
Climate Impact
UK Nuclear Military

nuclear
consulting
group



 

 

 

 

 

 

 

 

 

 

Nuclear Consulting Group  

The Nuclear Consulting Group, launched in 2007, is an independent, non-profit 
virtual institute providing expert research and analysis of nuclear issues. 
Through publication and discussion, NCG encourages debate and informs 
people and policy on this critical power arena. https://www.nuclearconsult.com  

Author  

Dr Paul Dorfman is Honorary Senior Research Associate, UCL Energy Institute, 
University College London; Founder and Chair of the Nuclear Consulting Group; 
Member of the Irish Government Environment Protection Agency Radiation 
Protection Advisory Committee; Member of the International Nuclear Risk 
Assessment Group; Greenpeace Environmental Trust Nuclear Policy Researcher. 
He served as Secretary to the UK Government scientific advisory Committee 
Examining Radiation Risks from Internal Emitters; led the European Environment 
Agency response to Fukushima; served as Advisor to the UK Ministry of Defence 
Nuclear Submarine Dismantling Project; Advisor to the French Government on 
Technical and Economic Aspects of Decommissioning the French Nuclear 
Reactor Fleet; and Expert to the European Economic and Social Committee 
European Energy Dialogue. 



 

Executive Summary  

As if we already didn’t know, climate change is here, now. Widespread wild-fire 
and flooding has focused minds on the recent Intergovernmental Panel on 
Climate Change (IPPC) report which, perhaps unsurprisingly, confirms that as the 
world heats, ice stored at the poles and in glaciers melt and sea levels rise.  

Put simply, sea-level rise is significantly faster than previously thought. 
Meanwhile, predicted changes to storm patterns affecting both ‘storm surge’ 
and river flow will produce ‘combined hazards’, making current flood mitigation 
efforts increasingly obsolete. 

Deploying representative sea-level projections closely aligned with only 
conservative IPCC findings and based on only median sea-level projections; this 
report provides sets of annual flood risk maps for the year 2050 at nine nuclear 
military installations: HM Naval Base Faslane, Rosyth Dockyard, RN Armaments 
Depot Coulport, HM Naval Base Devonport, BAE Systems Barrow, AWE 
Aldermaston, AWE Burghfield, Sellafield Ltd, and Rolls Royce Marine Power 
Operations Raynesway. 

These flood risk maps represent plausible threat indicators requiring deeper 
investigation. Not least because the underpinning analysis is based on 
significantly improved coastal elevation, ocean thermal expansion, ice sheet 
melt, and land motion data – hence, good estimates of sea-level rise induced 
climate impact to nuclear infrastructure. That said, since the maps are not based 
on physical storm and flood simulations, risk from extreme flood events may be 
greater – as erosion, frequency and intensity of storms, storm surge and inland 
flooding haven’t been taken into consideration. In other words, these flood risk 
projection maps may prove an underestimation. 

Key findings: 

• Present UK coastal military nuclear infrastructure is profoundly vulnerable 
to flooding from sea-level rise, storm intensity and storm surge – with 
inland nuclear facilities also facing inundation and flooding.  

• Ministry of Defence and nuclear regulatory mitigation efforts will become 
obsolete, and sooner than planned.  

• Climate impact to nuclear will inevitably involve very significant expense 
for UK nuclear military installation operation, waste management, 
decommissioning, relocation or abandonment. 

• In other words, UK nuclear military bases are set to flood. 
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1. Climate Change is Here, Now 

Flooding in the UK, across Europe and world-wide has focused minds on the 
recent Intergovernmental Panel on Climate Change (IPPC) report1 which, 
perhaps unsurprisingly, confirms that as the world heats, ice stored at the poles 
and in glaciers melt and sea levels rise. This means that the planet will see a very 
significant rise in sea-level, resulting in ramping annual coastal and inland 
flooding.2  

Climate-induced changes in flood frequency mean that extreme events today 
will become the norm in the future,3 with coastal flooding frequency estimated 
to increase by a factor of between 10 and more than 100 in many European 
locations.4  

Meanwhile, satellite data shows the Greenland Ice Sheet has lost a record 
amount of ice, equivalent to a million tons per minute, imperiling coasts and 
coastal populations.5 And the Antarctic (where more than half of Earth’s 
freshwater resources are held, representing by far the largest potential source 
for global sea-level rise under future warming conditions) is also threatened – 
with the likelihood that its long-term sea-level contribution will dramatically 
exceed that of other sources.6 New data from the Blue Ice Field finds the West 
Antarctic Ice Sheet is close to a tipping point, even if the goals of the Paris 

                                                
1 IPCC, 2021: Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth 
Assessment Report of the Intergovernmental Panel on Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, 
S. L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, 
J. B. R. Matthews, T. K. Maycock, T. Waterfield, O. Yelekçi, R. Yu and B. Zhou (eds.)]. Cambridge University 
Press. In Press.  
 
2 Shepherd A., Ivins E., Rignot, E., Smith, Ben et al. (2020): Mass balance of the Greenland Ice Sheet from 

 
2 Shepherd A., Ivins E., Rignot, E., Smith, Ben et al. (2020): Mass balance of the Greenland Ice Sheet from 
1992 to 2018, Nature. 579 (7798): 233–239. https://www.nature.com/articles/s41586-019-1855-2 
 
3 Tebaldi, C., Ranasinghe, R., Vousdoukas, M. et al. (2021): Extreme sea levels at different global warming 
levels. Nat. Clim. Chang. 11, 746–751 (2021). https://doi.org/10.1038/s41558-021-01127-1 

4 European Environment Agency (EEA) (2020): Climate Change Impacts in Europe, EEA, Feb 2020. 
https://experience.arcgis.com/experience/5f6596de6c4445a58aec956532b9813d 

5 Sasgen I., Wouters B., Gardner A.S., et al. (2020): Return to rapid ice loss in Greenland and record loss in 
2019 detected by the GRACE-FO satellites. Commun Earth Environ 1, 8 (2020). 
https://doi.org/10.1038/s43247-020-0010-1 

6 Garbe J., Albrecht T., Levermann A., et al. (2020): The Hysteresis of the Antarctic Ice Sheet, 538 | Nature | 
Vol 585 | 24 September 2020. https://www.nature.com/articles/s41586-020-2727-5.epdf 
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Climate Agreement are met.7 Equally, since early-warning signals of Gulf Stream 
disruption thresholds are becoming apparent,8 we risk a further significant 
tipping point.9 

Put simply, current fundamental scientific knowledge of climate sensitivity and 
polar ice melt concludes that sea-level rise is significantly faster than previously 
thought and will exceed between 110  and 2 meters11 well within the 21st century.  

