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the professional advice included in this Report or any other services provided by us.
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any purpose other than that for which it was originally prepared, and AECOM shall not be liable for
any use of this Report by any third party.
Unless otherwise stated in this Report, the assessments made assume that the sites and facilities
will continue to be used for their current purpose without significant change.

CLESA PCRSA Review Report
December 2017
Page ii

Executive Summary
AECOM Infrastructure & Environment UK Ltd (hereafter referred to as “AECOM”) was
commissioned by Sellafield Ltd (SL) to undertake a review of the Post-Closure Radiological and
Safety Assessment for the Calder Landfill Extension Segregated Area (CLESA). CLESA is an
Environmental Permitting Regulations (EPR) authorised Low Activity - Low Level Waste (LA-LLW)
containment landfill for the disposal of non-hazardous radioactive waste generated at Sellafield.
A post-closure radiological safety assessment (PCRSA) was undertaken for CLESA in 2006,
before any wastes were disposed to the site. Further work was undertaken in 2009 to respond to
regulatory review comments from the Environment Agency (EA) on the 2006 assessment. These
two reports are collectively referred to as the original PCRSA. The PCRSA only considers the postclosure radiological impacts, i.e. the potential impacts once disposal operations have ceased and
the site has been closed.
The original PCRSA assessed the potential post-closure impacts for a generic waste stream
fingerprint that was considered to be representative of the wastes that might be disposed at
CLESA. The total activity of the generic waste stream fingerprint was 37 Bq/g. The assessment
results showed that the potential impacts were consistent with regulatory criteria. A permit for
disposals at CLESA was granted by the EA with disposal limits of 37 Bq/g alpha + beta, and 18.5
Bq/g alpha.
A number of Environmental Safety Cases (ESCs) have been issued for CLESA. The PCRSA is one
of the inputs to the ESC. The current ESC was developed in 2015, and is consistent with the EA’s
Guidance on Requirements for Authorisation for near-surface disposal facilities on land for solid
radioactive wastes. It recommended that the original PCRSA should be reviewed to ensure that it
continues to provide a best estimate of the potential post-closure impacts of CLESA. At the same
time, it recommended that the current disposal limits should be reviewed to make best use of the
radiological capacity, noting that disposals so far have been significantly below the disposal limits,
and that increasing the disposal limits might enable CLESA to receive a much wider range of
wastes, rather than transporting them offsite to other facilities. Use of an average activity limit
rather than a maximum activity limit should be considered at the same time.
This document presents the results of the review of the original PCRSA. During the course of the
review a number of updates to the PCRSA have been made, including updated conceptual and
assessment models, data, and radiological capacity calculations. The updates build further
confidence in the PCRSA by taking into account:
•

The activity in the disposals to date and monitoring results;

•

Changes in knowledge about the site and the surrounding region;

•

Changes in understanding about potential future climate and landscape change;

•

The development of updated assessment approaches and methodologies; and

•

Issues and learning from the LLWR 2011 ESC, and recent ESCs for the Clifton Marsh and
Kings Cliffe LA-LLW sites.

This means that this updated PCRSA is consistent with current best practice. The depth and
breadth of assessment is proportionate to the potential hazard associated with the current disposal
limits, and any proposals for increases to the disposal limits in the future, that remain consistent
with the disposal concept, i.e. disposal of uncontainerised, non-hazardous, LA-LLW.
The updated PCRSA results show that the existing disposals to CLESA and current disposal limits
remain consistent with regulatory criteria. An assessment of the radiological capacity has shown
that there is scope to safely increase the disposal limits. A number of options have been proposed,
all of which involve moving to an average activity limit of 200 Bq/g per consignment (a single
vehicle load), for disposals to the main body of the site. A higher maximum activity limit is proposed
for hotspots within a consignment or surface contaminated decommissioning wastes within a
consignment (40,000 Bq/g beta and 1,700 Bq/g alpha). This means that the site could safety
receive decommissioning wastes where the volume average activity is up to 200 Bq/g, but the peak
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activity is above 200 Bq/g because it is confined to the surface of the waste item (e.g. concrete
block).
1

New disposal limits may need to be lower for the shallowest disposals than for the main body of
the site, but for most radionuclides they could still be higher than the current limits. Exceptions are
future shallow disposals of Cs-137 and Ra-226, which may need to be more tightly controlled than
at present.
For the shallowest disposals, four options for disposal limits have been described and discussed.
These have been termed options A to D, with Option A being the most restrictive and Option D the
least restrictive. The differences between the options are the disposal limits, the depth to which the
limits need to be applied, and the controls that may be required to ensure the limits are met. Option
A would constrain Ra-226 concentrations to being only slightly above background. For Options A
and B, a simplified Sum of Fractions approach has been suggested to manage shallow disposals of
Cs-137 and Ra-226.
The different options reflect uncertainties in the safety assessment, and whether certain inadvertent
human intrusion calculation cases are an appropriate basis to set limits, or if they are too cautious
and should be more appropriately treated as ‘what-if?’ calculations. They also include the option to
use a thicker cap to help reduce the impacts of human intrusion, but this could reduce the
volumetric capacity of the site, unless planning permission can be obtained to increase the height
of the cap.
Existing shallow disposals are consistent with the all the options.
Sellafield Ltd’s approach is to pursue Option A, but only apply tighter limits to disposals at the top
of the site, where the risk of intrusion is greatest. The tighter limits would not be applied to the side
slopes where the risk of intrusion is lower.
Qualitative assessment, periodic review, and similar approaches should be used to make sure
CLESA does not regularly receive disposals containing significant quantities of mobile long-lived
radionuclides, in particular I-129. This applies to both the main body of the site and the shallowest
disposals.
Issue 1 of the updated PCRSA was reviewed by the EA. Responses to the EA’s comments were
provided to the EA in a Technical Note. The responses were then incorporated into Issue 2 of the
updated PCRSA, i.e. this document. In parallel with the process of writing Issue 2, the EA issued
Sellafield Ltd a permit variation with new disposal limits. The discussion of options for new disposal
limits, as summarised above, has been retained in Issue 2, to maintain the audit trail. The new
disposal limits are:

1

•

Solid waste, averaged over a consignment (single vehicle load), not exceeding 200 Bq/g.

•

Ra-226 activity concentrations in the top 3 metres of disposals in the top plane of the
facility shall not exceed 0.35 Bq/g.

•

The activity of hotspots within a consignment shall meet this requirement:
o

(α / 1,700) + (β / 40,000) < 1

o

Where:

o

α is the total surface alpha activity (Bq/g)

o

β is the total surface beta/gamma activity (Bq/g)

The shallowest disposals are those that will immediately underlie the final cap.
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These revised limits are subject to Sellafield Ltd completing the pre-operational measures specified
in the permit variation. They equate to Option C in this report, with Ra-226 only being restricted in
the top plane of the facility.
Sellafield Ltd are currently developing an updated emplacement strategy that will support disposal
of wastes with higher activities. In addition, a closure plan for CLESA will be developed. This will be
reviewed annually to determine whether it needs to be updated. A justification will be made and
recorded whether or not an update is required. This review might be part of the Annual
Performance Review.
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List of Acronyms
AES

Alternative Evolution Scenario

AH

Absolute hazardous

AN

Absolute non-hazardous

AP

(years) After Present

AOD

Above Ordnance Datum

BES

Bentonite enhanced soil / Bentonite enriched soil

BH

Borehole

BIOCLIM

Bioclimatic variables

CFA

Conditions for Acceptance

CLESA

Calder Landfill Extension Segregated Area

EA

Environment Agency

EES

Expected Evolution Scenario

ESC

Environmental Safety Cases

EPR

Environmental Permitting (England and Wales) Regulations 2010 and
subsequent amendments

ERICA

Environmental Risk from Ionising Contaminants: Assessment and Management

EWC

European Waste Catalogue

FML

Flexible membrane liner

GBI

Geosphere-Biosphere Interface

GCL

Geosynthetic clay liner

GRA

Guidance Requirements for Authorisation

HDPE

High density polyethylene

HER

Hydraulically Effective Rainfall

HRA

Hydrogeological Risk Assessment

IAEA

International Atomic Energy Agency

ILW

Intermediate Level Waste

ISAM

Improvement of Safety Assessment Methodologies for Near Surface Disposal
Facilities

