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Overview
• Safety issues with deep nuclear waste 
disposal (focusing on high-level 
radioactive wastes)

• Findings of the Nirex Inquiry report 1997 
(proposal to construct the first phase of a 
repository for intermediate-level wastes)

• Relevance to the proposals in Cumbria 
today

• The political process explained
• The Decision to Participate
• Conclusions



The problem
• High-Level Waste (HLW) and Spent Nuclear 
Fuel (SNF) are heat generating wastes, 
resulting from the nuclear chain reaction in the 
core of the reactor

• About 10,000 tonnes of SNF are produced 
globally each year. globally each year. 

• Reprocessing of spent nuclear fuel results in a 
smaller volume of heat-generating HLW, but 
adds a large volume of intermediate-level 
wastes (ILW) which also contain long-lived 
radionuclides



Deep geological disposal
• Researched since 1970s but not yet 
implemented anywhere in the world. 

• Excavation in rock 500m+ underground
• Waste in deposition holes in tunnels
• Copper canisters (with iron inserts) or steel. • Copper canisters (with iron inserts) or steel. 
Steel overpacks for HLW. 

• Backfill with clay (bentonite) and/or cement
• Phases: siting, construction, waste 
encapsulation and emplacement, sealing and 
closure.





Radionuclide content of spent nuclear fuel



Radionuclides
• Spent nuclear fuel contains a wide variety of 
radionuclides (radioactive elements) 

• e.g. highly radiotoxic actinides (including 
uranium and plutonium)

• long-lived mobile radionuclides (e.g. I-129, Cl-• long-lived mobile radionuclides (e.g. I-129, Cl-
36, Se-79)

• Radioactive gases containing C-14 (CO2 and 
CH4)

• Radionuclides occur in different chemical 
forms (species) with different solubilities



Radiation and health

• Different radioactive elements emit 
different types of radiation: alpha, beta and 
gamma, with different energies

• Genetic damage to cells can cause cancer • Genetic damage to cells can cause cancer 
or damage eggs or sperm. 

• Exposure via air, water or food.
• Bioaccumulation in the food chain (plants, 
fish)





Rock types
• Finland, Sweden, Canada using crystalline 
rock. 

• Germany is investigating salt.
• Boom clay in Belgium (underground 
HADES facility in Mol). 

• NL is considering both salt and clay.• NL is considering both salt and clay.
• Clay rocks also investigated in Switzerland 
(Opalinus Clay, Mont Terri rock laboratory 
in Jura) and in France (Callovo-Oxfordian 
Clay, Laboratoire de Meuse Haute Marne 
in Bure).



The ‘near-field’: copper, steel, 
bentonite and concrete

• Intense heat affects near-field for decades + far-
field flows for 10,000 years; creates high 
stresses on rock and canisters

• Swedish limit to 100oC by spacing fuel rods
• Copper canister corrosion rates disputed
• Steel will corrode faster and generate hydrogen 
gas: radiation increases corrosion rate

• Heat and microbes damage sealing and 
hydraulic properties of clay and concrete

• Cement creates a chemical disturbance 
(alkaline) which degrades clay



The ‘far-field’: groundwater and gas 
flow and excavation damage

• Gas must be released to avoid pressure 
build-up (H2, H2S, CO2, CH4)

• Gas can create fast routes for radionuclide 
escape: processes are complex to model

• The repository will fill with groundwater at • The repository will fill with groundwater at 
closure: dissolved radionuclides will be 
transported to the surface in groundwater

• Fast routes for transport can occur in 
damaged zones

• Complex chemistry: e.g. clay forms colloids 
which can transport actinides e.g. plutonium







Other issues
• Human intrusion: search for resources e.g. 
oil, minerals or storage space could lead to 
explosive release of repository contents

• Earthquakes: even relatively small 
earthquakes can affect underground water 
flows (e.g. pushing water upwards) and 
stability of caverns and shafts

• Glaciation: expected 10,000 to 100,000 
years in future. Major perturbations in 
geology (glacial rebound, reactivation of 
faults) and hydrogeology.