1.1 Storm Surge 

This sea-level rise will cause significant modifications in high tide and wave set-
up, involving near-shore tide-surges.12  Since coastal areas epitomise ‘at risk’ 
territory,13 knowledge of coastal change from mean sea-level variability, tide, 
atmospheric surge and wave set-up are critical for coastal flooding 
assessment.14 

  

                                                
7 Levermann A., Winkelmann R., Albrecht T., et al. (2020): Projecting Antarctica's contribution to future sea 
level rise from basal ice shelf melt using linear response functions of 16 ice sheet models (LARMIP-2), Earth 
Syst. Dynam., 11, 35–76. DOI: 10.5194/esd-11-35-2020. https://www.earth-syst-dynam.net/11/35/2020/ 

8 Boers, N. (20210: Observation-based early-warning signals for a collapse of the Atlantic Meridional 
Overturning Circulation. Nat. Clim. Chang. 11, 680–688 2021. https://doi.org/10.1038/s41558-021-01097-4 
 
9 Pierini, S., Ghil, M. (2021): Tipping points induced by parameter drift in an excitable ocean model.Sci 
Rep 11, 11126, 2021. https://doi.org/10.1038/s41598-021-90138-1 

10 Horton B.P., Khan N.S., Cahill N., et al. (2020): Estimating global mean sea-level rise and its uncertainies by 
2100 and 2300 from an expert survey. Clim Atmos Sci 3, 18. https://doi.org/10.1038/s41612-020-0121-5  

11 Kulp S.A., Strauss B.H. (2019): New elevation data triple estimates of global vulnerability to sea-level rise 
and coastal flooding. Nat Commun 10, 4844, 2019. https://doi.org/10.1038/s41467-019-12808-z 
 
12 Idier D., Bertin X., Thompson P., & Pickering M. (2020): Interactions Between Mean Sea Level, Tide, Surge, 
Waves and Flooding: Mechanisms and Contributions to Sea Level Variations at the Coast. Surveys in 
Geophysics, Springer Verlag. https://hal-brgm.archives-ouvertes.fr/hal-02167224/document 
 
13 Donovan B., Horsburgh K, Ball T., & Westbrook G. (2013): Impacts of climate change on coastal flooding, 
MCCIP Science Review 2013: 211-218. 
http://www.mccip.org.uk/media/1279/2013arc_sciencereview_22_cf_final.pdf 
 
14 Edwards T. (2017): Future of the Sea: Current and Future Impacts of Sea Level Rise on the UK, Foresight: 
Government Office for Science. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attach 
ment_data/file/663885/Future_of_the_sea_-_sea_level_rise.pdf 
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Whilst rising sea-levels are key, near-term risk will come from ‘storm surge’ – 
where climate-driven storms combine with strong winds and low atmospheric 
pressure, bringing about a temporary and localised increase in sea-level.15  

In other words, it’s not just the height of the rise in sea-level that’s important, it’s 
also the increase in storm surge. And as the Global Extreme Sea-Level Analysis 
project notes,16 the magnitude and frequency of extreme sea-levels (a factor of 
mean sea-level, tide and storm-induced increase) which cause storm surge and 
catastrophic flooding, has accelerated world-wide.17  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                
15 Storm surge is sea water pushed toward the shore by the force of storm winds. This advancing surge 
combines with normal tides to create a storm tide, which can increase the mean water level by up to 4 
meters. In addition, wind-driven waves can be superimposed on the storm tide, causing further risk. 
 
16 British Oceanographic Data Centre (2018): GESLA (Global Extreme Sea Level Analysis) high frequency sea 
level dataset – Version 2. https://data-
search.nerc.ac.uk:443/geonetwork/srv/api/records/19e0ccbf8e575a139b7b70a6e875ef8b 
 
17 Kirezci E., Young I.R., Ranasinghe R. et al. (2020): Projections of global-scale extreme sea levels and 
resulting episodic coastal flooding over the 21st Century. Sci Rep 10, 11629 (2020). 
https://doi.org/10.1038/s41598-020-67736-6 
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2. UK Climate Impact  

Rising sea levels, changing rainfall and extreme temperatures have been 
forecast in the UK Climate Change Risk Assessment Report,18 with flooding 
expected to be one of the most important risks to people, communities, and 
infrastructure.19  

The Chair of the UK Environment Agency (EA) recently said that even we if reach 
net zero by 2050, summer temperatures are set to be up to 7.4˚C hotter, there 
will be 59% more winter rainfall, and once-a-century sea-level events are to be 
expected on an annual basis.20 Perhaps disconcertingly, whilst preparing for a 
2°C rise in global temperatures, the EA are also planning for a potential 4°C rise 
by 2100.21 

Similarly, a set of detailed European Environment Agency (EEA) maps emphasise 
the scale of climate impact that the EU and the UK will face if urgent action isn’t 
taken to confront global heating,22 suggesting an upper bound for global mean 
sea-level rise in the range of 1.5 to 2.5 metres – significantly increasing coastal 
flooding.23   

                                                
18 HM Government (2017): UK Climate Change Risk Assessment, HMG, 2017.  
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/584281
/uk-climate-change-risk-assess-2017.pdf 
 
19 Kovats R., Osborn D. (2016) UK Climate Change Risk Assessment 2017: Evidence Report. Chapter 5: 
People & the built environment.Adaptation Sub-Committee of the Committee on Climate Change: London, 
UK. https://discovery.ucl.ac.uk/id/eprint/1564649/ 

20 Boyd H.E. (Chair of the Environment Agency) (2020): Climate change and water: Are we doing enough, fast 
enough? Speech to the Institute of Water, Nov 2020. https://www.gov.uk/government/speeches/climate-
change-and-water-are-we-doing-enough-fast-enough--2 

21 Environment Agency (EA) (2020): National Flood and Coastal Erosion Risk Management Strategy for 
England, Policy paper, EA, Sept. 2020. https://www.gov.uk/government/publications/national-flood-and-
coastal-erosion-risk-management-strategy-for-england--2 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/920944
/023_15482_Environment_agency_digitalAW_Strategy.pdf 

22 European Environment Agency (EEA) (2020): Climate Change Impacts in Europe, EEA, Feb 2020. 
https://experience.arcgis.com/experience/5f6596de6c4445a58aec956532b9813d 

23 Rankin J. (2020): Fires and floods: maps of Europe predict scale of climate catastrophe: Without urgent 
action, rising sea levels by end of century could leave cities under water, The Guardian, 2020. 
https://www.theguardian.com/environment/2020/feb/10/fires-floods-maps-europe-climate-catastrophe 
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2.1 The Front-Line  

Because UK nuclear military installations began operation well before global 
heating was considered in design or construction, near-term climate change risk 
to nuclear is very great.24 UK nuclear military installations are on the front-line of 
climate change.  

Climate change may well impact nuclear earlier and harder than MOD, 
government or regulatory bodies expect,25 and efforts to mitigate risk will mean 
significantly increased expense for operation, and decommissioning.26 And since 
coastal nuclear military facilities are vulnerable to unanticipated environmental 
events,27 climate-driven extreme weather is set to create significant risk to on-
site high, medium, and low-level nuclear military waste stockpiles.28  

Given the shared nature of the risks involved, a short review of climate impact 
on U.S. military installations may help focus minds.   

2.2 Pentagon Papers 

Whilst the U.S. Quadrennial Defense Review provides a baseline assessment and 
serves as a starting point,29 more recent U.S. Department of Defense (DOD) 
reports on climate change threat to military installations (whilst delivering a 

                                                
24 Anderson J. (2019): Nuclear plant climate change risk assessment, action plans needed: researchers, S&P 
Platts, 2019. https://www.spglobal.com/platts/en/market-insights/latest-news/electric-power/111219-
nuclear-plant-climate- change-risk-assessment-action-plans-needed-researchers 
 
25 Nerem R.S., Beckley B.D., Fasullo J.T., et al. (2018): Climate-change–driven accelerated sea-level rise, 
Proceedings of the National Academy of Sciences Feb 2018, 115 (9) 2022-2025; DOI: 
10.1073/pnas.1717312115. 
https://www.pnas.org/content/115/9/2022 
 
26 Kopytko N. & Perkins J. (2011): Climate change, nuclear power, and the adaptation–mitigation dilemma, 
Energy Policy, Volume 39, Issue 1, pp. 318-333. Jan 2011,  
https://www.sciencedirect.com/science/article/abs/pii/S0301421510007329 
 
27 Jenkins M.J., Alvarez R., & Jordaan S.M. (2020): Unmanaged climate risks to spent fuel from U.S. nuclear 
power plants: The case of sea-level rise, Energy Policy, Vol 137, Feb 2020. 
https://www.sciencedirect.com/science/article/abs/pii/S0301421519306937#! 

