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ABSTRACT 
Imperial College London (IC) operates commercially a 100 kW research reactor, and as site 
licensee is responsible for funding both operations and eventual decommissioning.  With 
long lead times ahead urgent decisions on the future business options have had to be made 
in 2004/5 including choices on whether to move to early decommissioning, recognising the 
high costs entailed, or to pursue continuing operations involving life extension measures 
such as refuelling.  
To develop a coherent overall approach strategy a financial risk driven programme was 
initiated to help define a robust transparent business and termination case for the reactor. 
This study was carried out in collaboration with a UK firm of financial risk experts, PURE 
Risk Management Ltd (PURE), working within a dedicated IC London reactor project 
team. This work evaluated immediate closure options due to financial constraints or life 
limiting failures, and options for continuing operation extending to 2028. Decommissioning 
and clean up were reviewed. Bespoke financial models created single value cost outputs 
and ranges of probabilistic net present values (NPV) for decommissioning costs and 
financial provisions to meet those costs at various levels of risk acceptance and regulatory 
compliance.  

 
 
1.  Introduction 
 
Many changes have occurred to the UK nuclear industry over the past 15 years. Nuclear research 
groups have closed, fast reactor programmes ceased, and the United Kingdom Atomic Energy 
Authority (UKAEA) changed emphasis to decommissioning.  However, there is now at least some 
understanding that more investment is required in nuclear skills at all academic levels. Unfortunately, 
requirements for research reactors in this programme are not seen as the highest priority. Most UK 
research reactors and associated facilities have now closed.  In 1997, the 100 kW CONSORT pool-
type reactor [1] became the last civil nuclear research reactor surviving in the UK.  The Reactor 
provides a research tool to IC and other UK research establishments and has an important commercial 
role in providing services to a wider market such as environmental analysis, isotope production 
(including essential provision for the national measurements system of primary standards), fission 
chamber power measurement calibration (supporting 16% of all UK energy generation), 
pharmaceutical development and medical analysis (supporting development of better drugs across the 
world). The Centre currently also provides nuclear engineering training to Mechanical Engineering 
undergraduates, postgraduates at three other UK educational establishments, the Health and Safety 
Executive, and others, such as (in 2003) the Russian nuclear safety regulator. This places IC is in an 
unrivalled position in the UK, and because of the customer base, before a decision is made to move to 
decommissioning, the transition will have to be handled with the care to preserve IC’s reputation. 
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Despite the above, IC has identified that the Reactor is not core to its current research and teaching 
activities. This leaves IC facing a stark choice -  refuel in 2008-10 and continue business operations, or  
plan for earlier decommissioning. There are commercial considerations.  The Reactor  currently costs 
c. £600K per annum to operate - partly funded by providing commercial services to third parties. 
Despite every effort to close the revenue/costs the annual income  is only c. £200K. The £400K deficit 
is met from College resources and is now considered unsustainable. Life extension refuelling would 
cost in the order of £1M and needs business justification. Other factors are that IC, as licensee, is 
legally obliged to pay for the decommissioning, demolition, cleanup and disposal  an operation that 
will take some 4-5 years to complete. Cost estimates of £6.5-8M have been made. Part of PURE 
financial risk based objectives was refinement of these figures  to demonstrate  an understanding of the 
business impact and other risks on decommissioning strategy.  
 
2. Influence of UK regulation  
 
The Conditions of the 1994 Nuclear Site Licence granted by the UK safety regulator, the Nuclear 
Installations Inspectorate (NII) of the Health and Safety Executive (HSE) requires IC to develop and 
enhance QA documentation related to all lifetime phases including decommissioning. Although it is 
recognised that the low power and low overall source term of CONSORT make it a special case, it 
nevertheless operates under the same 36 Site Licence Conditions (SLCs) as all other UK nuclear 
installations including BNFL Sellafield. Under approved arrangements [2] for the SLCs, detailed 
arrangements for SLC35 on Decommissioning are not required for this relatively low-hazard plant. 
Any work, which is done during the operational phase, is covered under arrangements for SLC 22 
(Modifications). Radioactive discharges for operations and decommissioning are regulated by a 
separate agency called the Environment Agency (EA). 
 
3. Decommissioning planning  
 
CONSORT is not unique in attempting detailed decommissioning planning and financial assessment. 
In UK law, there are a number of reasons why a proactive approach many years before ultimate 
shutdown, is adopted. The experience of CONSORT is illustrative. 
 