LA-LLW

Low Activity – Low Level Waste

LLWR

Low Level Waste Repository

mAOD

metres above Ordnance Datum

mODN

metres above Ordnance Datum Newlyn

MHWS

Mean High Water Springs
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NES

Normal Evolution Scenario

NIEA

Northern Ireland Environment Agency

NNL

National Nuclear Laboratory

NRPB

National Radiological Protection Board

NRW

Natural Resources Wales

ONR

Office for Nuclear Regulation

PCRSA

Post-closure Radiological Safety Assessment

PCSC

Post-closure Safety Case

PEGs

Potentially exposed groups

PoA

Period of Authorisation

SEPA

Scottish Environment Protection Agency

SL

Sellafield Ltd

SLSP

Sellafield Ltd Site Procedure

TACCL

The Arley Consulting Company Ltd

UNSCEAR United Nations Scientific Committee on the Effects of Atomic Radiation
US DoE

United States Department of Environment

VLLW

Very Low Level Waste

WAC

Waste Acceptance Criteria

WHO

World Health Organisation
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1.

INTRODUCTION
AECOM Infrastructure & Environment UK Ltd (hereafter referred to as “AECOM”) was
commissioned by Sellafield Ltd (SL) to undertake a review of the Post-Closure Radiological and
Safety Assessment (PCRSA) for the Calder Landfill Extension Segregated Area hereafter
referred to as “CLESA” or “the site”. Calder Landfill Extension Segregated Area (CLESA) is
located in the south-western corner of the Sellafield site, in the north-western part of the Calder
Floodplain Landfill, some 1.5 km to the north-west of Seascale, Cumbria. CLESA is an
Environmental Permitting Regulations (EPR) authorised Low Activity - Low Level Waste (LALLW) containment landfill for the disposal of non-hazardous radioactive waste generated at
Sellafield.
A post-closure radiological safety assessment (PCRSA) was undertaken for CLESA in 2006
(Nexia, 2006) and further work (NNL, 2009) was undertaken to respond to regulatory review
comments from the Environment Agency (EA). These two reports are collectively referred to as
the original PCRSA.
The PCRSA only considers the post-closure radiological impacts, i.e. the potential impacts once
disposal operations have ceased and the site has been closed. The potential impacts were
assessed for a generic waste stream fingerprint that was considered to be representative of the
wastes that might be disposed at CLESA. The total activity of the generic waste stream
fingerprint was 37 Bq/g. The assessment results showed that the potential impacts were
consistent with regulatory criteria. An Authorisation for disposals at CLESA was subsequently
granted by the EA with disposal limits of 37 Bq/g alpha + beta, and 18.5 Bq/g alpha.
A number of Environmental Safety Cases (ESCs) have been issued for CLESA. The current
ESC (Sellafield, 2015) was developed to be consistent with the EA’s Guidance on
Requirements for Authorisation for near-surface disposal facilities on land for solid radioactive
wastes (GRA; EA et al., 2009). It recommended that the original PCRSA should be reviewed to
ensure it continues to provide a best estimate of the potential post-closure impacts of CLESA.
At the same time, it recommended that the current disposal limits should be reviewed to make
best use of the radiological capacity, noting that disposals so far have been significantly below
the disposal limits, and that increasing the disposal limits might enable CLESA to receive a
much wider range of wastes, rather than transporting them offsite to other facilities. Use of an
average activity limit rather than a maximum activity limit should be considered at the same
time.
This document presents the results of the review of the PCRSA and the potential to increase the
activity limits, including the potential for an average activity limit rather than a maximum activity
limit. The review identifies which aspects of the original PCRSA are still relevant, and where
there have been subsequent developments. In doing so, this document replaces the original
PCRSA.
Sellafield Ltd has already undertaken a gap analysis of the ESC against the GRA, and any gaps
that were not addressed by the most recent update to the ESC have been fed into the forward
programme of work (Sellafield Ltd, 2015a). In addition to reviewing the PCRSA and considering
options for updated activity limits, this study undertakes activities identified in the forward
programme of work to review the potential for coastal erosion and flooding, and to undertake an
updated assessment of the potential post-closure impacts of CLESA for non-human biota using
current assessment approaches, including the ERICA tool (Brown et al., 2016 and Attachment
F-1 UNSCEAR, 2013 / United Nations, 2014).
This review is being undertaken using a stepwise, systematic approach, consistent with best
practice approaches for developing a PCRSA, e.g. the IAEA ISAM methodology for nearsurface disposal facilities (Figure 1; IAEA, 2004). This approach supports a review which follows
the ‘chain of logic’ underpinning the current disposal limits. This report is structured to reflect the
stepwise review approach, and the outputs are therefore consistent with developing a PCRSA
that will underpin future updates to the ESC to meet the requirements of the current GRA.
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Figure 1. The IAEA ISAM Methodology
This report is structured as follows:
•
•
•
•
•
•
•

Section 2 describes the assessment context.
Section 3 describes the system and reviews disposal records, monitoring data and
operational practices and experience.
Section 4 reviews the assessment scenarios and calculation cases.
Section 5 reviews the assessment models.
Section 6 presents updated assessment results.
Section 7 presents the interpretation of the updated assessment results, and considers
the radiological capacity of the site.
Section 8 presents implications for waste acceptance criteria and options for revised
disposal limits.

A key goal of the GRA is to support proportionate regulation, and the complexity of submissions
should be proportionate to the hazard. Therefore it is appropriate to use this approach within a
targeted and proportionate review process. The approach is also intended to help build
regulatory confidence that the review has considered the key matters of importance.
The review has been developed through two iterations: an initial review followed by the main
review. This iterative approach is consistent with the GRA, ISAM methodology and other
examples of best practice. The initial review phase undertook a high level review of the original
PCRSA as a whole, and presented initial options for updates to the activity limits. The main
review phase then undertook a more detailed review of the PCRSA and refined the potential for
updates to disposal limits, including confirming that the underpinning assessments were suitably
quality assured.
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This document presents the results of the complete review and is the final review report. Issue 1
of the updated PCRSA was reviewed by the EA. Responses to the EA’s comments were
provided to the EA in a Technical Note. The responses were then incorporated into Issue 2 of
the updated PCRSA, i.e. this document. In parallel with the process of writing Issue 2, the EA
issued Sellafield Ltd a permit variation with new disposal limits (EA, 2017). The discussion of
options for new disposal limits (Section 8) has been retained in Issue 2, to maintain the audit
trail.
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2.

ASSESSMENT CONTEXT

2.1

Regulatory Context
All safety and security (i.e. non-environmental) matters relating to the operation of the site are
regulated by the Office for Nuclear Regulation (ONR).
Environmental matters relating to the operation of the site are regulated by the Environment
Agency (EA). The EA attaches limits and conditions to permits under the Environmental
Permitting (England and Wales) 2010 Regulations and subsequent amendments (EPR) for the
disposal of radioactive waste. These limits and conditions are binding on operators and provide
the means by which the Environment Agency regulates the development and operation of a
near-surface disposal facility for radioactive waste.
The developers and operators of near-surface facilities for solid radioactive waste disposal have
to demonstrate that their facilities will properly protect people and the environment. They need
to show that their approach to developing the facilities and the location, design, construction,
operation and closure of the facilities will meet a series of principles and requirements. The
GRA sets out these principles and requirements to provide guidance to developers and
operators of near surface repositories in compliance with their permit authorisations. The GRA
also provides information about the associated framework of legislation, government policy and
international obligations. There have been a number of legislative and policy updates
subsequent to publication of the GRA in 2009, and supplementary guidance notes have been
published.
The Post-Closure Radiological Safety Assessment (PCRSA) evaluates the potential radiological
impacts of the site once disposal operations have been completed and following final closure of
the site at the end of any period of institutional control. The results of the PCRSA need to be
assessed against requirements R6, R7 and R9 (post-closure only) of the GRA:
•

Requirement R6: Risk guidance level after the period of authorisation. After the period
of authorisation, the assessed radiological risk from a disposal facility to a person
representative of those at greatest risk should be consistent with a risk guidance level of
10-6 per year (i.e. 1 in a million per year).