Post-closure safety: 
Overarching issues

• Unknowns, uncertainties and computer 
model validation: lack of data plus multiple 
alternative conceptual models

• Bias in the assessment process (e.g. 
confirmation bias and rescue bias)confirmation bias and rescue bias)

• Site selection: does a geologically suitable 
site exist?

• Costs: will escalate if design changes are 
needed



Significant radiological releases?
• Increased corrosion of copper or steel
• Heat plus chemical/physical disturbance could 
damage backfill properties

• Gas pressure can damage barriers and/or force 
fast routes for radionuclide escape

• Poorly understood chemical effects (e.g. colloids) • Poorly understood chemical effects (e.g. colloids) 
could transport actinides e.g. plutonium

• Fractures, faults and excavation and heat damage 
allow fast routes for radionuclide escape

• Glaciations and earthquakes will damage 
containment and disturb water flows

• Human intrusion and human error



The Nirex Inquiry 1995/96
• ‘Rock Characterisation Facility’ (first stage 
of a deep ILW repository) at Longlands 
Farm (near Gosforth)

• Appeal rejected by Sec of State 1997
• Inquiry considered whether the site 
showed sufficient promise to justify showed sufficient promise to justify 
blight/noise/visual impact etc.

• Rejected on 3 grounds:
1. Site geologically unsuitable
2. Site selection process flawed
3. Scientific understanding inadequate



Site suitability…
• “Whilst this assessment cannot be claimed 
to completely rule out on its own any 
promise in the appeal site, it thus directly 
over-arches great uncertainties which 
would not be resolved by the RCF, and would not be resolved by the RCF, and 
highlights the vulnerability of the concept 
of relatively rapid upward transport of the 
radionuclides, compared with the slow, 
downward flow of the favoured 
hydrogeological environments.” Nirex 
Inquiry Inspector’s Report paragraph 8.53



• Contd. “…The indications are, in my 
judgement, still overwhelmingly that this 
site is not suitable for the proposed 
repository, and that investigations should 
now be moved to one of the more 
promising sites elsewhere. On this basis, promising sites elsewhere. On this basis, 
there is really no national or regional 
benefit to be gained from continuing 
investigations at this particular site…” 
Nirex Inquiry Inspector’s Report paragraph 
8.53 [Emphasis added]



The unsuitability of the site…
• Was one of the original reasons for refusal 
of planning permission by Cumbria CC 
(the Inquiry was a planning appeal)

• Cumbria CC and Copeland Borough 
Council consistently argued that the site Council consistently argued that the site 
was unsuitable (using expert evidence)

• The Inquiry’s conclusion that the site was 
unsuitable for further investigation was 
endorsed by a further planning decision by 
CCC in 1999 to reject an application from 
Nirex to keep its boreholes open



• “There is no doubt in my mind that right 
from the start it was clearly obvious that 
there were major geological problems 
associated with this site”. Prof John Mather, 
Cumbria County Council geology advisor. 
BBC File on Four, 27th May 1997.

• In June 2007, the Inspector wrote to the • In June 2007, the Inspector wrote to the 
Guardian reiterating his finding that: “The 
site is not suitable and investigations should 
be moved elsewhere”.

• On 7th December 2011 a former Nirex
employee wrote to the Guardian, 
congratulating the Inspector on his decision



Proposed facilities in Cumbria
• Long-lived intermediate level waste (ILW). 
Cemented waste in steel barrels, cement 
backfill. Large quantities of gas from 
corrosion of wastes (CO2, CH4) and barrels 
(H2). The original Nirex wastes, plus…

• Heat-generating high-level waste from • Heat-generating high-level waste from 
reprocessing in glass blocks. Steel 
overpacks. 

• Heat-generating spent nuclear fuel (SNF) 
from Sizewell and new reactors. Copper 
canisters. Bentonite (clay) backfill.

• Encapsulation facilities for SNF.