28 Climate State (2015): The impacts of sea-level rise on nuclear power plants, Climate State, 2015. 
http://climatestate.com/2015/05/19/the-impacts-of-sea-level-rise-on-nuclear-power- stations/ 

29 Gates R.M. (Secretary of Defense) (2010): Quadrennial Defense Review, Department of Defense, 
Washington, D.C., National Academy of Sciences, Feb 2010. 
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deeper insight)30,31 also suggest that U.S. is unprepared for the national security 
implications of climate change-induced challenges.32 For example, the Pentagon 
reports that 79 military bases will be affected by rising sea-levels and frequent 
flooding, including 23 nuclear installations, strategic radar stations, nuclear 
command centers, missile test ranges, and ballistic missile defense sites (7 of 
which store nuclear weapons onsite).33 

And this has played out in real-time when the nerve center of the U.S. nuclear 
deterrent was submerged by flood water, with recovery of the base to cost over 
$1 billion.34 Unsurprisingly, the U.S Army War College now state that due to 
climate impact the U.S military must consider fundamental changes in doctrine, 
organization, and equipping. And, perhaps incredibly, the Pentagon has recently 
reported that the U.S. military itself risks collapse over the next two decades due 
to the cumulative effect of climate impact.35 It’s even more unsettling to note 
that the senior U.S. government officials who wrote the report are from several 
key agencies including the Army, Defense Intelligence Agency and NASA – with 
the Pentagon stating that, based on recent peer-reviewed scientific literature, 
the U.S. Department of Navy expects up to 2 meter global average sea-level rise 
by 2100, with projections for local flood risk and storm surge proving much 
larger.36  

                                                
30 U.S. Congress (2018): H.R.2810 – National Defense Authorization Act for Fiscal Year 2018,115th Congress 
(2017-2018). 
https://www.congress.gov/bill/115th-congress/house-bill/2810/text. 
 
31 US Department of Defense (DOD) (2020): Actions Needed to Ensure DOD Considers Climate Risks to 
Contractors as Part of Acquisition, Supply, and Risk Assessment, DOD, June 2020. 
https://www.warren.senate.gov/imo/media/doc/climate%20change%20contractors%20report.pdf 
 
32 Roblin S. (2020): The U.S. military is terrified of climate change. It's done more damage than Iranian 
missiles, Think, 2020. https://www.nbcnews.com/think/opinion/u-s-military-terrified-climate-change-it-s-
done-more-ncna1240484 
 
33 U.S. Department of Defence (DOD) (2019): Report on Effects of a Changing Climate to the Department of 
Defense, Office of the Under Secretary of Defense for Acquisition and Sustainment As required by Section 
335 of the National Defense Authorization Act for Fiscal Year 2018 (Public Law 115-91), Jan 2019. 
https://partner-mco-archive.s3.amazonaws.com/client_files/1547826612.pdf 

34 Korda M. (2020): The U.S. Nuclear Deterrent Is Not Prepared For Climate Catastrophe, Forbes, Mar 2020. 
https://www.forbes.com/sites/matthewkorda/2020/03/16/the-us-nuclear-deterrent-is-not-prepared-for-
climate-catastrophe/ 

35 United States Army War College (2019): Implications of Climate Change for the U.S. Army, 2019. 
https://climateandsecurity.files.wordpress.com/2019/07/implications-of-climate-change-for-us-army_army-
war- college_2019.pdf 

36 U.S. Department of Defence (DOD) (2019): ibid. 



Climate Change UK Nuclear Military 
 

7 

Similarly, the U.S. Army War College states that nuclear facilities are at ‘high risk’ 
of temporary or permanent closure due to climate threats – with 60% of U.S 
nuclear capacity vulnerable to major risks including sea-level rise and severe 
storms.37  

2.3 Climate Threat Multipliers  
 
Threats posed by climate change to UK nuclear military infrastructure were first 
considered in 2010, when the National Security Strategy recognised that, 
because global warming was a hazard that could cause a major accident 
(including through severe coastal and inland flooding), a national response was 
required.38 That said, ONRs report for the Defence Nuclear Safety Regulator’s 
(DNSR) ‘stress test’ of UK military nuclear sites conducted immediately after the 
Fukushima disaster took a relatively complacent view on the issue,39 as did 
DNSR’s subsequent study.40  
 
Following NATO’s 2017 Strategic Foresight Analysis, which reported that climate 
change is a ‘threat multiplier’ involving both sea-level rise threat to coastal 
regions and increased impact of storm surge and inland inundation events,41 
MOD determined that global warming was a Tier 1 Priority Risk,42 with MOD’s 
Defence Infrastructure Organisation developing a Climate Impact Risk  
  

                                                
37 United States Army War College (2019): Implications of Climate Change for the U.S. Army, 2019. 
https://climateandsecurity.files.wordpress.com/2019/07/implications-of-climate-change-for-us-army_army-
war- college_2019.pdf 

38 HM Government (2010): A Strong Britain in an Age of Uncertainty: The National Security Strategy, HMG, 
2010. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/61936/
nationa l-security-strategy.pdf  

39 ONR (Office for Nuclear Regulation) (2011): Learning Lessons from Fukushima: Report for DNSR, 
Corporate Report, DNSR, 2011. 

40 Defence Nuclear Safety Regulator (DNSR) (2012): Learning Lessons from Fukushima: Report from DNSR 
on lessons from the Fukushima accident in Japan in March 2011, Corporate report, Sept 2012. 
https://www.gov.uk/government/publications/learning-lessons-from-fukushima-report-from-dnsr 

41 NATO (2017): Strategic Foresight Analysis, NATO, 2017. 
https://www.act.nato.int/images/stories/media/doclibrary/171004_sfa_2017_report_hr.pdf 

42 Sears B. (2018): Battling the elements: Adapting to climate change on defence estates, Acclimatise News, 
Defence, Dec 2018. https://www.acclimatise.uk.com/2018/12/20/battling-the-elements-adapting-to-climate-
change-on-the-uks- defence-estate/ 
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Assessment Methodology (CIRAM)43 to try to identify risks to the UK military 
from current and future climate or extreme weather events.44 As CIRAM notes, 
there’s real potential for climate change to impact MOD’s ability to deliver its 
strategic objectives,45 with MOD’s climate change lead (Lt. Gen. Nugee) stating 
that climate impact will challenge how UK Armed Forces operate, emphasising 
the need to act now to understand and prepare for the changes that will have to 
be made.46  

Similarly, the UK Development, Concepts and Doctrine Centre (DCDC) highlight a 
wide range of climate change threats to defence and security,47 noting that the 
entire Defence Estate will become increasingly vulnerable to global heating.48 
And as a recent MOD commissioned RAND report concludes, given the potential 
for climate-related damage, there will be a real need to defend or relocate UK 
military coastal infrastructure, with risk mitigation and repair costs significantly 
rising as vulnerability increases.49  

Yet according to DCDC, MOD has failed to consistently acknowledge climate 
change as a security driver and, importantly, there appears to be limited 
defence-specific information-gathering efforts on climate change impact on 

                                                

43 MOD (UK Ministry of Defence) (2019): Sustainability & Environmental Appraisal Tools Handbook, Section 
7: Climate Impacts Risk Assessment Methodology (CIRAM). MOD, 2019. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attach 
ment_data/file/842735/20191003-Section_7-CIRAM-O.pdf 

44 The ambitious aim of CIRAM is to identify existing vulnerabilities to weather related hazards; whether 
existing vulnerabilities are likely to change over time; any additional vulnerability likely to arise in the future, 
and the likely direct and indirect impacts on defence output.  