•

Requirement R7: Human intrusion after the period of authorisation. The
developer/operator of a near-surface disposal facility should assess the potential
consequences of human intrusion into the facility after the period of authorisation on the
basis that it is likely to occur. The developer/operator should, however, consider and
implement any practical measures that might reduce the chance of this happening. The
assessed effective dose to any person during and after the assumed intrusion should
not exceed a dose guidance level in the range of around 3 mSv y -1 to around 20
mSv y-1. Values towards the lower end of this range are applicable to assessed
exposures continuing over a period of years (prolonged exposures), while values
towards the upper end of the range are applicable to assessed exposures that are only
short term (transitory exposures).

•

Requirement R9: Environmental radioactivity. The developer/operator should carry out
an assessment to investigate the radiological effects of a disposal facility on the
accessible environment, both during the period of authorisation and afterwards with a
view to showing that all aspects of the accessible environment are adequately
protected.

The Environment Agency has issued supplementary guidance (EA, 2012) to the GRA about
meeting the requirements of the Groundwater Directive (Directive 2006/118/EC). It identifies the
requirements of the GRA that if met, would enable the EA to permit the disposal of solid
radioactive waste as compliant with the groundwater activity provisions of EPR10. Of the
requirements identified by EA (2012), only R6 is within the scope of this review.
A key goal of the GRA is to support proportionate regulation, and the complexity of submissions
should be proportionate to the hazard. CLESA receives Low Activity – non-hazardous Low
Level Waste (LA-LLW) radioactive waste generated at Sellafield. The current activity
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acceptance levels are low: 37 Bq/g alpha + beta and 18.5 Bq/g alpha. The majority of the
wastes comprise soil / spoil and decommissioning wastes (brick, concrete – expected to be a
greater proportion of waste in the future) with a small amount of putrescible waste. The hazard
posed by the site is intrinsically low. Therefore, while this review aims to be systematic,
comprehensive and robust, the depth of analysis is proportionate to the hazard. However, the
depth of analysis also takes into account the need to ensure it is also proportionate to the
greater hazard the site may pose if the activity limits or the range of wastes suitable for disposal
were increased in the future.
The results of the PCRSA can be used to calculate the safe radiological capacity of the site, and
can be used to inform safe disposal limits and other Waste Acceptance Criteria (WAC). The
scope of this report is limited to calculating the radiological capacity, and discussing the
potential to increase the current disposal limits.
The results of the PCRSA are intended to be fed into the Environmental Safety Case (ESC) and
a permit application to change the disposal limits.
It is important that the PCRSA is consistent with the requirements of the GRA and provides the
information needed to underpin future updates to the ESC, and any associated permit
applications.
2.2

Assessment Approach and Timeframes
Approach
As discussed previously, the review is being undertaken following the IAEA ISAM methodology,
which is regarded as a best practice approach. This systematic, step-wise approach supports a
comprehensive review which follows the chain of logic underpinning the current disposal limits,
and providing outputs that will underpin future updates to the ESC to meet the requirements of
the current GRA. It also provides a structured framework to incorporate ongoing updates to
PCRSA in the future, for example different scenarios and calculation cases reflecting changes in
assumptions or understanding, or for wider exploration of uncertainties.
Although this review is only considering the post-closure radiological impacts, it is important that
the scenarios and calculation cases, and underpinning assumptions, are not inconsistent with
the operational safety assessment, or operational or post-closure assessments for nonradiological contaminants.
Timeframes
The important timeframes for the PCRSA are:
•

The operational phase.

•

The subsequent period of institutional control, during which the site will continue to be
managed and access controlled.

•

The post-closure phase, when controls have been removed, lasting until the potential
impacts of the site are no longer significant.

Once the volumetric or radiological capacity of the site has been reached (whichever is sooner),
the wastes will be capped to minimise infiltration of rainwater and generation of leachate, reduce
the risk of inadvertent human intrusion and biointrusion, and prevent dispersion of the wastes
through physical processes such as transport of particulates (dust) by wind 2. Other engineering

2

A closure plan for CLESA will be developed (a requirement of the permit), and an annual
review to determine whether it needs to be updated will be undertaken. A justification will be
made and recorded whether or not an update is required. This review might be part of the
Annual Performance Review.
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measures may also be emplaced to ensure the long-term safe passive evolution of the site, for
example this might include a passive drainage system to manage the small amounts of water
that may infiltrate the cap. Final capping and any other closure engineering measures will be
implemented as soon as practicable after completion of disposals in order to minimise infiltration
into the wastes.
Following capping there will be a period of institutional control during which access to the site
will be controlled. This will prevent inadvertent intrusion into the site. Monitoring will be
undertaken to build confidence the site and engineering are performing as anticipated. During
the period of institutional control the shorter lived radionuclides will decay significantly so the
radiological hazard will decrease. At the end of the Period of Authorisation (PoA), management
and monitoring of the site will cease, control will be withdrawn and uncontrolled access will be
possible. This is the start of the post-closure phase. The PCRSA assumes that at this time the
site will be released for unrestricted use, albeit controlled by the planning regulations of the
time. Planning covenants and societal memory may initially limit the range of activities that
occur at the site, and the resultant potential impacts.
According to the CLESA ESC (Sellafield Ltd, 2015a):
“The current defined end state for the Sellafield Site is a site under institutional control
(Sellafield Ltd, 2010a). The Sellafield Plan (Sellafield Ltd, 2011) states that the
Sellafield land and groundwater remediation programme will deliver clean-up of the
Sellafield Site to the agreed end-state of partial remediation, followed by indefinite
institutional control. The site end state is also linked to the contaminated land and
groundwater issues associated with the site. The final end state decision and the level
of final remediation are linked. The LTP 10 assumption was that the end state of the
site would be a brownfield site with buildings demolished to foundations, (except for
any remaining stores), ground LLW & ILW retrieved and VLLW (now referred to as
LA-LLW in this context) left in-situ. The final decision over the level of remediation is
not due until 2035 (Sellafield Ltd, 2010b). The current Sellafield Performance Plan
(Sellafield Ltd, 20143) has as an underpinning assumption that the waste in CLESA
will remain in situ”.
While in practice very long term institutional control may be implemented, relying upon that
assumption is not a suitable basis for an ESC (Sellafield Ltd, 2015a). In addition it is plausible
that some areas of the site may be released from institutional control once site restoration works
have been completed (currently scheduled for c. 2120), and potentially this might include the
landfills.
The longest institutional control period that is typically considered appropriate as a baseline
assumption in international waste management guidance and projects is 300 years. The GRA
notes that:
“Because of the major social changes that may take place over long periods of time, it
is unlikely that the environmental agencies would accept a claim for active institutional
control lasting longer than 300 years after the end of waste emplacement”
(Environment Agency et al., 2009).
The maximum period of institutional control considered for CLESA is therefore 300 years after
closure. Closure is expected to be in the early 2030s, so the maximum period of institutional
control is to c.2330. For the wider Sellafield site, institutional control could be in place for up to
300 years following completion of site restoration, i.e. starting at 2120 and lasting to 2420.
During the period of institutional control, the radioactive inventory in the site will decrease due to
radioactive decay. However, the inventory remaining at the end of the period of institutional
control could still be a potential hazard. This hazard will generally continue to decrease during