Incompatible wastes? 
(CoRWM Document 2550, July 2009)

• “A key technical and scientific question is 
whether it is possible to find a [single] site 
that will be suitable... This is important 
because of the possible effects of cement-
bentonite interactions and of alkaline bentonite interactions and of alkaline 
waters on HLW [vitrified high-level 
wastes]” (para 12.30)

• “Situations can be envisaged in which a 
site could accommodate one part… but 
not both, or where … it would be 
preferable to have separate surface 
facilities and access...” (para 12.39)



Nirex risk assessments for a 
repository in Cumbria

• The risk assessments considered at the 
Nirex Inquiry in 1995/6 were for existing 
and committed intermediate-level and 
long-lived low-level wastes onlylong-lived low-level wastes only
(ILW/LLW).

• “Nirex ’97” (published after the inquiry) 
considered only the ILW/LLW proposed at 
the time: it did not include heat-generating 
high-level wastes (HLW) or spent nuclear 
fuel (SNF).



The new inventory means…
• Effects of heat generation on backfill, rock, 
water, gas flows (steam), corrosion, 
microbes must be added to the problems 
considered at the Nirex Inquiry.

• The problem of large-scale gas generation 
(CO and methane) is added to this (CO2 and methane) is added to this 
because of the ILW/LLW.

• The problem of co-disposal is completely 
new (requirement for different chemical 
conditions for different waste types)

• A much bigger volume of 
unfractured/faulted rock is needed



Footprints

Nirex: ILW/LLW: 1km2

Legacy HLW/SNF: 3km2

New build (high burn-up) 
SNF: 5.7km2 ?

Total: 10km2 plus?

Depends on burnup, cooling 
period, geology, number of 
new reactors & reactor 
lifetimes

Longlands Farm is not 
excluded on the BGS map, 
although it was previously 
rejected as unsuitable (Nirex 
Inquiry decision 1997)

lifetimes

MRWS Consultation states:

6km2 to 25km2



Why was Longlands Farm “not suitable 
for further investigation”?

• Complex geology (multiple fractures and 
faults): making flows of radioactive water 
and gas hard to predict; and causing 
difficulties finding a suitable volume of rockdifficulties finding a suitable volume of rock

• Upward water flow through the repository 
into water supplies: due to the topography 
(mountains) and geology of the area

• Evidence of adverse geochemistry (an 
oxidising environment) more likely to 
dissolve uranium



Fig. 4.3.3. Geology and 
faulting around the Nirex 

BGS exclusion zone

faulting around the Nirex 
site (red rectangle). 
Longlands Farm, site of 
the PRZ, is shown by the 
red dot. Red cross-
hatching shows the 
southern margin of the 
BGS exclusion zone.

Eastern limit of 
Carb. Lst. subcrop





BUSC original and “variant”
Original concept for 
Basement under 
Sedimentary Cover

Nirex report 71, 1989

Basement 
“variant” Nirex 
Report 263, 1992



Cumbria
Water flow is driven by the elevation 
of mountains, and INEVITABLY rises 
to surface as “artesian” springs.

When toxic waste dissolves, there is 
no natural barrier to pollution 
entering drinking water and the sea

This has poor site performance

waste

compared to East England

west east

Do good sites exist?

waste

compared to East England
Water flows out from the land.

Water can not flow through layers of 
salt, which seal as a secure “lid”

When toxic waste dissolves in static 
water (red) there is no flow up 
through the “lid” from this backwater

This has good site performance

eastwest



Sweden
Finland

Topographic relief map showing 
four actual and potential waste 

repository sites
in NW Europe

West Cumbria

Wash - Norfolk



Why the “Nirex ‘97” reports do not make 
Longlands Farm geologically suitable

• Nirex ‘97 is largely a re-interpretation of 
evidence that was already available at the 
Inquiry (a new computer model)

• Nirex’s interpretations were rejected at the 
Inquiry, not because favourable Inquiry, not because favourable 
interpretations of the data did not exist, but 
because unfavourable ones also existed

• Cumbria CC rejected Nirex’s planning 
application to keep its boreholes open in 
1999: after Nirex ’97

• Nirex’s plans did not include HLW/SNF



Is it only Longlands Farm that 
has been ruled out?