45 MOD (UK Ministry of Defense) (2017): Guidance: Defence Infrastructure Organisation estate and 
sustainable development: How the Ministry of Defence estate is adapting to climate change, including 
nature conservation on the estate. MOD, Jan 2017. https://www.gov.uk/guidance/defence-infrastructure-
organisation-estate-and-sustainable-development  

46 MOD (UK Ministry of Defence) (2020): Lt Gen Richard Nugee to lead MOD's climate change policy, MOD, 
Mar 2020. https://www.gov.uk/government/news/lt-gen-richard-nugee-to-lead-mods-climate-change-policy 
 
47 Development, Concepts and Doctrine Centre (DCDC) (2018): Global Strategic Trends – The Future Starts 
Today (GST6), Sixth Edition, DCDC, 2018. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/771309
/Global_Strategic_Trends_-_The_Future_Starts_Today.pdf 
48 The Defence Estate refers to the range of UK military infrastructure, installations and facilities. 
 
49 Cox K., Knack A., Robson M., et al. (2020): A Changing Climate: Exploring the Implications of Climate 
Change for UK Defence and Security. Santa Monica, CA: RAND Corporation, 2020. 
https://www.rand.org/pubs/research_reports/RRA487-1.html. 
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MOD.50 In fact, MOD is selective in the data it publishes on environmental 
impacts in its annual reports – and since MOD are not covered by civil 
environmental regulations there exists the very real likelihood that global 
heating-driven climate impacts on the UK nuclear military enterprise are not 
being adequately costed, prioritised or regulated.  

2.4 Relocation or Abandonment  
 
So, climate change-driven coastal flooding will impact UK nuclear – the key 
question is by how much? Well, the Institute of Mechanical Engineers (IME) state 
that all existing UK coastal nuclear installations (together with their radioactive 
waste stores) are vulnerable to sea-level rise, flooding, storm surge, and ‘nuclear 
islanding’.51 Perhaps alarmingly, IME point out they may need to be relocated or 
abandoned.52 
  

                                                
50 Development, Concepts and Doctrine Centre (DCDC) (2018): ibid  
 
51 ‘Nuclear islanding’ occurs when the nuclear power plant is completely surrounded by flood water.  
 
52 Institute of Mechanical Engineers (IME) (2009): Climate Change: Adapting to the Inevitable, IME 2009. 
https://www.imeche.org/policy-and-press/reports/detail/climate-change-adapting-to- the-inevitable 
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3. UK Nuclear Military Enterprise 

The UK has circa 215 nuclear weapons, of which 120 are operational, with 40 
deployed at a time via a continuous-at-sea presence through 4 Vanguard-class 
nuclear-powered submarines.53  

UK nuclear warheads are designed and built at two Atomic Weapons 
Establishment (AWE) sites: Aldermaston and Burghfield. These warhead 
production facilities are in the process of a major series of re-fits (the Nuclear 
Warhead Capability Sustainment Programme) involving the Mark 4A nuclear 
warhead and further large-scale building projects. Regular transports of 
warhead components and fissile material including new warhead cores and 
dismantled warhead components are carried out between Aldermaston and 
Burghfield.54 

The Royal Navy (RN) operates two submarine types: The Vanguard ballistic 
submarines (SSBN) and the nuclear-powered Trafalgar and Astute attack 
submarines (SSN) armed with conventional weapons.55 UK nuclear-powered 
submarines are fuelled with highly enriched uranium (HEU), with the 
concentration of uranium 235 in the HEU deployed in the submarine reactors 
significantly higher than in civil nuclear reactors. UK nuclear weapons sites 
stockpile circa 22 tons of HEU, and a further 742kg is held at various civil nuclear 
sites around the country.56 

HM Naval Base Faslane (Clyde) and RN Armaments Depot (Coulport) are key 
components of the UK nuclear military enterprise. Faslane berths 4 nuclear-
powered Vanguard submarines armed with nuclear Trident missiles, 3 nuclear-
powered Astute submarines, and an ageing nuclear-powered Trafalgar 
submarine. The nuclear armament depot at Coulport consists of 16 nuclear 

                                                
53 MOD (UK Ministry of Defense) (2018): The UK's nuclear deterrent: what you need to know, Policy Paper, 
Feb 2018. 
https://www.gov.uk/government/publications/uk-nuclear-deterrence-factsheet/uk-nuclear-deterrence-
what-you-need-to-know 
 
54 Cullen D. (2019): Trouble Ahead: Risks and Rising Costs in the UK Nuclear Weapons Program, Nuclear 
Information Service, NIS, 2019. https://www.nuclearinfo.org/wp-content/uploads/2020/09/Trouble-Ahead-low-
resolution-version.pdf 
 
55 Center for Arms Control and Non-Proliferation (2021): The United Kingdom’s Nuclear Arsenal, Fact Sheet, 
FACNP, 2021. https://armscontrolcenter.org/fact-sheet-the-united-kingdoms-nuclear-arsenal/ 

56 Nuclear Information Service (NIS) (2020): Rolls-Royce breached nuclear safety limits. NIS, 2020. 
https://www.nuclearinfo.org/article/dreadnought-safety-nuclear-materials/rolls-royce-breached-nuclear-
safety-limits 
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weapon storage bunkers. Trident missile warheads and conventional torpedoes 
are stored at the weapons depot, where they are installed and removed from 
submarines. Coulport also processes and maintains the Trident weapon system 
and the ammunitioning of all submarine-embarked weapons.57  
 
Dreadnought nuclear submarines are being built at BEA Systems (Barrow-in-
Furness) where the pressurised water reactors (PWRs) that power the UK attack 
and ballistic missile submarines are assembled and commissioned.  
 
The Rosyth Dockyard on the Firth of Forth (Fife) stores a significant number of 
decommissioned nuclear submarines, as does HM Naval Base Devonport Royal 
Dockyard (Plymouth) where deep maintenance, defueling and refueling of UK 
nuclear submarines takes place. Nuclear reactors and cores are produced for 
the UK’s submarine fleet at Rolls-Royce Marine Power Operations (Raynesway).  