3

Sellafield Ltd (2014b) in this report.
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the post-closure phase due to continuing radioactive decay, although for some radionuclides the
hazard can increase due to ingrowth.
The coastline is not notably eroding at present. However, it is anticipated that this will change in
the future in response to climate change and sea level rise. The coastline should not be
expected to simply recede to the topographic contour that corresponds to the new sea level.
Instead, the coastal geomorphology is expected to evolve towards a new equilibrium state that
reflects the altered sea level, wave and sediment dynamics. The combination of increased sea
level and a likely increase in the frequency of storm events will result in net offshore removal of
sediment. Ultimately CLESA is likely to be disrupted by coastal erosion.
Disruption and dispersion of the wastes by coastal erosion may increase the impacts of the site.
However, once the site has been completely eroded the impacts are expected to return to their
decreasing trend.
The assumption that CLESA will be disrupted by coastal erosion is consistent with the results of
the detailed coastal characterisation and evolution modelling that has been undertaken in
support of the ESC for the LLWR. The LLWR is located approximately 4 km to the south-west of
CLESA, and is a minimum of ~300 m from the coast. At its nearest point to the coast, the
natural ground elevation is 20 m AOD, and the basal elevation of the LLWR is 15 m AOD (Vault
8).
The LLWR 2011 ESC assumed that sea level rise would be 0.14 to 0.74 m at 2100 AD,
increasing to 1.1 to 21.1 m at 3000 AD (Figure 2; Fish et al., 2010). It was assumed that
disruption of the LLWR by coastal erosion would begin between on a timescale of a few
hundred years to a few thousand years (LLWR. 2011a).
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Figure 2. Sea level projections and rates of change for the LLWR 2011 ESC (Fish et al.,
2010)
Equivalent coastal evolution assessments have not been undertaken for Sellafield, but slightly
older assessments are available. Nexia (2006) cite coastal change erosion projection modelling
undertaken by Halcrow (2006) that indicates in the absence of coastal defences, erosion of
CLESA could begin in approximately 100 years’ time. However, CLESA would likely still be
under institutional control at this time, and Sellafield Ltd plans to maintain appropriate coastal
erosion and flooding defences during this period (Sellafield Ltd., 2015a). Coastal defences
could also be constructed for other reasons, for example to protect the railway line or the
adjacent Moorside site if construction of the proposed new nuclear power station proceeds. A
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review undertaken as part of this study, and presented subsequently in this report, suggests the
earliest time for erosion of CLESA to begin in the absence of coastal defences is 200 years.
Although coastal defences may delay disruption of CLESA by coastal erosion, it is anticipated
that ultimately disruption will occur.
Overall, an assessment timeframe of 600 years is proposed, with:
•

Institutional control potentially ending sometime after 2120 AD, i.e. c100+ years; and

•

Coastal erosion commencing in 200 years to 400 years’ time (depending on the rate of
erosion and actions taken to defend the coastline), and taking 50 years to 200 years to
complete (depending on the rate of erosion).
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3.

SYSTEM DESCRIPTION

3.1

Site Location
CLESA is located on the south-western corner of the Sellafield site, adjacent to the confluence
of the River Calder and River Ehen (Figure 3 and Figure 4). It is located adjacent to the coast,
and the basal elevation is ~10 m AOD as shown in Drawing No.05327-18A.

Figure 3. Aerial Photograph showing CLESA in the foreground
3.2

Site Setting
The Sellafield Site is on the south western edge of the West Cumbrian coastal plain adjacent to
the Irish Sea. At this point the coastal plain is about 5 km wide and rises to the northeast into
the Lake District Uplands. The site generally slopes down towards the coast.
Across much of the central area of the site, the elevation is between 15 m and 25 m Above
Ordnance Datum (AOD). At the south western corner, adjacent to the River Ehen, this reduces
to about 5 m AOD.
CLESA is located in the south western corner of the Sellafield site, in the north-western part of
the Calder Floodplain Landfill (Figure 4).
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Figure 4. CLESA Map (Sellafield Ltd, 2015a)

The Sellafield Site is built on a series of Quaternary deposits, including tills and outwash
materials. The drift unconformably lies on older Permo-Triassic sandstones (Figure 6), which
reach a depth in excess of 1000 m below the site. Rockhead reaches a maximum of c.2 to 4 m
AOD below CLESA, and then falls away to the south-west, such that the thickness of the drift
increases (Figure 5). The regional groundwater system is in the drift (Figure 6, Figure 7), which
is classified as a Secondary A Aquifer (formally minor aquifer), and the underlying sandstone.
The Permo-Triassic sandstone is a Principal Aquifer (formally major aquifer).
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Figure 5. Rockhead (Smith and Cooper, 2004)

Groundwater discharges at the coast, and also to the River Calder adjacent to CLESA. At low
tide, freshwater seeps are visible on the foreshore. (It is noted that the original PCRSA does not
differentiate the storm beach and the foreshore, and therefore describes groundwater
discharges as being to the beach and local coastal waters). There are numerous groundwater
extractions across the local area, but currently there are no groundwater abstractions down
hydraulic gradient of the Sellafield site.

Figure 6. Simplified geological cross-section, showing groundwater elevation in December
2004 (Nexia, 2006)
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Figure 7. Groundwater heads December, 2004 (Nexia, 2006)

Figure 8. 1970s Aerial Photograph
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There are three major surface water features adjacent to CLESA: the River Calder, the River
Ehen (Figure 4) and the Irish Sea which lies immediately to the west of the site.
The River Calder flows towards the Sellafield site from the north. Once it reaches the site it
flows from north-northeast to south-southwest. The river has been straightened and canalised
along the reach next to the Calder Hall power station, including the region between the South
Landfill and Calder Floodplain Landfill (Figure 8 and Figure 9).
The River Ehen flows in to the southeast, roughly parallel to the coast in the region of the South
Landfill. The two rivers join adjacent to South Landfill and discharge to the Irish Sea.
A small stream, Newmill Beck, runs close to the eastern and southern boundaries of Calder
Floodplain Landfill (Figure 4). This feeds two natterjack toad ponds (Figure 4) and then enters
the Calder estuary, with an overflow contingency culvert that joins the River Calder upstream of
its confluence with the River Ehen.
Sellafield Ltd also manages South Landfill (adjacent to the Sellafield Site Sewage Treatment
Works) and the Calder Floodplain Landfill sites, all of which are closed (Figure 4). The waste
contained within these landfills comprises excavation spoil and construction demolition wastes,
which are contaminated with low levels of radioactivity – with authorised limits of 37 Bq/g total
activity for South Landfill and 3.7 Bq/g total activity for Calder Landfill Extension Main Area
(Sellafield Ltd, 2015a).

Figure 9. 1966 Aerial photo with the location of the tips and evolving course of the rivers
superimposed (Nexia, 2006)
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The beach and local coastal waters adjacent to the site are used for both recreational and
occupational activities, for example dog walking and fishing. There is a golf course to the south
of the Sellafield Site. The rivers Calder and Ehen are open to the public, however access is
difficult and these areas are rarely exploited present day (Nexia, 2006). The area surrounding
the Sellafield site is mainly agricultural land. The farmland to the northwest and adjacent to the
Sellafield site is the location of the Moorside site, which is a proposed new nuclear power
station.
3.3

CLESA Landfill
CLESA is an EPR authorised Low Activity - Low Level Waste (LA-LLW) containment landfill for
the disposal of non-hazardous radioactive waste generated at Sellafield. CLESA has an
approved list of materials to be accepted. The site comprises three hydraulically separate basal
cells, a large side slope area and is adjacent to, and extends over wastes deposited at the
closed Calder Landfill and Calder Landfill Extension Sites (Figure 10). The base and side slopes
of CLESA have engineered containment systems, and the site has a leachate collection system.

