden weight from 30 
to 65 tonnes, with the most robust containers having walls of 28.5 cm thick steel15.  

 

Figure 4.2 : ILW waste container design (Sievwright et al 2004) 

4.1.3 Packaging testing regime 

Before they are licensed, transport casks for spent fuel have been subjected to detailed theoretical analysis, 
model scale tests, and full-scale tests. The full-scale tests involve: 

¶ dropping the massive casks from a height 

¶ subjecting them to intensive fires, and  

¶ submerging them in water.  

Figure 4.3 from a recent Sandia report16 illustrates these types of tests graphically.  

 

 

Figure 4.3 : Standard tests for spent fuel casks (Sandia 2004)  

The experiments are backed up by sophisticated computer modelling of all deformations to the casks that could 
result from impacts of any kind. An example is shown in Figure 4.4. 

                                                   
15 Sievwright B., et al The Development of a Type B(U) Transport Container Design in Cast and Forged Stainless Steel for the Transport of 

Immobilised Intermediate Level Waste, 14th International Symposium on the Packaging and Transportation of Radioactive Materials 
(PATRAM 2004), Berlin, Germany, September 20-24, 2004 

16 Sandia (2014), Full-Scale Accident Testing in Support of Spent Nuclear Fuel Transportation, SAND2014-17831R  
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Figure 4.4 : Computer simulation of spent fuel cask drop (NUREGF 2125) 

Dramatic full-scale tests involving fast-moving trains being driven directly into spent fuel casks have validated 
the reliability of the computer models. Figure 4.5 (below) shows how a spent fuel cask looked after being hit by 
a train travelling at 130 km/h17. Although it appears severely damaged because of the crumpling of the outer 
cooling fins, there were no releases from the cask. 

  

Figure 4.5 : LEFT - Full scale crash test; 130 km/h train hits truck with cask; RIGHT - cask dropped from height of 50m ( NAP 
2006) 

4.1.4 Conclusions from type testing 

The 2014 USNRC report mentioned above has a long list of conclusions indicating clearly the high margins of 
safety in the transport of spent fuel. Even in the most severe accidents envisaged, spent fuel casks with an 
inner welded container would release no radioactivity. For casks without an inner container, there is only about 
a one in 1 billion chance that an accident could release radioactive materials, and even then no single person 
would receive a lethal dose of radiation. Details of quantitative release calculations are given in Section 5 
(below). 

                                                   
17 Committee on Transportation of Radioactive Waste (2006), Going the Distance? The Safe Transport of Spent Nuclear Fuel and High-

Level Radioactive Waste in the United States National Research Council, http://www.nap.edu/catalog/11538.html 
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4.2 Engineered risk mitigation measures – separation of waste transportation from 
other transport and from the public 

As the SA nuclear waste facilities will be effectively ‘greenfield’ there is opportunity at the concept and design 
phases to engineer in measures to eliminate some of the known risks that apply elsewhere.  The simplest is to 
design exclusive stand-alone transport corridors on land so that all traffic is controlled by the facilities’ operator.  
Operational measures can then be put in place to eliminate movements of hazardous materials, such as oil 
wagons or LNG containers.  The stand-alone facilities should be designed as far as practical not to cross other, 
general use, traffic pathways.  This should be feasible for the short road route between the port and the ISF.  
Depending on the location of the GDF and associated facilities, it is probably necessary for the exclusive use 
rail line to cross both another railway and a major highway.  Here, detailed engineering measures can be put in 
place to minimise the possibility of impacts.  For example, crossings should not be at grade and should be 
designed so that traffic on the upper route cannot fall onto the lower one. 

Provision has been made in the costings section of the earlier Jacobs MCM report to install two barriers / fences 
with associated electronic and other systems around the main facilities, including the route from the port to the 
ISF.  Consideration should be given to doing the same along the rail route, but this may have other impacts that 
inhibit its adoption. 

If these barriers are some distance from the line then the likelihood of an ‘accurate’ missile attack is reduced but 
a detailed assessment is required to quantify this. 

4.3 Other mitigation measures – planning, legislative, procedural 

Australia boasts a comprehensive array of international and domestic agreements, policies, standards, 
regulations, procedures and agencies that act to provide a robust framework for the transportation and 
management of a range of hazardous goods, including radioactive materials.  Among these, the most relevant 
to this report is:  

ARPANSA ‘Code of Practice: Safe Transport of Radioactive Material, Radiation Protection Series, 
Publication No. 2’ (2001).   

This prescriptive publication is referenced by regulations and conditions of licence, and contains practice-
specific requirements that must be satisfied to ensure an acceptable level of safety in the transportation of 
radioactive material.    