The UK nuclear weapons programme has created a significantly hazardous 
nuclear legacy at Sellafield (Cumbria) where spent naval reactor fuel is placed in 
MOD long-term storage ponds. The estimated stock of UK military plutonium 
holdings, either in the form of nuclear weapons or reserve stocks, is circa 3.2 
tons58 – posing significant safety, security and cost challenges.59 Amassing its 
plutonium stockpile since the 1950s, MOD has yet to cost or resolve its long-
term management responsibilities.60  

The total cost of UK’s nuclear weapons programme between 2019 and 2070 is 
estimated to be £172bn61 – however, this is almost certainly a low estimate. The 
National Audit Office (NAO) has recently valued the projected up-grade of 3 

                                                
57 Ritchie N. (2015): The UK Naval Nuclear Propulsion Programme and Highly Enriched Uranium, University 
of York, Feb 2015. https://fas.org/wp-content/uploads/2015/03/2015-FAS-UK-NNPP-HEU-final2.pdf 

58 International Panel on Fissile Materials (IPFM) (2018): Fissile material stocks, IPFM, Feb 2018. 
http://fissilematerials.org/  

59 International Institute for Strategic Studies (IISS) (2019): The Military Balance 2019, IISS, Feb 2019. 
https://www.iiss.org/publications/the-military-balance/the-military-balance-2019  

60 Parliamentary Office of Science and Technology (POST) (2016): Managing the UK Plutonium Stockpile, POST, 
No. 531, Sept 2016. http://researchbriefings.files.parliament.uk/documents/POST-PN-0531/POST-PN-
0531.pdf 
 
61 Although MOD don’t release total cost of the nuclear weapons programme, the NAO estimate MOD 
nuclear enterprise spend over the next 10 years at £50.9bn. Further, the British American Security 
Information Council (BASIC) estimate total through-life costs for the Dreadnought programme at £110–
£114bn, and between £71.4bn and £140.5bn for lifetime in-service costs (Cullen D. [2019]: ibid). 
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nuclear regulated sites at BAE Systems shipyard (Barrow-in-Furness), Rolls Royce 
nuclear core production (Raynesway) and AWE (Burghfield) – at £2.5bn.62  

MOD assess the cost of it’s long-term decommissioning and waste liabilities at 
£18.5bn over the next 120 years. Yet, given past experience, this estimate is 
likely to prove very low.63 Note, this figure has increased by over 186% over the 
last 3 years because the Treasury has changed its discount rate.64   

                                                
62 UK Commons Select Committee (2020): Committee examines ongoing delays and overspend on nuclear 
defence projects. Commons Select Committee, Mar 2020.  
https://www.parliament.uk/business/committees/committees-a-z/commons-select/public-accounts- 
committee/news-parliament-2017/nuclear-defence-projects-evidence-19-21/ 

63 Cullen D. (2020): Reports highlight repeated failures by MOD over four decades, NIS, July 2020. 
https://www.nuclearinfo.org/blog/david-cullen/2020/07/reports-highlight-repeated- failures-mod-over-four-
decades  

64 A discount rate is the way that future costs are accounted for – with future costs priced well below the 
same cost incurred at present. 
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4. UK Nuclear Military Infrastructure Climate Change Risk  

Given the significant risks associated with UK nuclear military installation 
operations combined with their substantial rad-waste and out-of-service 
submarine inventories – it could prove helpful to understand better any 
reasonably foreseeable climate-driven impact these key facilities will face.  

4.1 Form, Function and Flooding  

Deploying representative sea-level projections closely aligned with only 
conservative median IPCC findings,65 and based on only median sea-level 
projections66 – the Climate Central derived annual flood risk maps that feature in 
the following UK nuclear military installation case-studies67 are plausible threat 
indicator screening tools requiring deeper investigation.68 This is because, 
despite the relative limitations of all modelled data, the underpinning analysis 
deploys significantly improved consideration of coastal elevation, ocean thermal 
expansion, ice sheet melt, and land motion – and, hence, provides good 
estimates of vulnerability to sea-level rise induced climate impact. 

As discussed, new knowledge concerning the role of enhanced sensitivity of 
Greenland and especially Antarctic ice sheets to global warming (and hence sea-
level rise) provide very significant cause for concern. However, it’s important to 
note that the flood risk maps focus on median projections from a sea-level rise 
model that doesn’t incorporate the higher end of potential ice sheet sensitivity. 
Thus, based on a Representative Concentration Pathway (RCP) moderate CO2 
emission cuts consistent with the Paris Climate Agreement’s 2°C target,69 the 
flood risk maps represent reasonable and plausible projections.  

                                                
65 Stocker T. et al. Climate Change (2013): The Physical Science basis. Contribution of Working Group I to the 
Fifth Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge University Press, 
Cambridge, New York, 2013. 
 
66 Church J.A., Clark P.U., Cazenave A., et al (2013): Sea-Level Rise by 2100, Science, Vol. 342, Issue 6165, pp. 
1445, Dec 2013, DOI: 10.1126/science.342.6165.1445-a 
 
67 Climate Central: Interactive Threat Maps at coastal.climatecentral.org  
https://coastal.climatecentral.org/map/9/100.6221/13.7073/ 
 
68 Climate Central (2019): Flooded Future: Global Vulnerability to Sea Level Rise Far Worse Than Previously 
Understood, Report by Climate Central, Oct 2019. 
https://www.climatecentral.org/pdfs/2019CoastalDEMReport.pdf 
 
69 Kopp R. E., Horton R.M., Little C.M., et al (2014). Probabilistic 21st and 22nd century sea-level projections 
at a global network of tide-gauge sites. Earth’s Future, 2, 383–406. 2014. doi:10.1002/2014EF000239  
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That said, whilst these coastal flood projections are based on measured local sea 
surface and local sea-level rise projections (plus the height above sea-level of 
defined local flood types) – because the maps are not based on physical storm 
and flood simulations, risk from actual extreme flood events may be far greater. 
This is because factors such as erosion, future change in storm intensity and 
frequency, storm surge, inland flooding and contributions from rainfall or rivers, 
are not taken into account. In other words, the flood risk projection maps may 
prove an underestimation.70 All the more since, in estimating the height of local 
annual floods above sea-level, this analysis deploys a global model that 
conservatively estimates potential flood height.71  

4.2 HM Naval Base Faslane  

UK’s ballistic missile nuclear-armed Astute and Vanguard submarines are 
berthed in the Faslane Naval Base, located on the eastern shore of Gare Loch in 
Argyll and Bute to the north of the Firth of Clyde, 25 miles north west of 
Glasgow.72 The facility comprises a strategic nuclear base and is the 
headquarters of the Royal Navy in Scotland.73  

The Firth of Clyde has a 440-mile coastline including eight sea-lochs, five 
estuaries and numerous islands. On the basis of underlying geology, tidal 
aspects and exposure to wind and wave it comprises sealochs, estuaries, inner 
and outer Firth.74  

In terms of climate impact risk assessment, the Strategy Development Plan for 
Glasgow and the Clyde Valley (whilst recognising sea-level rise risk) considered 

                                                
70 Kulp S.A. & Strauss B.H. (2019): New elevation data triple estimates of global vulnerability to sea-level rise 
and coastal flooding. Nat Commun 10, 4844, 2019. https://doi.org/10.1038/s41467-019-12808-z 
 
71 Muis S., et al. (2016): A global reanalysis of storm surges and extreme sea levels. Nature Commun. 
7:11969 doi: 10.1038/ncomms11969 I 2016.  

72 MOD (UK Ministry of Defence) (2019): Information Regarding CIRAM Assessment of HM Naval Base Clyde. 
MOD, 2019. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/873475
/Information_regarding_CIRAM_assessment_of_HM_Naval_Base_Clyde___2019_13198.pdf 

73 Due to plans to increase in the number of nuclear submarines at Faslane, MOD have applied for a very 
substantial radiation waste discharge increase. 