Figure 10. Plan view of CLESA, showing the basal and side slope areas and the three
basal cells
The basal area occupies approximately 7,200 m 2 (Sellafield Ltd, 2015a) and the containment
lining system consists of a composite liner comprising a 500 mm thick bentonite enriched sand
-10
(BES) barrier, engineered to achieve a minimum permeability of 5 x 10 m/s and a 2 mm thick
High Density Polyethylene (HDPE) Flexible Membrane Liner (FML). The base of the cells is at
an elevation of approximately 10 m AOD.
Leachate drainage measures were installed in each of the three basal cells. The FML is first
protected by a 100 mm thick layer of sand, with collector pipework laid on the 1:50 sloping basal
layer. These pipes run down-gradient to extraction sumps and pumps. The base is then overlain
by a 400 mm thick river gravel layer. Leachate is collected by gravity and directed to the sumps,
from which pumped transfer from CLESA is undertaken to the SL sewage treatment works, after
which treated leachate is discharged in accordance with the site permit. It is possible that the
leachate drainage route will be re-routed to the Calder Interceptor Sewer in the future.
The extraction sumps are located at the west end of the cells. Monitoring results indicate that
the cells are usually dry with little or no free leachate standing on the liner. The total volume of
water pumped varies between 7650 m 3/y and 11,895 m 3/y (TACCL, 2012). The mid value is
9773 m3/y.
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The side slope containment lining system occupies 6,400 m 2 (Sellafield Ltd, 2015a) and was
installed directly over waste deposited in the adjacent Calder Landfill Site and Calder Landfill
Extension. The side slope lining system comprises the following components:
•

Sacrificial geotextile.

•

Textured High Density Polyethylene (HDPE) Flexible Membrane Liner (FML).

•

Geosynthetic Clay Liner (GCL).

•

Non-woven protector geotextile.

•

Reinforcing geogrid.
2

The total plan area of the site is therefore 13,600 m .
3.4

Wastes
Waste materials to be disposed to CLESA are controlled by ‘Conditions for Acceptance’ (CFA)
(Sellafield Ltd, 2014a) issued by the Solid Waste Operating Unit and this gives the current
requirements to be met for CLESA to accept consignments of ‘Permitted Materials’ for disposal
at the landfill on the Sellafield Site. The current waste categories for CLESA are:
•

Naturally occurring rocks and sub-soils.

•

Ceramic and/or cemented materials.

•

Bird and small mammal carcasses.

•

De-watered sewage cake.

•

De-watered cooling tower sludges.

•

Roof wastes.

•

Timber.

•

De-watered road sweepings.

•

De-watered surface water drainage system sludges.

•

Vegetation.

•

Organic soils such as topsoils or peat.

•

Plastic associated with waste containment.

•

The sacrificial geotextile currently offering UV (ultra violet) protection for the side slope
geomembrane.

•

Hessian sandbags and waste sand.

•

Plastic rope linking sandbags.

•

Miscellaneous maintenance, consumables and operational wastes from CLESA.

•

Bituminous mixtures.

•

Authorised waste types containing decothane.

•

Other, including used and processed / prepared mineral materials.
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The actual waste type, volumetric and radiological inventory for CLESA has been calculated
from disposal records from site opening in 2006 till 31/07/14 (see Appendix 3 of Sellafield Ltd,
2015a). The composition of the existing CLESA disposals is shown in Figure 11. They
dominantly comprise soil/spoil, with a smaller amount of demolition waste and a minor amount
of putrescible waste.

Figure 11. Composition of Existing CLESA disposals (Sellafield Ltd, 2015a)
CLESA has a volumetric capacity of 120,000 m 3. At the end of July 2014 CLESA had received
3
45,052 m of wastes and was 37.5 % full by volume. The approximate density of the emplaced
3
waste was calculated to be 2,030 kg/m .
The original PCRSA (Nexia, 2006) assumed a generic waste stream fingerprint that was
considered to be representative of the wastes that might be disposed at CLESA. This was
based on the disposals from Sellafield to Vault 8 at the LLWR from 1993 to 1998. The total
activity of the generic waste stream fingerprint was 37 Bq/g. The PCRSA assumed a volumetric
capacity of 115,000 m 3 and a waste density of 1,590 kg/m 3, giving a total inventory of 6.77 TBq,
for the generic waste fingerprint. 37 Bq/g is above the limit of 4 Bq/g total activity for high
volume VLLW, but below the 200 Bq/g bounding value for the informal category of LA-LLW
(Cassidy, 2013).
For the original PCRSA assessment calculations, Nexia (2006) screened the inventory to
exclude the short-lived radionuclides, e.g. Ru-106, that would not contribute significantly to postclosure impacts. The screened assessment inventory used was 5.68 TBq composed of 0.27
TBq (4.8%) alpha and 5.41 TBq (95.2%) beta, as shown in Table 1.

CLESA PCRSA Review Report
December 2017
Page 16

Table 1. PCRSA Radiological Inventory (Sellafield Ltd, 2015a)
PCRSA
Total
Inventory
TBq/m3
H3
C 14
S35
Cl 36
Ca 41
Ca45
Cr51
Mn 54
Fe 55
Co58
Co 60
Ni 59
Ni 63
Zn 65
Se 79
Sr89
Sr 90
Zr 93
Zr95
Nb 93m
Nb 94
Nb95
Tc 99
Ru103
Ru 106
Ag 108m
Sn 126
I125
I 129
I131
Cs 134
Cs 135
Cs 137
Ce 144
Pm 147
Sm 151
Eu 152
Eu 154
Eu 155
Ta182
Pb 210
Po210
Ra 226
Th 229
Th 230
Th 232
Pa 231
U 233
U 234
U 235
U 236
U 238
Np 237
Pu 238
Pu 239
Pu 240
Pu 241
Pu 242
Am 241
Am 242m
Am 243
Cm 242
Cm 243
Cm 244
Other a
Other b/g
Total alpha
Total beta/gamma
Total activity

2.36E-06
5.65E-05
5.89E-05

PCRSA
PCRSA
Total
Total
Inventory Inventory
Bq/g

TBq
3.12E-02
2.83E-03
8.55E-05
4.21E-09
5.04E-11
8.13E-10
2.77E-06
1.29E-02
3.22E-04
2.36E-04
1.40E-01
1.39E-12
2.12E-04
4.07E-03
7.29E-13
1.42E-05
6.56E-01
2.30E-06
3.88E-02
7.76E-13
2.95E-11
5.69E-02
5.27E-02
4.76E-03
5.22E-01
3.36E-11
8.80E-20
1.40E-05
1.04E-03
2.74E-09
1.13E-01
5.87E-18
3.57E+00
2.66E-01
5.40E-02
3.95E-04
2.11E-05
5.06E-03
3.71E-03
2.65E-11
1.65E-15
1.15E-06
2.13E-03
1.77E-06
1.34E-08
1.26E-05
7.67E-11
3.23E-05
5.75E-02
1.21E-03
7.86E-03
3.96E-02
1.71E-03
3.39E-02
5.48E-02
2.33E-02
9.59E-01
1.05E-05
4.76E-02
2.02E-06
2.59E-11
1.00E-03
1.58E-06
5.88E-04
2.20E-04
2.24E-03
1.48E+00 2.71E-01
3.55E+01 6.50E+00
3.70E+01 6.77E+00

PCRSA
Total
Inventory
%
0.46092%
0.04181%
0.00126%
0.00000%
0.00000%
0.00000%
0.00004%
0.19057%
0.00476%
0.00349%
2.06825%
0.00000%
0.00313%
0.06013%
0.00000%
0.00021%
9.69124%
0.00003%
0.57320%
0.00000%
0.00000%
0.84060%
0.77855%
0.07032%
7.71163%
0.00000%
0.00000%
0.00021%
0.01536%
0.00000%
1.66938%
0.00000%
52.74044%
3.92968%
0.79775%
0.00584%
0.00031%
0.07475%
0.05481%
0.00000%
0.00000%
0.00002%
0.03147%
0.00003%
0.00000%
0.00019%
0.00000%
0.00048%
0.84946%
0.01788%
0.11612%
0.58502%
0.02526%
0.50081%
0.80957%
0.34422%
14.16753%
0.00016%
0.70321%
0.00003%
0.00000%
0.01477%
0.00002%
0.00869%
0.00325%
0.03315%
4.01061%
95.98939%
100.00000%

PCRSA
PCRSA
PCRSA
PCRSA
Assessment Assessment Assessment Assessment
Inventory
Inventory
Inventory
Inventory
TBq/m3
2.71E-07
2.46E-08