In 1999, Imperial College undertook a Periodic Review of Safety (PSR),  required by the NII every 10 
years, and by following College internally imposed  arrangements [2]. The latter  followed the format 
and recommendations of IAEA’s guidelines on Safety Assessment of Research Reactors and 
Preparation of the Safety Analysis Report [3].   Chapter 19 of the PSR report required an assessment 
of decommissioning plans. In addition, UK regulation places a number of Safety Assessment 
Principles (SAPs) [4], which are not relevant for this paper, except that of course, that safety and 
financial impact are  interlinked.  Pre-decommissioning strategy documentation is also required under 
a UK Government White Paper “Quinquennial Review of waste management on Nuclear Licensed 
Sites” [5] which requests operators to draw up strategies for the decommissioning of their redundant 
plant, including justification of the timetables proposed and the adequacy of the financial provision.  
Government policy is for HSE, in consultation with the EA, to review these strategies on a 5-yearly 
basis to ensure they remain soundly based.  HSE aims to assess the proposed decommissioning 
strategy to determine whether it is adequately comprehensive, technically practicable and 
appropriately timed.  In particular it considers whether the strategy is consistent with Government 
policy that ‘decommissioning should be undertaken as soon as it is reasonably practicable to do so, 
taking account of all relevant factors’, and also that the ‘hazards presented by the plant (or site) are 
reduced in a systematic and progressive way’.  It also considers whether arrangements are in place to 
quantify the costs of decommissioning and to make available funds to undertake the work to the 
proposed timescales in order to assess ‘the adequacy of the financial provision being made to 
implement the strategy’.   
 
IC document [2] gave an overview of the facility and its operational activities, described the (then 
current) broad plans for decommissioning the reactor in 25 years time. This report described safety 
and management regimes expected for the decommissioning phase of the reactor, disposal routes for 
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radwaste, and gave the best-estimate time scales for decommissioning and associated threats to such 
timescales. At the previous issue. it was not aimed to provide the detailed technical assessment, which 
will be done when the decision to plan decommissioning on a short-term horizon is made. Financial 
discussions , together with some confidential aspects of radwaste disposal planning, were located in 
separate confidential Appendices. It is recognised that this document will go into more detail about 
what decommissioning will mean for IC at next issue.  A subsequent 2002 report set out the findings 
of a review of this decommissioning strategy by NII, in consultation with the EA.   
 
HSE concluded in 2002 that cost estimates prepared by IC were indicative values based on its 
knowledge of recent decommissioning projects at other research reactors.  HSE believed that IC has a 
broad understanding of the magnitude of its decommissioning costs but supports its undertaking to 
refine the estimates.  IC has noted a contingent liability in its accounts and was considering how to 
translate this into a firm financial provision.  HSE believed that IC’s financial position gives 
confidence that decommissioning can be taken forward on shorter timescales if necessary.  
 
4. Other drivers for decommissioning planning  
 
Cost estimates of £6.5-8M had been made, but refinement was required, to include an understanding 
of the impact of business risks. An initial contract was placed in 2002 to determine the true costs of 
decommissioning, and break those down into work streams and cost the streams accordingly, to meet 
the HSE requirements. These confirmed that there were a significant number of items that were 
outside of IC’s control, and that had a significant ability to increase costs from a best estimate figure at 
the lower end of this range.  A small risk register was created at this stage. 

IC is investigating the options for managing the spent reactor fuel, for which no UK options exist, 
other fissile material, and intermediate level waste that will need to be transferred off the site and the 
destination for this material needs to be established.  In addition, decommissioning will generate low-
level radioactive waste, and Imperial College will need to ensure that there is an authorised disposal 
route for this material. There are many uncertainties associated with these areas that have the potential 
to impact the overall costs. A way of assessing the impact on costs was sought.   

Early in 2004 IC agreed that the impact of financial risks on future business operations and overall 
termination strategy was essential to help identify the best strategic option and level of costs involved 
to deliver that option top the satisfaction of shareholders, regulators and other stakeholders. 

 

5. The 2004 review of financial cost / Financial risk of nuclear business services and 
operations and a refuelling and decommissioning strategy for consort  

 
CONSORT financial risks affecting 5 strategic options each with full plant decommissioning were 
identified and probabilistically modelled. This required creation of a comprehensive risk register that  
described key income and cost components of the business model. In addition a further 4 strategic 
options were assessed using a ‘no refuelling’ condition. Dynamic model outputs delivered Net Present 
Value forecasts at a 3% discount rate. Least cost strategic options were assessed. A decommissioning 
module delivered cost distributions, and enabled annual financial provisions necessary to meet those 
costs to be calculated. From these results College senior management were able to assess a range of 
see acceptable costs figures consistent with acceptable risk management, financial accounting and 
insurance standards. Financial models are highly flexible and transparent. Insights provided critical 
risk information that could lead to unplanned decommissioning occurrence.  
 
The PURE/ICRC project led to 3 key findings essential to ICRC CONSORT reactor planning:  
 
• A general strategy with no refuelling and efficiency improvement through additional cooling and 

optimisation is shown to be financially dominant  
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• A mid-term planned closing date of 2017 is shown to give the best net present value consistent with 
income assumptions (from ICRC business and external funding opportunities for 
decommissioning) and technical life of the reactor with cooling; the approach is flexible, subject to 
review of assumptions  

• An improved basis for covering the costs of decommissioning has been presented, through a 
rationale for provisioning for planned decommissioning which has been agreed with the Imperial 
College London auditors, and a risk model being used in discussions with potential nuclear insurers 
to cover further identified and quantified financial risks related to closure earlier than planned 

 
6. Risk Register & risk mitigation 
 
A comprehensive risk register was created with 130 separate defined risks. 70 risks were operational 
risks and 60 risks associated with the business plan which are probability-based input variables and 
added to the deterministic model using CrystalBall® software to create a stochastic, risk based model. 
 