74 Scottish Sustainable Marine Environment Initiative (SSMEI) (2005): SSMEI Clyde Pilot Project Proposal – 
Final Report. http://wayback.archive-
it.org/3011/20130204033343/http://scotland.gov.uk/Resource/Doc/921/0048290.pdf  
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only a projected sea-level increase of 70 cm by the end of the century.75 More 
recently, (deploying relatively limited data, assuming that a sea-level rise of 
0.47m in the Firth of Clyde by 2080, and only using a single projection for the 
whole area) Scottish Natural Heritage (SNH) provided a relatively optimistic 
review of climate risk to the Clyde area.76 Here it’s key to point out that although 
SNH’s report reviewed selected impact of higher sea-levels during storm surge 
due to the rise in mean sea-level, it didn’t consider the effects of sea-level rise on 
storm surge, wave over-topping or the added impact of surface water or fluvial 
input to the Firth of Clyde – which will inevitably exacerbate the effects of 
elevated water levels in the Firth and increase erosional trend.77  

It’s also worth noting that the entire shoreline within the Clyde is at high risk of 
coastal flooding, with surrounding land at high risk of surface water flooding, 
and a number of tributaries flowing into the Clyde at medium or high risk of 
flooding.78,79 Further, multiple analyses undertaken by the UK Climate Change 
Risk Assessment for Scotland, the Marine Climate Change Partnership, 
Scotland’s State of the Environment Report, the Strategy Development Plan for 
Glasgow and the Clyde Valley all confirm the potential for significant climate-
driven impacts in the area.  

In this context, flooding of coastal communities and transport links around the 
Firth and into the Clyde Estuary from high tide, storm surge and wave impact 
currently occur on an almost annual basis – with the Scottish Environment 
Protection Agency (SEPA) recording storm surge in the Clyde Estuary of up to 2 
metres.80,81  

                                                
75 Clyde Plan (2017): Strategy Development Plan for Glasgow and the Clyde Valley: Delivering Growth in the 
Glasgow City Region, 2017. https://www.clydeplan-sdpa.gov.uk/images/ApprovedPlanHighRes.pdf 

76 Scottish Natural Heritage (2017): An assessment of the impacts of climate change on Scottish landscapes 
and their contribution to quality of life, Commissioned Report No. 488, Final report. SNH, 2017. 
https://presscentre.nature.scot/resources/4xwix-l3sbi-ovc7i-tnrqo-l57t8 
 
77 Hansom J., Maxwell F., Naylor L. & Piedra, M. (2017): Impacts of sea-level rise and storm surges due to 
climate change in the Firth of Clyde. Scottish Natural Heritage Commissioned Report No. 891. 
https://presscentre.nature.scot/resources/4xwix-l3sbi-ovc7i-tnrqo-l57t8 

78 MOD (UK Ministry of Defence) (2019): ibid. 

79 National Coast Change Assessment (NCCA) (2017): National Coastal Change Assessment, Scottish Govt, 
2017. https://marine.gov.scot/information/national-coastal-change-assessment-ncca-2017 
 
80 MOD (UK Ministry of Defence) (2019): ibid. 
 
81 Scottish Environment Protection Agency (SEPA): Flood Risk Management Strategy: Clyde and Loch 
Lomond Local Plan District https://www2.sepa.org.uk/frmstrategies/pdf/lpd/LPD_11_Sources.pdf 
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Since all climate change projections mean a significant increase in the frequency 
and intensity of storm surge, there seems little doubt that the naval base will be 
at ramping risk. Thus, despite the very great concentration of nuclear military 
resources and associated radiological inventories at Faslane – projected 
significantly increased annual flooding and storm surge brings into question the 
operational viability of the naval base – See Fig.1.  

Fig.1 HM Naval Base Faslane Annual Flood Risk Map 205082 

 
 

                                                
82 Annual Flood Level: Water level at shoreline that local coastal floods exceed on average at least once per 
year at 2050. Emissions pathway: Moderate emissions cuts (RCP 4.5) consistent with the Paris Climate 
Agreement 2°C target, median climate sensitivity. Elevation model: CoastalDEM. Climate Central: ibid. 
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4.3 Rosyth Dockyard 

Located just 5 miles from Edinburgh, the Rosyth Dockyard (Firth of Forth) 
formerly undertook refitting of Royal Navy surface vessels and submarines. Its 
current primary role is the storage and dismantling of decommissioned nuclear 
submarines, with 7 out-of-service submarines (Dreadnought, Churchill, 
Swiftsure, Revenge, Resolution, Repulse and Renown) laid up at Rosyth since the 
1980s. Whilst all the boats have been de-fueled, the reactor pressure vessels, 
primary and secondary circuits are still intact and pose a significant 
contamination risk, with future annual flooding substantially increasing hazard – 
See Fig.2. 

Fig.2 Rosyth Dockyard Annual Flood Risk Map 2050 
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4.4 RN Armaments Depot Coulport  

The Royal Naval Armament Depot (RNAD) at Coulport (Clyde) consists of sixteen 
nuclear weapon storage bunkers built into a ridge overlooking Loch Long. 
Trident missile warheads and conventional torpedoes are stored at the weapons 
depot, where they are installed and removed from submarines. RNAD Coulport, 
eight miles from Faslane, also processes and maintains the Trident weapon 
system and the ammunitioning of all submarine embarked weapons.83  

As with Faslane, future annual flooding and storm surge will significantly impact 
on-site operations at this key nuclear military depot – See Fig.3. 

Fig.3 RN Armaments Depot Coulport Annual Flood Risk Map 2050 

 

                                                
83 Ritchie N. (2015): ibid. Ritchie N. (2015): The UK Naval Nuclear Propulsion Programme and Highly Enriched 
Uranium, University of York, Feb 2015. 
https://fas.org/wp-content/uploads/2015/03/2015-FAS-UK-NNPP-HEU-final2.pdf 
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4.5 HM Naval Base Devonport Royal Dockyard 

UK’s nuclear submarines are deep-maintained, defueled and refuelled at the 
Devonport Royal Dockyard, Plymouth – the Navy’s sole nuclear repair and 
refuelling facility. 

The ballistic missile carrying nuclear submarines are defueled and refuelled in 9 
Dock. Attack nuclear submarines are defueled and refuelled at the dockyard’s 
Submarine Refit Complex comprising 14 and 15 Docks, the Nuclear Support 
Facility, and the Nuclear Utilities Building.  A new defueling facility in the 
Submarine Refit Complex is nearing completion. The programme involves 
upgrading the dry dock and associated equipment for defueling 
decommissioned Swiftsure and Trafalgar attack submarines and the four 
operational Trafalgar and Astute boats. The Basin also houses the Low-Level 
Refuelling Facility for the temporary storage of high-level spent nuclear fuel prior 
to off-site long-term storage, and of new nuclear fuel prior to installation in the 
submarines.84  

The dockyard is also involved in long-delayed attempts to dismantle UK’s out-of-
service nuclear submarines, all containing significant radioactive waste. It’s 
important to note that 9 of the 13 out-of-service submarines berthed at 
Devonport still contain high-level irradiated fuel, with a recent National Audit 
Office (NAO) report revealing the MOD has yet to dispose of any of the 20 boats 
decommissioned since 1980 – and has not defuelled a single submarine since 
2004.85 MOD’s current liability for maintaining and disposing out-of-service 
submarines is estimated at £7.5 billion – and very likely to increase.86  

Further, Devonport dock space for nuclear submarine maintenance and 
decommissioning is limited – and any unplanned refuelling or maintenance of 
the ageing Vanguard fleet or further life-span extension work will compound this 
problem, with more delays expected when deep maintenance of the 
Dreadnought submarine fleet begins.87  

                                                
84 Ritchie N. (2015): ibid.  

85 Morse A. (Comptroller and Auditor General, National Audit Office) (NAO) (2019): Investigation into 
submarine defueling and dismantling, NAO, Mar 2019. https://www.nao.org.uk/wp-
content/uploads/2019/04/Investigation-into-submarine-defueling-and-dismantling.pdf 

86 Parkinson S. (2020): The Environmental Impacts of the UK Military Sector, Scientists for Global 
Responsibility, SGR, 2020. 
 