Bq/g
1.71E-01
1.55E-02

TBq
3.12E-02
2.83E-03

%
0.55%
0.05%

3.66E-14
4.38E-16

2.30E-08
2.76E-10

4.21E-09
5.04E-11

0.00%
0.00%

1.22E-06

7.66E-01

1.40E-01

2.46%

1.84E-09

1.16E-03

2.12E-04

0.00%

5.70E-06
2.00E-11

3.59E+00
1.26E-05

6.56E-01
2.30E-06

11.54%
0.00%

6.75E-18

4.24E-12

7.76E-13

0.00%

4.58E-07

2.88E-01

5.27E-02

0.93%

9.04E-09

5.69E-03

1.04E-03

0.02%

3.10E-05

1.95E+01

3.57E+00

62.81%

1.43E-20

9.02E-15

1.65E-15

0.00%

1.85E-08
1.54E-11
1.17E-13
1.10E-10
6.67E-16
2.81E-10
5.00E-07
1.05E-08
6.83E-08
3.44E-07
1.49E-08
2.95E-07
4.77E-07
2.03E-07
8.34E-06
9.13E-11
4.14E-07
1.76E-11

1.16E-02
9.68E-06
7.33E-08
6.89E-05
4.19E-10
1.77E-04
3.14E-01
6.62E-03
4.30E-02
2.17E-01
9.35E-03
1.85E-01
3.00E-01
1.27E-01
5.24E+00
5.74E-05
2.60E-01
1.10E-05

2.13E-03
1.77E-06
1.34E-08
1.26E-05
7.67E-11
3.23E-05
5.75E-02
1.21E-03
7.86E-03
3.96E-02
1.71E-03
3.39E-02
5.48E-02
2.33E-02
9.59E-01
1.05E-05
4.76E-02
2.02E-06

0.04%
0.00%
0.00%
0.00%
0.00%
0.00%
1.01%
0.02%
0.14%
0.70%
0.03%
0.60%
0.96%
0.41%
16.87%
0.00%
0.84%
0.00%

8.70E-09

5.47E-03

1.00E-03

0.02%

5.11E-09

3.22E-03

5.88E-04

0.01%

2.36E-06
4.71E-05
4.94E-05

1.48E+00
2.96E+01
3.11E+01

2.71E-01
5.41E+00
5.68E+00

4.77%
95.23%
100.00%
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Sellafield Ltd (2015a) compared the actual disposals to the original PCRSA inventory and
reported that:
“… approximately 98% of the disposals to CLESA were below an activity of 4 Bq/g
compared to the permit limit of 37 Bq/g. Average disposal activity was 2.12 Bq/g.
Alpha activity accounted for 34% of the disposal activity (0.72 Bq/g) and beta activity
66% of the total (1.4 Bq/g). The maximum project waste total activity was 18 Bq/g,
with a maximum project alpha activity of 10 Bq/g and a maximum project beta activity
of 14 Bq/g (though these activities were for a very small proportion of the waste
disposed of at CLESA). This compares to the PCRSA assumed distribution of 4%
alpha (1.48 Bq/g) and 96% beta (35.5 Bq/g).
Radiologically, disposals at 31/07/14 were 0.194 TBq compared to the PCRSA
anticipated capacity of 6.77 TBq, i.e. 2.9% of PCRSA calculated total CLESA
radiological capacity. Alpha disposals are running at 49% of PCRSA total inventory
Bq/g assumptions while beta disposals are running at 4%. This can partly be
explained by the background activity of soil at Sellafield which has been measured
(Ref. 60) at 1.31 Bq/g (0.56 Bq/g alpha, 0.75 Bq/g beta). Soil and spoil compose the
vast majority (77%) of CLESA disposals. If this background activity is subtracted from
4
all CLESA disposals it would reduce the CLESA disposals activity further to 0.81
Bq/g total (0.17 Bq/g alpha (20%) and 0.65 Bq/g beta (80%)). In terms of Bq/g this is
well below the 37 Bq/g PCRSA assumed figure, with alpha disposals being 11% of the
inventory assumption and beta disposals being 2%. CLESA disposals are on average
much lower than the permit limits of 37 Bq/g total activity and 18.5 Bq/g alpha activity”.
The full radionuclide fingerprint of the existing disposals has not been recorded. However,
subsequent to the original PCRSA, Sellafield Ltd developed a generic full fingerprint for actual
disposals to CLESA from 22 project fingerprints. This is reported in the UK National Inventory as
waste stream 2Y57 and is shown in Table 2. Full fingerprints have only been established for a
limited number of the existing disposals. For the majority of disposals, only total alpha, alpha +
beta and Cs-137 have been reported. Therefore the average alpha and alpha + beta activities
for 2Y57 are different to the average for all the disposals to CLESA reported in Sellafield Ltd
(2015a).

4

Note this calculation slightly overestimates the contribution of background activity, as 23% of
the wastes do not comprise soil/spoil, and therefore background activity should not be
subtracted for these waste types. Nevertheless, the calculation illustrates that a significant
proportion of the activity in disposals to date is background activity, especially for alpha.
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Table 2. CLESA generic waste fingerprint (waste stream 2Y57: Sellafield Ltd, 2016a)
3

Beta/Gamma

Activity (TBq/m )

%

Bq/g*

Co60

6.64E-08

1.1%

4.90E-02

Ru106

1.38E-08

0.2%

1.02E-02

Sb125

3.94E-09

0.1%

2.91E-03

Cs134

9.71E-09

0.2%

7.17E-03

Cs137

6.61E-07

10.9%

4.88E-01

Ce144

1.68E-08

0.3%

1.24E-02

Sr90

6.23E-07

10.2%

4.60E-01

Eu154

1.84E-09

0.0%

1.36E-03

Pu241

4.12E-07

6.8%

3.05E-01

C14

4.40E-08

0.7%

3.25E-02

H3

1.42E-06

23.4%

1.05E+00

I129

2.51E-08

0.4%

1.85E-02

Fe55

4.43E-07

7.3%

3.27E-01

Ag110m

1.12E-11

0.0%

8.24E-06

Co57

2.75E-11

0.0%

2.03E-05

Co58

1.16E-11

0.0%

8.54E-06

Tc99

7.77E-08

1.3%

5.74E-02

Eu152

1.99E-11

0.0%

1.47E-05

Eu155

2.26E-09

0.0%

1.67E-03

Mn54

1.02E-09

0.0%

7.53E-04

Zn65

1.67E-11

0.0%

1.24E-05

Nb95

7.57E-12

0.0%

5.59E-06

Zr95

1.32E-11

0.0%

9.72E-06

Pm147

3.16E-08

0.5%

2.33E-02

Ni63

7.34E-08

1.2%

5.42E-02

Sm151

2.31E-10

0.0%

1.70E-04

Cl36

7.14E-08

1.2%

5.27E-02

Total Beta/Gamma

4.00E-06

65.8%

2.96E+00

Alpha

Activity (TBq/m )

%

Bq/g

Pu238

2.93E-08

0.5%

2.16E-02

Pu239

6.06E-08

1.0%

4.48E-02

Pu240

5.69E-08

0.9%

4.20E-02

Pu242

1.18E-09

0.0%

8.70E-04

Th228

4.63E-09

0.1%

3.42E-03

Th229

0.00E+00

0.0%

0.00E+00

Th230

7.99E-09

0.1%

5.90E-03

Th232

4.59E-09

0.1%

3.39E-03

U232

2.30E-09

0.0%

1.70E-03

U233

1.26E-07

2.1%

9.32E-02

U234

6.25E-07

10.3%

4.62E-01

U235

1.12E-07

1.8%

8.28E-02

3
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7.07E-08

1.2%

5.22E-02

U238

7.45E-07

12.3%

5.50E-01

Cm242

5.40E-10

0.0%

3.99E-04

Cm243

3.90E-10

0.0%

2.88E-04

Cm244

7.74E-09

0.1%

5.71E-03

Cm245

6.85E-08

1.1%

5.06E-02

Cm246

6.31E-09

0.1%

4.66E-03

Ra226

6.64E-08

1.1%

4.91E-02

Am241

5.83E-08

1.0%

4.30E-02

Np237

2.36E-08

0.4%

1.74E-02

Total Alpha

2.08E-06

34.2%

1.54E+00

U236

Total Activity
6.08E-06
100.0% 4.49E+00
3
*Calculated assuming an average density of 1354 kg/m for the
contributing waste streams.