• The site selection process must be rational
• If Longlands Farm is unsuitable, other 
nearby sites already considered and 
rejected must also be ruled outrejected must also be ruled out

• The area with similar geology (i.e. BUSC-
variant with upward water flow) must be 
ruled out

• To avoid choosing geologically more (or 
equally) unsuitable sites, other known 
geological issues must be considered too



Fig. 2.2.1. Sellafield site search of 1988-89:
The coastal sediment site A (no. 433 in the list 
of 437 potential sites) morphed into a ‘BUSC 
variant’ (B), and was itself then shifted to 
Longlands Farm (circled).

Maps are from Pieda (1989b) site lists. The 
lower left map shows the initial ‘Sellafield’ 
location.

BBBB

AAAA

(Limestone
present)

Longlands
Farm

AAAA

AAAA

List of 437 UK potential sites drawn up in 1988 (Appendix A).



Crystalline basement 
rocks of the Cumbrian 
mountains

Longlands Farm

BGS geology map
– southern area

Sediments on basement –
so-called ‘BUSC variant’

Limestone



Topographic relief map
of West Cumbria

The relief (variation in height of 
the land surface) is the primary 
control on the hydrogeology
-and hence the safety –
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Red hatching – BGS exclusion zones.
Blue dots – Allerdale and Copeland district 
boundary (plus 5 km offshore).
Red dots – National Park boundary.

Longlands Farm

(site of the Nirex potential 
repository till 1996)

-and hence the safety –
of a potential waste repository.
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Comparison with Sweden
1. Sweden is not trying to return to an area that 
has already been found to be unsuitable.

2. Sweden is seeking to optimise radiological 
protection: “Forsmark’s advantages in terms of 
prospects for satisfying the requirement on 
long-term safety are very clear. The main 
reason is that there are few water-conducting 
fractures in the rock at repository depth. …This fractures in the rock at repository depth. …This 
provides great safety advantages for the long-
term performance of the copper canister and 
the bentonite clay”. (SKB, 2009)

3. The selected geology in Sweden is very 
different from West Cumbria (it is flat).

4. Sweden is not co-disposing SNF with ILW/LLW
5. Sweden still has problems (e.g. with copper and 
bentonite) that will also apply to W Cumbria



And now, the politics…

• “Nirex made the fatal error of choosing a 
site for political, not scientific, reasons. 
The company thought a dump close to 
Britain's largest nuclear complex would be Britain's largest nuclear complex would be 
more likely to win the support of the local 
community than a dump elsewhere. But it 
knew little then about the geology of the 
site, and has struggled ever since to come 
up with data showing it would be safe.” 
(New Scientist, 22nd March 1997)



After the 1997 planning refusal

• Two possible logical next steps: (i) Keep 
the deep disposal policy and look for sites 
elsewhere; (ii) Revise the policy and adopt 
long-term above-ground storage combined long-term above-ground storage combined 
with further research and an end to new 
wastes.

• Instead, a third option was adopted: an 
attempt to return to Longlands Farm or 
nearby (and include high-level wastes)



The plan to return to Sellafield
• In 1997 the House of Lords Technology 
Committee began the process of working 
out how to return to Longlands Farm 
despite the planning refusal

• Government cannot overturn the decision • Government cannot overturn the decision 
that the Sellafield area is geologically 
unsuitable for further investigation without 
risking legal challenge

• So: the strategy is to get the local 
authorities to rule the area back in as 
suitable for further investigation



And then…
• Once the relevant councils have ruled 
West Cumbria back in as “suitable for 
further investigation” they will no longer be 
able to bring a future legal case against 
this based on existing evidencethis based on existing evidence

• Only new evidence that is not yet known 
could be used (even though the geology is 
already well known)

• The process by which the councils are 
supposed to make “not suitable” into 
“suitable” is the Decision to Participate



• The Lords’ 1999 report recommended:
1. Changing planning law so the scientific 
evidence could never again be cross-
examined prior to site selection 

2. Paying local compensation
3. Setting up a new committee to devise a 
process to make putting the waste back process to make putting the waste back 
in West Cumbria ‘publicly acceptable’

Their Lordships refused to consider WHY 
the site had been ruled out. When they 
visited Longlands Farm a whistleblower 
reported that the repository would be 
back…