87 Cullen D. (2019): ibid. 
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Clearly, HM Naval Base Devonport’s current and future nuclear military 
operations (including submarine refueling and defueling, out-of-service 
submarine and radiological inventory liabilities) involves significant risk – 
especially given the bases’ proximity to the local civilian population. However, 
this risk is set to ramp, given the naval base will be impacted by significant 
climate-driven flooding and storm surge – See Fig.4. 

Fig.4 HM Naval Base Devonport Royal Dockyard Annual Flood 
Risk Map 2050 
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4.6 BAE Systems Barrow-in-Furness  

Dreadnought submarines are built at Barrow-in-Furness in the shipyard which 
has produced the vast majority of the UK’s nuclear-powered submarines, 
including the Astute fleet. The site is owned and run by BAE Systems Marine, a 
subsidiary of the UK arms manufacturing company.  

The pressurised water reactors (PWRs) that power the UK attack and ballistic 
missile submarines are assembled and commissioned at BAE Systems 
Maritime’s Devonshire Dock Complex at Barrow. New nuclear fuel assemblies 
are transported by road from Raynesway to Barrow, loaded onto standard road 
transport vehicles escorted by MDP SEG 40 police. The nuclear fuel is stored and 
assembled into reactor cores, which are then installed in submarine reactor 
pressure vessels (RPVs).88 

Despite the key role the shipyard plays in the UK nuclear military enterprise; 
climate change (even in lower-mid range projections) will challenge the utility 
and viability of the facility due to the combined impact of future sea-level rise, 
storm surge and flooding – See Fig.5.  

  

                                                
88 Ritchie N. (2015): ibid. 
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Fig.5 BAE Systems Barrow-in-Furness Annual Flood Risk Map 
2050 

 
 

4.7 Atomic Weapons Establishment (AWE) Aldermaston  

UK’s nuclear warheads are designed and built at the Atomic Weapons 
Establishment (AWE) Aldermaston site, located south west of Reading and east 
of Newbury. Its surface geology comprise Plateau Gravel above Lower Bagshot 
Beds resting on a layer of London Clay, beneath which is a nationally important 
chalk aquifer.  

Fabrication of fissile components is undertaken at the research, design and 
production area (‘The Citadel'), where warheads for the missile programme are 
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manufactured. The function of these facilities is to conceive, manufacture and 
assemble fissile cores of plutonium 239 encased in highly enriched uranium. 
Maintenance and decommissioning of existing warheads is also undertaken. The 
site also holds and handles significant quantities of explosives and toxic 
materials.  

Since there’s no long-term storage of assembled nuclear weapons at AWE, all on-
site warheads are being worked on (before transport to Coulport on 
completion). The total UK warhead stockpile is circa 180, with circa 120 warheads 
operationally available.89  

As with all nuclear installations, operations at Aldermaston result in radioactive 
discharge to air, water and soil environments. Monitored discharges include 
plutonium (the principle material for warhead pits), americium, uranium, tritium, 
(released in large quantities), and krypton.90 

Very significant quantities of radioactive waste are stored at Aldermaston, 
including 4,460m3 intermediate-level waste and 1,780m3 low-level waste. The 
deteriorating condition of ageing ‘sea disposal’ packages (many with plutonium 
and uranium contamination) suggests their repackaging should be undertaken 
soon.  

On-site operations at Aldermaston have, at times, been troubled – when during 
a storm in July 1989 plutonium-contaminated water flowed through land owned 
by Blue Circle, then to Aldermaston village. Although AWE monitored the 
affected areas and concluded that no significant radioactivity existed, there 
remains uncertainty about the extent of contamination.91  

And the AWE site also has a history of flooding when, in 2007, West Berkshire 
Council and Thames Valley Police activated their emergency plans due to 
torrential rainfall. Evidently, the Aldermaston North Ponds Water Management 
System (designed to deal with surface water runoff from the site) came very 
close to being overwhelmed at just 1 hour from failure.   
                                                
89 Submarine Initial Gate Parliamentary Report (2011): The United Kingdom’s Future Nuclear Deterrent: The 
Submarine Initial Gate Parliamentary Report, May 2011. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/27399/
submarine_initial_gate.pdf 
 
90 Dorfman P. (2005): The Performance of Knowledge in the Low-Level Radiation Debate, PhD, UWE, Bristol, 
2005. 

91 AWE only acknowledged the extent of the contamination in 1993, and went to the Court of Appeal after 
conviction in the High Court for the offence. The decision was upheld, and the damages awarded rose to 
£6,600,000, mirroring the significance of the plutonium contamination risk. 
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Although flood risk from severe inundation and river overflow are difficult to 
model due to the episodic nature of these events, the UK Climate Change Risk 
Assessment report and the Cabinet Office confirm that (due to projected 
significant increases in heavy rainfall) river and surface water flooding comprise 
one of the highest priority risks for the UK environment – with immediate action 
needed.92 The AWE Aldermaston map should be read in this context, along with 
the sites storm-induced contamination release and flooding event history – See 
Fig.6. 

Fig.6 AWE Aldermaston Map  

 
                                                
92 HM Government (2017): UK Climate Change Risk Assessment, HMG, 2017.  
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/584281
/uk-climate-change-risk-assess-2017.pdf 
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4.8 Atomic Weapons Establishment (AWE) Burghfield  

AWE Burghfield is the final assembly location for UK nuclear weapons. The site 
undertakes replacement nuclear warhead assembly, maintenance and 
disassembly at the Main Process Facility along with a separate Support Building, 
a Plant Building and associated electrical sub stations. Ageing WE177s nuclear 
weapons are stored and dismantled on-site. 

However, the weapons facility has a high probability of flooding as it’s situated in 
a Flood Zone 3 on low-lying land within the flood plain of the River Kennet and 
the Burghfield Brook, a local watercourse. The Brook, which once flowed across 
the site, has been diverted around the edge of the establishment.  

In total 84 buildings on the Burghfield site have already been affected by 
flooding, and virtually every facility within the nuclear licensed site area have 
experienced floodwater ingress, causing widespread damage to infrastructure.93 

Importantly, the explosives and 10A areas have both been severely affected by 
floodwater, causing extensive damage.94 

As discussed, flood risk from severe inundation, river and waterway overflow are 
difficult to model – yet it seems clear that due to Burghfield’s flood-zone 
designation, its low-lying location and proximity to local water courses, this key 
nuclear warhead installation is at significant flood risk in future – See Fig.7. 

  

                                                
93 Nuclear Information Service (NIS) (2008): Swamped! The devastating impact of the July 2007 floods on 
Britain’s nuclear weapons factories, NIS, Sept 2008. 

94 Atomic Weapons Establishment (AWE) (2007): RLI Assessment of Extreme Weather Events on AWE Sites 
(flooding) Nov 2007 – Redacted, AWE, 2007.  
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Fig.7 AWE Burghfield Map  

 
 

4.9 Sellafield Ltd 

Sellafield, on the Cumbrian coast, comprises more than 200 nuclear facilities and 
is Europe's largest nuclear installation. The 265-hectare nuclear site’s inventory 
includes 140 tonnes of civil plutonium (the largest stockpile in the world),95 and 
further very significant nuclear decommissioning liabilities including 4 ‘legacy 

                                                
95 Hyatt N.C. (2020): Safe management of the UK separated plutonium inventory: a challenge of materials 
degradation, npj Mater. Degrad., 4:28, 2020. https://doi.org/10.1038/s41529-020-00132-7 
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ponds’ and silo facilities, containing highly contaminated spent fuel and 
radioactive sludge wastes.96 

Sellafield’s involvement in the UK nuclear weapons programme has created a 
substantial radioactive legacy that makes up some of the most hazardous work 
done on-site,97 with spent naval reactor fuel placed in long-term storage in the 
MOD Wet Inlet Facility (WIF). Stored submarine cores from out-of-service nuclear 
submarines are still in the process of being transferred to the WIF.  