Sellafield Ltd (2015a) considers what the final radiological inventory may be, if future disposals
are similar to the existing disposals:
“If current waste disposal specific activities are continued, CLESA would close with an
inventory of 0.52 TBq total activity (uncorrected for soil background) (0.18 TBq alpha
and 0.34 TBq beta). This is 7.7% of the PCRSA assumed total inventory (66% of the
alpha PCRSA total inventory, 5% of the beta PCRSA total inventory). If soil
background activity is subtracted these inventories would be reduced significantly,
especially for alpha”.
Analysis of the existing disposals indicates that the full radiological capacity of CLESA, based
on the original 2006 PCRSA may not be utilised. The disposal limits could therefore potentially
be increased without exhausting the radiological capacity. For example, if the final inventory
was to include the 6.77 TBq assumed in the PCRSA, the average activity of future disposals
would then have to be 1.37 Bq/g alpha and 41.9 Bq/g beta, total 43.2 Bq/g, assuming an
emplaced density of 2030 kg/m 3. It is noted that 1.37 Bq/g is actually lower than the waste
stream inventory of 1.48 Bq/g assumed in the PCRSA. This is because the original PCRSA
3
assumed a waste density of 1590 kg/m , but the actual emplaced density is approximately
3
2030 kg/m .
The relationship between emplaced waste density and inventory is relevant to note. Increasing
the density of the waste compared with the assumptions made in the PCRSA could result in the
radiological capacity of the site being reached before the volumetric capacity. CLESA’s current
authorisation does not include a total activity limit. However, Sellafield Ltd record the activity of
each consignment and have kept use of the radiological capacity calculated by the original
PCRSA under review, as illustrated by the CLESA ESC (Sellafield Ltd, 2015a).
The radiological capacity of the site is updated in this document, with the underpinning
3
calculations assuming an emplaced waste density of 2030 kg/m . This value is derived from
consignment data and total volume usage records. Sellafield Ltd will continue to collect
consignment and total volume usage data in the future, enabling the emplaced density to be
kept under review, potential deviations from the assumptions in this updated PCRSA to be
identified, and the potential implications evaluated.
Although the calculation above showed that the beta disposal limit could potentially be
increased to utilise the radiological capacity calculated by the original PCRSA i.e. 6.77 TBq, it
should be noted that disposals above 37 Bq/g may not be acceptable because NNL (2009)
calculated that the potential impacts associated with human intrusion into the waste would
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exceed the regulatory criterion before 2137 AD. However, this would also be sensitive to the
radionuclide fingerprint, and not just the total activity. More generally, an important objective of
this study is to review the existing human intrusion assessment as it is key control on the activity
concentration (Bq/g) of wastes that can be accepted, and hence the radiological capacity of the
site.
Sellafield Ltd has not undertaken a specific review of the waste streams that may be suitable for
disposal at CLESA if the disposal limits are increased. Any assessment would be limited to
review of existing disposals from Sellafield to other facilities, because future arisings of spoil/soil
and decommissioning waste cannot practicably be characterised to the required level of detail
until they are generated. However, Sellafield Ltd has identified wastes from decommissioning of
Pile 1 as being a waste type that might be disposed to CLESA if the activity limits could be
increased. The waste fingerprint is provided in Table 3.
Table 3. Fingerprint of wastes from Pile 1, which may be indicative of the types of wastes
that could be disposed at CLESA if the activity limits are increased (Sellafield Ltd, 2016b).
Beta / Gamma
H3
C14
Sr90
Cs137
Pu241
Total Beta/Gamma

Bq/g
5.88
0.58
0.55
133.9
0.056
140.99

%
4.2%
0.41%
0.39%
95.0%
0.04%
99.99%

Alpha
Am241

Bq/g
0.014

%
0.01%

Total Alpha

1.41E-02

0.01%

Total Activity

1.41E+02

100.0%

Surface Activity to 1
mm depth – Barrel
Surface Activity to 1
mm depth - Diffuser

3.4.1

2.01E+04
1.29E+04

Characterisation, Waste Acceptance Criteria (WAC) and Waste Emplacement
CLESA currently has disposal limits of 37 Bq/g alpha + beta and 18.5 Bq/g alpha. It accepts the
range of waste types listed in the previous section.
The typical consignment volume to CLESA is a 10 m 3 vehicle load. Once the waste has been
accepted it is unloaded and spread out over a local area of the site. It is then compacted by
driving heavy machinery over the wastes, and over longer timescales due to self-settlement and
ongoing machinery movements. The location of the disposal is recorded on a coarse grid.
The radiological contamination associated with a vehicle load may be heterogeneous. The
waste is characterised before sentencing to CLESA in line with Sellafield Ltd Site Procedure
(SLSP) 1.07.35 (Sellafield Ltd, 2015a). This ensures an adequate number of samples have
been taken to assess the radiological contents of the vehicle load. The disposal limits of a
maximum of 37 Bq/g alpha and beta, and 18.5 Bq/g alpha, are applied to each
batch/population. Any material exceeding these limits is not consigned to CLESA. The limits are
not applied to the average activity within a vehicle load. This is broadly similar to the approach
applied at Clifton Marsh for example, where the average activity in each package within a
consignment must not exceed the disposal limit of 200 Bq/g total activity (Eden, 2010).
Some regular waste consignments such as sewage cake have established radionuclide
information. Therefore they are only periodically reviewed, including re-sampling where
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appropriate, to confirm the wastes are continuing to confirm to their expected radionuclide
information. Sewage sludge is disposed in small pockets throughout the landfill. A small hole is
dug into the soil / spoil / decommissioning wastes, which is then filled with the sewage cake and
then backfilled with soil/spoil.
The original PCRSA (Nexia, 2006) cautiously assumed that all disposals would be at the
disposal limits. This does not occur in practice, so the activity disposed to CLESA so far is much
less than assumed in the PCRSA for the volume of waste that has been disposed.
The following waste characterisation information is currently required, and is kept on record:
•

EWC code, waste type and origin.

•

Load serial number, FM serial number and waste tracking number.

•

Consignment volume.

•

Specific alpha, beta and Cs-137 activity.

•

Date and location of disposal (on a relatively coarse grid).

Sellafield Ltd are currently developing an updated emplacement strategy (Riley, 2017) that
would also support disposal of wastes with higher activities, if disposal limits are increased.
3.4.2

Waste Heterogeneity, Particles and Contaminated Blocks
The wastes are expected to be heterogeneous at three length scales (see Section 8.2.3 for
further discussion on their applicability):
•

At the programme scale, i.e. the wastes generated by different projects.

•

At the project scale, i.e. within a number of consignments generated by a project.

•

At the consignment scale, i.e. within an individual consignment.