A more complete list is shown below: 

International References  

¶ Convention on the Physical Protection of Nuclear Material (CPPNM) 

- 2005 Amendment to the CPPNM 

¶ International Convention for the Suppression of Acts of Nuclear Terrorism (ICSANT) 

¶ Convention on Nuclear Safety 

¶ UN Security Council Resolution (UNSCR) 1540 Implementation 

- UNSCR 1540 reporting 

- Extent of UNSCR 1540 implementation 

¶ International Atomic Energy Agency Regulations for the Safe Transport of Radioactive material, 1996  

Domestic References   

¶ Australian Radiation Protection and Nuclear Safety Act 1998 

¶ ARPANSA ‘Code of Practice: Safe Transport of Radioactive Material, Radiation Protection Series, 
Publication No. 2’ (2001).  
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¶ National Health and Medical Research Council (NHMRC) Recommendations for limiting exposure to 
ionizing radiation (1995) - Dose Limits  

¶ South Australian Radiation Protection and Control Act 1982 

The adequacy of these documents in the context of the future transportation of radiological waste in Australia is 
discussed in Section 9, below. 
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5. Commonly asked questions regarding transport risk events 

This section addresses a number of the most commonly asked questions about the behaviour of radioactive 
waste transport containers and the wastes themselves under severe event scenarios. These include high speed 
rail and road collisions, submergence under water, extended high intensity fire and other theoretical high 
force/high stress situations. There is a host of common misconceptions about how radioactive waste, whether 
high, intermediate or low level, behaves under such situations, and the short and long term consequences of its 
exposure to the natural environment due to either an accident or malicious intent. The following section 
describes foreseeable radiation doses to members of the public in a ‘no incident’ scenario. 

5.1 Radiological impacts of incident-free transport 

The casks used to transport the more radioactive categories of waste are heavily shielded to reduce the 
radiation exposure to people working around them to very low levels. For example, the ‘external dose rate’ of a 
typical cask used to transport spent fuel is about 0.1 milliSievert (mSv) per hour at a distance of 2 metres from 
the cask. A person would have to stand next to a cask for 24 hours to receive the equivalent of their annual 
dose from natural background radiation. The radiation dose decreases considerably the further the person is 
from the cask. 

For a cask being transported by road or rail, the radiation dose that would be received by someone standing by 
the transporter as it passed would depend on how far away they stand and how fast the truck or train is moving. 
The USNRC study18 cited extensively in the current document provides the example of someone standing 30 
metres away from a cask passing by slowly, at 24 km/h. The radiation dose received depends on the type of 
cask, but would typically be a few billionths of a Sievert – equivalent to about one minute of natural background 
exposure. In practice, it is unlikely that any member of the public would spend a significant period of time this 
close to a transport route.  This is particularly relevant to the South Australian system, which envisages a 
significant barrier zone that the public cannot enter. 

5.2 Risk of explosion 

5.2.1 Chemical explosion 

The question that is often asked is whether transported radioactive wastes subject to severe impacts and 
intense fire could cause an explosion. The simple answer is no – the wastes themselves are stable, robust solid 
materials and to all intents physically and chemically inert during transport. The materials themselves could not 
cause a chemical explosion.  

5.2.2 Nuclear explosion 

Spent fuel, which contains ‘fissile’ radioactive isotopes, is packaged for transport so that an accident, incident or 
mismanagement cannot bring together sufficient material to allow a nuclear ‘criticality’, which would generate 
high levels of radiation and heat. In its 2014 study, the USNRC observed that criticality would require three 
conditions:  

¶ an impact severe enough to have the potential to damage the cask seal (this requires an impact with a 
solid rock / concrete surface at a speed greater than about 90 km/h) 

¶ followed by immersion in water such that cask fills with water, and  

¶ requiring the spent fuel to be brought together inside the cask into a critical configuration.  

The USNRC concludes that the probability of these three conditions occurring is so small that a ‘criticality event’ 
is ‘not credible’. Furthermore, a criticality event is not the same as a nuclear explosion. An explosion requires 
concentrated fissile material (which is not present in conventional spent fuel) to be brought together 

                                                   
18 Spent Fuel Transportation Risk Assessment: Final Report. Office of Nuclear Materials Safety and Safeguards, US Nuclear Regulatory 

Commission. Report NUREG-2125, January 2014. 
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instantaneously under intense compression. A criticality event would only lead to a very short increase in the 
generation of heat and radiation, and there is absolutely no possibility that a nuclear explosion could occur. 

5.3 Risk of release of radioactivity 

Explosion not being an issue, the two main concerns with a transport accident are whether it: 

¶ could damage the structure of the cask enough to reduce the level of radiation shielding it provides, thus 
exposing people near the cask to higher levels of radiation from the cask contents than is normally 
permissible, or; 

¶ could damage the seals, or even breach a cask, allowing radioactivity to escape into the air or into water.  

With these two concerns in mind, the USNRC 2014 study of spent fuel transport casks and systems looked at 
several types of cask used for road and rail transport and a range of severe accidents. One of the main 
differences in the designs is that some hold the spent fuel in a welded internal container (this design would likely 
be preferred for an Australian system). The study finds that for this type of cask, there would be no release and 
no loss of gamma shielding effectiveness even under the most severe impacts studied, which encompass all 
historic or even realistic accidents. Some other cask types could experience some loss of gamma shielding 
effectiveness during severe impacts and some release of radioactive material could occur during exceptionally 
severe impacts. Even then, the NRC concludes that, if there were an accident during a spent fuel shipment, 
there is only about a one-in-a-billion chance that the accident would result in a release of radioactive material 
and the consequences, as described below, would not be catastrophic.  