House of Lords Science and Technology Committee’s visit to 
Longlands Farm June 1998 (reported 8th April 1999 after 
publication of the Lords’ report)



Nirex’s boreholes closed
• In April 1999, Nirex applied to extend 
planning permission for 13 boreholes in 
West Cumbria

• Objectors pointed out that the boreholes 
were no longer needed because the area were no longer needed because the area 
had been ruled out as unsuitable for 
further investigation

• Planning permission was rejected (two 
votes on 24th June and 29th July 1999):  
because the boreholes were no longer 
required for their original purpose



The new geological criteria
• Professor Sir Keith O’Nions was parachuted in 
to a newly invented post: Government Director 
of Science (April ‘06 – July ‘08). 

• O’Nions is the only geologist not employed by 
Nirex who gave evidence for it at the inquiry in 
1995.

• Feb 2007: Criteria Proposals Group (CPG) and • Feb 2007: Criteria Proposals Group (CPG) and 
Criteria Review Panel (CRP) set up 

• 15th Feb: Royal Society letter: “It seems to us 
most unlikely that such work can be done, 
carefully, robustly and credibly in a few weeks” 

• April 2007: W Cumbria invited to express 
interest

• May 2007: geological criteria published



The purpose of the geological 
criteria and the BGS map

• is to create confusion about what areas 
are suitable for further investigation

• The map rules out some areas as 
unsuitable but it does not rule out all areas unsuitable but it does not rule out all areas 
that are unsuitable for investigation 

• The BGS map does not rule out Longlands 
Farm but it does NOT say that it is 
potentially suitable: this is the 
trick…MRWS Cumbria is supposed to 
volunteer the site as suitable! (a U-turn)



MRWS Consultation: 
Figure 1

This is incorrect because 
Longlands Farm and other 
sites in Cumbria are NOT 
potentially suitable

A decision to participate on 
the basis that Longlands 
Farm IS potentially suitable 
overturns the Nirex Inquiry overturns the Nirex Inquiry 
AND all the evidence that 
Copeland and Cumbria 
councils gave to the inquiry 
AND the 1999 CCC 
decision to make Nirex fill 
in its boreholes
On what basis would this 
be done?
If government later 
pressed ahead: how 
could local councils 
challenge this decision?



Geology & 
hydrogeology

x Unchanged (unsuitable)

Safety x Larger quantity of more 
dangerous wastes (heat-
generating) + co-disposal

Science and 
technology

x New problems identified 
e.g. copper corrosion, gas technology e.g. copper corrosion, gas 
generation, clay + heat

Site selection x Still political. Failure to 
optimise safety.

Socio-economic 
& environmental

x Larger footprint, National 
Park, encapsulation 
facilities, increased blight



Legal issues
• Change in planning law does not remove the 
legal requirement to choose the right geology

• Failure to consider geological suitability could 
lead to an unsafe site (due to sunk costs) or 
waste of public money & unnecessary impacts 

• BGS criteria are necessary but not sufficient: the • BGS criteria are necessary but not sufficient: the 
Nirex Inquiry findings must be taken into account

• Cumbria and Copeland previously refused 
planning permission to Nirex: a U-turn is not 
justifiable since the new plans are less safe

• On what basis would councils challenge a future 
government decision if they overturn the Nirex 
Inquiry findings now?



Conclusions
• A deep nuclear waste repository poses 
risks to future generations

• Site selection is part of ensuring safety 
(optimising radiological protection)

• Councillors have a moral (and legal) • Councillors have a moral (and legal) 
obligation to consider all the existing 
geological information at this stage

• A Decision to Participate means 
overturning the 1997 Nirex Inquiry findings

• There is no rational basis for such a 
decision and it would not be reversible



Acknowledgements to Prof. 
Haszeldine and Smythe

• For the geology slides in this presentation
• “In conclusion, Sellafield was always a 
long shot. The site was chosen for non-
scientific reasons, in a decision-making scientific reasons, in a decision-making 
process which concealed its true 
geological problems.” Dr (now Prof) Stuart 
Haszeldine & Prof David Smythe, The 
Geologist, 1997. 

• See also their submissions to the MRWS 
Cumbria Consultation