Four risks defined by the Risk Register and the modelling runs could cause early unplanned 
decommissioning. These risks have low probabilities of occurrence. But if they do occur, earlier 
decommissioning will be inevitable, without sufficient opportunity to fully provision for 
decommissioning costs. These risks are: loss of licence; significant accident; safety case obsolescence, 
and ‘Green’ pressures leading to early closure. ICRC is mitigating these risks. 
 
7. Main findings of the financial risk assessment 
 
The overall conclusions and commentary are as follows: 
• A robust strategy for the CONSORT reactor is to continue commercial operations, not to consider 

refuelling as an option, to investigate the use of artificial cooling and optimisation to improve 
reactor operational reliability, and to plan to decommission in the mid term, beginning around 
2017. 

• Decommissioning costs for a target date of 2017 and the financial provisions required to fund them 
at the 50 percentile expected cost are approximately £8.0 million in 2004 pounds.  This assumes the 
decommissioning would be completed in 2021.  Annual provisioning to meet this figure is 
approximately £400K based on an expected net fund growth rate of 3%.  Provisioning up to the 
65% level of the cost distribution would require an annual set aside of £412K. 

• The cost of decommissioning will be accounted for by provisioning in Imperial College London 
annual accounts.  The basis for this provision will be reportable to the external auditors and HSE 
(NII). 

• Immediate closure in 2007 does not appear to be viable.  There is a difficulty obtaining timely 
regulatory approval for such action (e.g. safety cases).  Outstanding issues of intermediate level 
waste (ILW) management and spent fuel reprocessing will not be resolved in the short-term and 
these are in any case outside the control of Imperial College London.  Early closure will not permit 
time to build up a reasonable decommissioning fund, nor to resolve possible funding from the 
NDA. 

• A critical issue to any of the options studied is the ability of the business plan to deliver the 
revenues upon which the plan was predicated.  Adoption of a mid-term option as foreseen will 
provide an opportunity to test if these revenues develop.  A mid-course correction can be 
considered if revenues develop differently.  The business plan projects operational surpluses which, 
if achieved, could make selection of a later date for decommissioning appropriate. 

• A mid-term option also allows time to see if the potential benefits of funding liability externally by 
the Nuclear Decommissioning Authority (NDA) can be developed.  The expected value of partial 
external funding distribution anticipated contribution of approximately £3 million.  It should be 
noted that the distribution has a wide range, from zero to 100% of external funding.  For Imperial 
College London accounting purposes no NDA assistance was assumed. 

• The 2017 decommissioning strategy is based on planned closure.  External insurance and/or self-
insurance need to be considered to cover the risk of premature closure and enforced earlier 
decommissioning. At best, insurance will only cover fortuitous mechanical events. 
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• In addition, two alternative strategies for no refuelling with cooling were evaluated.  These had 
decommissioning start dates of 2012 and 2028, with their own decommissioning costs and 
provisions. 

 
8. Conclusions - How Imperial College interpreted the assessment 
 
In January 2005, the Management Board (MB) concluded that immediate closure in 2005-2007 does 
not indeed appear to be viable due to factors outside of its control.  The MB noted that the 2017 
decommissioning strategy is based on planned closure, and represented lowest Net Present Value cost 
to IC. The closure date for the purposes of provisioning for the 2003/4 financial accounts was brought 
forward from 2028 to 2017.  However, they also identified that the Reactor is not core to its current 
research and teaching activities, and accepted a recommendation that the most appropriate option was 
to develop an exit strategy – a pre-decommissioning planning project – over the next three years, so 
that IC could finally shutdown in 2008, if it chose to do so. 
 
The model sensitivity to the business plan to deliver revenues has led to significant efforts to engage 
external users of the Reactor to secure additional funding in recognition of the strategic uses they 
make of the Reactor. In this regard stakeholders have asked to see an independent assessment of the 
business case before deciding to invest. The financial analysis described has been crucial in 
influencing stakeholders that the reactor will likely close if support is not given. A recommendation 
has now been made to support the development of a Supporters’ Club, albeit in parallel to 
development of an early exit strategy into decommissioning. Initial indications are that Supporters will 
provide a significant proportion of the £500K IC is seeking to realise for 2005/6. 
 
Subject to the business case developing in line with the plans for the Supporters’ Club and 
improvements to the business portfolio, IC will undertake an annual review on the Reactor Centre’s 
financial performance and its progress on decommissioning preparations. It is now up to the 
Supporters to persuade IC to keep the Reactor open for the provision of the services they need. Users 
will note that failure to form a successful Supporters’ Club will mean the loss of a unique facility. 
 
The bespoke financial model produced is flexible and has been delivered on CD-ROM. The model 
will therefore be re-run by IC to examine the impact of future change or data refinement. Review of 
the assumptions and outcomes of the model will be undertaken annually. The no-refuelling options 
recommended do not preclude decisions to close the reactor earlier than planned if the business plan 
does not deliver sufficient income.  However, closure earlier than planned would leave a shortfall in 
provisioning which would need to be met in the four to five years following an early closure decision. 
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