The very great rad-waste burden at Sellafield, allied with the high-risk nature of 
operations there, combine to make it a uniquely hazardous facility – and future 
climate-driven annual flood risk to the site (via storm surge at the Cumbrian 
coast or overflow from the Rivers Ehen and Calder) should be assessed with this 
in mind – See Fig.8.   

  

                                                

96 HM Government (2020): About Us, Sellafield Ltd, HMG, 2020. 
https://www.gov.uk/government/organisations/sellafield-ltd/about 

97 Law E. (2018): Cleaning up our nuclear past: faster, safer and sooner, Nuclear Decommissioning Authority 
(NDA), Sept 2018. 
https://nda.blog.gov.uk/2018/09/07/what-is-sellafield/ 
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Fig.8 Sellafield Ltd Annual Flood Risk Map 2050 

 
 

4.10 Rolls Royce Marine Power Operations Raynesway 

Nuclear reactors and cores are produced for the UK’s submarine fleet at the 
Rolls-Royce Marine Power Operations (Raynesway), comprising a manufacturing 
site and the ‘Neptune’ site.  

The Neptune Radioactive Components Facility houses the Neptune Test Reactor 
which is used to conduct experiments, develop and prove submarine reactor 
cores. The Neptune site includes the test reactor, a reactor hall with adjoining 
fuel storage facilities, radiation laboratories and radioactive waste management 
facilities, and a separate radioactive components handling facility. Highly 
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enriched uranium (HEU) for UK nuclear submarines is transported by road 
escorted by MOD Police Special Escort Group from AWE Aldermaston to the 
Nuclear Fuel Production Plant Core Design and Manufacturing Site at 
Raynesway. Once the HEU fuel components are processed, the submarine 
nuclear reactor cores are fabricated and assembled. Completed fuel assemblies 
are stored at Raynesway prior to delivery.98 

However, the Raynesway nuclear site lies on a high-risk flood plain and was 
closed due to flooding as recently as 2019.99 This problem is compounded by 
ONR who require that nuclear installation flood defence provision only meets a 
1 in 100-year flood event standard. Perhaps unfortunately, even this required 
standard only applies before projected climate change impacts (such as 
increased intensity and frequency of flooding events) have been taken into 
account.  

As discussed, future annual flooding impact is difficult to model – yet the fact 
that the site rests on a flood-plain, coupled with its history of flooding, strongly 
implies that the nuclear installation at Raynesway remains unprepared for 
climate change-driven flooding events – See Fig.9. 

  

                                                
98 Ritchie N. (2015): Ibid. 
 
99 Hawley Z. & Slater N. (2019): Derby Rolls-Royce site closed because of flooding fears, Derby Telegraph, 
Nov 2019. https://www.derbytelegraph.co.uk/news/derby-news/derby-rolls-royce-site-closed-3514837 
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Fig.9 Rolls Royce Marine Power Operations Raynesway Map 
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5. Key Findings 

Ramping change in climate-driven dynamics means that recent observations of 
sea-level rise significantly exceed projections made only a few years ago. This 
rise in sea-level will substantially increase flooding and erosion in coastal areas, 
particularly when storm surge coincides with high tides. Meanwhile, inland 
climate-driven inundation and flooding is set to become both more frequent and 
severe. Predicted changes to storm patterns affecting both storm surge and 
river flow will accelerate ‘combined hazard’ impact, making current risk 
mitigation measures obsolete. 

Further, risks to nuclear installations from sea-level rise and extreme climate 
events are very unlikely to be linear – as there will be thresholds at which 
existing natural and built barriers are exceeded as storm surge intensity 
increasingly erodes nuclear infrastructure coastal and inland flood defences.  

In other words 
• Present UK coastal military nuclear infrastructure is deeply vulnerable to 

flooding from sea-level rise, storm intensity and storm surge – with inland 
nuclear facilities facing inundation and flooding. 

• Ministry of Defence and nuclear regulatory climate impact mitigation 
efforts will become increasingly obsolete, and sooner than currently 
planned.  

• Climate impact to nuclear will inevitably involve very significant expense 
for UK nuclear military installation operation, waste management, 
decommissioning, relocation or abandonment. 

• In other words, UK nuclear military bases are set to flood. 

So what 
• Evolutionary modelled prediction of seasonal, decadal, and future climate 

change impact on UK nuclear infrastructure must be accounted for, 
including rapid change in extreme events, abrupt interactions and 
feedbacks.  

• Comprehensive MOD and ONR risk assessments based on ‘all case’ 
scenarios must be undertaken and regularly updated as fundamental 
scientific climate impact evidence evolves.  

• This must include costings and contingency plans for the swift onset of 
climate-driven severe weather impact on UK nuclear military 
infrastructure.  
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In this sense, nuclear military climate change response planning should 
reinforce the UK Fusion Doctrine approach to national security.100 
  

                                                

100 HMG Government (2018): National Security Capability Review: Including the second annual report on 
implementation of the National Security Strategy and Strategic Defence and Security Review 2015, HMG, 
2018. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/705347
/6.4391_CO_National-Security-Review_web.pdf 
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Glossary 

Astute: UK attack submarine, currently in production.  
AWE: Atomic Weapons Establishment. The organisation which produces the UK’s 
nuclear warheads.  
BAE Systems: Arms manufacturer whose maritime-submarine division builds 
the UK’s Astute and Dreadnought nuclear submarines.  
Babcock: Corporation whose Marine Systems division owns Devonport Royal 
Dockyard which deep-maintens the UK’s submarine fleet. 
Barrow-in-Furness: Shipyard where BAE Systems build the UK’s submarines.  
Defence Nuclear Enterprise: The nuclear weapons programme and submarine 
fleet; including all supporting activities, institutions and infrastructure. 
DNSR: Defence Nuclear Safety Regulator. 
Dreadnought: UK nuclear- armed submarine, currently in early stages of 
production. 
Faslane: Naval base on the Clyde estuary, home port to the UK’s SSBN fleet. 
Mark 4A: Upgraded UK nuclear warhead design, currently in production. 
MOD: Ministry of Defence. 
NAO: National Audit Office. 
NPP: Nuclear Power Plant. 
ONR: Office for Nuclear Regulation. 
PAC: House of Commons Public Accounts Committee. 
Raynesway: Site of Rolls-Royce factory in Derby where nuclear reactors and 
cores are produced for the UK’s submarine fleet 
Resolution: First generation UK nuclear armed submarine, armed with Polaris 
missiles.  
Rosyth: Dockyard on the Forth estuary berthing several out-of-service nuclear 
submarines. 
SDSR: Strategic Defence and Security Review. 
SSBN: Ship Submersible Ballistic Nuclear. NATO designation for a nuclear-
armed, nuclear-powered submarine. 
SSN: Ship Submersible Nuclear. NATO designation for a nuclear-powered 
submarine. 
Trafalgar: Nuclear powered attack submarine, currently being replaced by the 
Astute class. 
Trident II D5: Ballistic missile deployed on UK nuclear-armed Vanguard and 
Dreadnought submarines. 
Vanguard: Second generation UK nuclear-armed submarine, currently in 
service.  
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