There is often concern about the effects of fire during an accident; concerns are loss of neutron or gamma 
shielding and radioactive releases due to failure of seals. The NRC assumed in their calculations that the low-
density neutron shielding materials melted and flowed out – but that there was no major increase in the 
radiation hazard. They also found that, for the types of steel casks proposed, the risk of loss of the massive 
gamma shielding from a cask as a result of a fire is negligible and that none of the fire accidents investigated in 
their study results in a release of radioactive material due to seal failures. 

The studies examine the impact of fire on the spent fuel, the cask seals and the radiation shielding. In typical 
fires, temperatures vary in time and location from about 600 C to more than 1200 C so an evenly-applied 800 C 
is used in certification analyses, as it applies similar heating to an actual fire. Simulations conservatively 
replicate a situation where all the fuel from a rail or road tanker pools around a cask without draining away and 
burns until exhausted, engulfing the cask in the fire. This is considered a probable worst case scenario.  The 
analysis found that the fuel rods would not burst and the seal would remain intact, preventing any releases of 
radioactivity. 

5.3.1 So, what are the radiological consequences if there is no leak? 

As seen above, effectively all potential accidents result in no loss of shielding and no release of radioactivity. 
But they would stop the movement of a shipment, they would involve conventional emergency response and 
they would require the situation to be recovered by removing damaged casks. Consequently, people would be 
working around casks for several hours, possibly over a period of one or more days, depending on how difficult 
it is to move casks onto replacement vehicles.  

Exposure to radiation incident response workers (cask intact) 

The NRC evaluation looked at radiation doses to emergency responders, assuming that individual responders 
would be working around the accident scene for 10 hours, at an average of 5 metres from a cask. In practice, it 
is unlikely that this would occur. The radiation doses calculated are relatively small, around 1 mSv, which is 
1/50th of the maximum annual dose permitted for a worker in the nuclear industry (about a week’s exposure).  

Exposure to passing (shielded) radioactive transport  

Under normal operations, a person standing 10 metres from a passing spent fuel transport train or truck 
travelling by at 20 km/hr, would receive a radiation dose of about 0.025 microSv (or 0.000025 mSv), one forty-
thousandth of this value. Put another way, a person would have to stand right next to ten such transports a day 
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for a whole year before they began to approach the recommended radiation dose limit for members of the 
public.  

 

 

Figure 5.1 : Comparative radiation doses (Image Source: Jacobs) 

5.3.2 Worst case scenarios 

If any release of radioactivity were to occur from a spent fuel cask, it would be through a damaged seal, as no 
accident scenario perforates the cask itself, so we need to consider what might actually be able to get out 
through damaged cask seals.  

Spent nuclear fuel, the most radioactive of the wastes considered, comprises rods or pellets of uranium metal or 
ceramic inside long metal tubes, connected together in a grid pattern (a ‘fuel assembly’). When the fuel has 
been used, the tubes and the spaces between the pellets contain some inert radioactive gas (helium, krypton, 
xenon) and accumulations of more volatile radionuclides that have formed during the nuclear reaction. It is 
these radionuclides that might be released in the event of a cask seal failure, along with any fine particles of 
dust from the partial degradation of the fuel and the assemblies (for example, during a high impact accident). In 
order for there to be any release, the tubes containing the fuel would have to fracture in the accident so that 
their internal gas pressure forces material out through the damaged cask seal. Scientists are therefore 
concerned to test and evaluate how radioactive gases and very fine particulate matter might escape from a cask 
into the air and affect people nearby. However, only a tiny part of the spent fuel and the volatile radionuclides (a 
few parts in a hundred thousand) would be able to escape: the largest part of the radioactivity will remain in the 
spent fuel, inside the cask. 

The 2014 NRC study calculated radiation doses to a ‘maximally exposed individual’ – a hypothetical person who 
is assumed to be located at the point of highest concentration of potentially released radioactive material (about 
20 metres from the cask) for a period of 10 hours. The estimated dose from inhaling airborne radioactivity is 1.6 
Sv, which, although it would not cause acute illness or death, is nevertheless a serious radiation exposure, with 
around a 10% risk of significant health detriment. It is highly improbable that anyone would be so close to the 
accident scene for so long when a leak is detected. Members of the public would not be permitted to be nearby 
and emergency responders would take appropriate radiation protection precautions.   

‘Worst case’ contamination case study – loss of cask seals on land 

A 2001 Swiss study19 reported ‘worst case’ effective inhalation radiation doses to people located 100 metres 
away from a cask with two failed seals to be about 2.4 mSv in the year after an accident (about the same as 
natural background radiation) and 0.3 mSv for people located 500 metres away. The same study also 
considered releases that could occur from a burning ship in harbour and reports average doses to local people 
of 0.5 mSv. As we have seen from the NRC study, the probability of such releases ever occurring is vanishingly 
small.  

                                                   
19 Tunaboylu, K., Playfair, A. and Mariapillai, N. (2001). Waste Transport and Public Safety. Pangea Technical Report PTR-01-03, Pangea Resource 

International, Baden, Switzerland. 




































