The current activity limits are applied as a maximum to each sample. Therefore, each sampled
contribution to each consignment will be below the maximum activity limits.
The activity in a volume of waste may vary within a single distribution or there may be a multimodal distribution. A multi-modal distribution may reflect a small volume of contamination
associated with a localised historic spill of material, or a contaminated surface on
decommissioning wastes, compared with the wider bulk contamination. The current low,
maximum activity limits prevent significant heterogeneity leading to small volumes with higher
activities of radiological significance within a consignment. This is reflected in the disposals to
date, and particularly for alpha disposals where background activity is often a significant
component.
If the activity limits were increased and/or applied as an average, there could be small volumes
of relatively higher activity wastes (hotspots) that may be of radiological significance. This is not
assessed in the original PCRSA, but needs to be assessed in the current iteration of review to
inform on the potential to increase the disposal limits and/or move to an average limit.
In the future Sellafield may start to generate larger volumes of bulk decommissioning wastes,
including bricks and large concrete blocks. Contamination is more likely to be heterogeneously
distributed in such wastes compared with soil/spoil, with the contamination being localised to
exposed faces, construction joints and cracks, etc. For example, for the Pile 1 wastes described
in Table 3, the contamination is preferentially located on the surface of the wastes that was
exposed to the source. So, although the bulk average activity is 1.41E2 Bq/g, the activity in the
top 1 mm of the exposed surface is 2.01E4 Bq/g (Sellafield Ltd, 2016b).
Coastal erosion of CLESA is expected to result in significant disruption and dispersion of the
wastes. Erosion of soil and spoil may release material of a wide range of grain sizes from clays
and silts, through sand and gravels to stones; while erosion of decommissioning wastes could
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result in the release of bricks or large concrete blocks with preferentially contaminated surfaces.
Small particles may be broken off these contaminated faces during emplacement in CLESA,
and during or following erosion.
Bricks / blocks exposed during erosion of the site could have a wide range of sizes. Bricks
would be expected to be in a poor condition, having been damaged during demolition of the
original building, further damaged during emplacement in the landfill, and then potentially further
degraded while in the landfill and during erosion. Blocks may still be intact, but chemical
degradation of concretes may lead to some break-up of blocks before the site is eroded.
Corrosion of rebar, where present, will accelerate the degradation and break-up of concrete
blocks.
The original PCRSA considers the potential for exposure to blocks of waste on the beach or
materials exposed in the cliff line (Nexia, 2006). It does not consider the potential impacts of
relatively active particles in soil/spoil or broken off the contaminated surfaces of
decommissioning wastes. However, as noted above, the current low activity limits cap the
potential for heterogeneity and so even the most active particles will be of negligible specific
activity, and the activity on the contaminated faces of decommissioning wastes will also be
limited.
If activity limits are increased and/or applied as an average some relatively active particles could
potentially be generated during erosion and the surface contamination associated with the
decommissioning wastes could be notably higher than at present, for example as described
above for Pile 1 wastes. However, it is important to note than the relatively active particles
would have orders of magnitude lower specific activity compared with the high activity particles
that have been found on the beaches at Dounreay, Sellafield and Dalgety Bay (Sumerling,
2013a). For example, assuming a typical density for construction concrete of 2400 kg/m 3, a 1
mm particle from the contaminated surface of the Pile 1 wastes would have an activity of 25 Bq.
This compares with activities of tens of thousands to hundreds of thousands of Bq for particles
found at Dounreay, Sellafield and Dalgety Bay.
Wastes that could contain the high specific activity particles found on the beaches at Dounreay,
Sellafield and Dalgety Bay would not be accepted at CLESA. Arguably there is a very small risk
that such particles could be missed by characterisation. However, even if this was the case, the
number of particles would be so low that the post-closure risks would be very small; for example
Sumerling (2013a) shows that for LLWR, where the potential for high activity particles is much
greater, the risks are low. Therefore high activity particles do not need to be considered further
in the PCRSA. However, if activity limits are increased and/or applied as an average there could
be a significant number of particles with activities of the order of tens of Bq in CLESA. The
potential impacts associated with these particles are considered in the assessment. This is
consistent with the work that recently been undertaken for the LLWR ESC to better understand
the potential impacts associated with sealed sources (not relevant to CLESA), particles and
discrete items of waste during coastal erosion of the site or inadvertent human intrusion.
3.4.3

Waste Fingerprint and Inventory for Assessment
Three waste fingerprints have been discussed:
•

The original PCRSA (2006);

•

2Y57 (NDA, 2013) which was a best estimate for the 2010 UK Radioactive Waste
Inventory from a representative selection of actual disposals to CLESA; and

•

Wastes from Pile 1 which may be indicative of the types of wastes that could be
received if the disposal limits were increased.

The total Cs-137, beta/gamma and alpha disposals to July 2014, have also been described, as
detailed in the 2015 ESC (Sellafield Ltd, 2015a).
The activities of the dominant radionuclides are compared in Table 4. This table also includes
an assessment of the fingerprint associated with the 44 projects (to 2015) with the highest
activity disposals to CLESA.
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As previously discussed, the original PCRSA inventory contains greater activity than the actual
disposals. The major difference is the greater quantity of Cs-137 in the PCRSA inventory
compared with the actual disposals (2Y57 fingerprint). Considering the other radionuclides that
are potentially important for post-closure safety, the actual disposals have much greater
quantities of H-3 and Cl-36, and somewhat more I-129, Ra-226 and U-238, than the PCRSA
fingerprint; and the actual disposals have a greater proportion of alpha than the PCRSA
fingerprint, although the total alpha activity (Bq/g) is similar. This greater proportion of alpha
reflects the lower total activity, and the significant contribution of background alpha. The ‘Actual
Disposals’ (2Y57 fingerprint) show the same alpha:beta ratio as the ESC disposals, though a
detailed comparison of the radionuclide fingerprint cannot be made.
The fingerprint of the highest activity disposals to CLESA contains a greater proportion of Cs137 than the 2Y57 fingerprint and ESC disposals. The alpha:beta ratio is more similar to the
fingerprint used in the original PCRSA than the 2Y57 fingerprint and ESC disposals.
The Pile 1 wastes are more active than the PCRSA fingerprint, with the dominant radionuclide
being Cs-137. This is a specific new waste that may be suitable for disposal at CLESA if permit
activity limits are increased. Although it is indicative of the types of waste that might be received
in the future, it may not be representative of the fingerprint of decommissioning wastes arising
from multiple sources.
If it is possible to increase the disposal limits in the future, the resultant fingerprint would likely
contain a greater proportion of beta activity than the existing disposals; and in particular a
greater proportion of Cs-137. This expectation is based on the top 44 disposals to date, and is
further supported by the fingerprint of the Pile 1 wastes.
Therefore, it was decided to retain the fingerprint used in the original PCRSA for future
disposals. This will also maintain the audit trail with previous assessments. However, it is noted
that disposals to date have included more H-3, Cl-36, I-129, Ra-226 and U-238 than assumed in
the original PCRSA, and it will be important to check that existing and potential future disposals
of these radionuclides are consistent with the radiological capacity of the site.
The results of the assessment will be used to understand whether the current disposal limits can
be increased, for example to receive wastes such as those from Pile 1 (Table 3). Therefore, the
potential to increase disposal limits up to a maximum of 200 Bq/g alpha + beta will be
considered. This would be sufficient to accommodate the Pile 1 wastes, but also wastes that
might arise from other future projects that would exceed the current disposal limits
Also in the context of potentially increasing the disposal limits, the Pile 1 fingerprint informs the
assessment of the potential impacts of particles, and surface contaminated blocks. It was
decided to assume a maximum ‘hotspot’ / surface activity of 40,000 Bq/g. This compares with
an average activity of 20,100 Bq/g alpha + beta, and a maximum activity of 31,000 Bq/g alpha +
beta (mean plus two standard deviations), for the Pile 1 wastes.
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Table 4. Comparison of waste fingerprints considering the dominant radionuclides
2006
Actual Disposals
ESC
CLESA Disposals
Pile 1
(2Y57): 2010
Disposals (to (Top 44 projects
PCRSA
Inventory
data
July 2014)
to 2015)
Inventory
Co60
Ru106
Sb125
Cs134
Cs137
Ce144
Sr90
Eu154
Pu241
C14
H3
I129
Fe55
Ag110m
Co57
Co58
Tc99
Eu152
Eu155
Mn54
Zn65
Nb95
Zr95
Pm147
Ni63
Sm151
Cl36

0.00%

1.1%
0.2%
0.1%
0.2%
10.9%
0.3%
10.2%
0.0%
6.8%
0.7%
23.4%
0.4%
7.3%
0.0%
0.0%
0.0%
1.3%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.5%
1.2%
0.0%
1.2%

95.35%

65.8%

Pu238
Pu239
Pu240
Pu242
Th228
Th229
Th230
Th232
U232
U233
U234
U235
U236
U238
Cm242
Cm243
Cm244
Cm245
Cm246
Ra226
Am241
Np237

0.60%
0.96%
0.41%
0.00%

0.84%
0.03%

0.5%
1.0%
0.9%
0.0%
0.1%
0.0%
0.1%
0.1%
0.0%
2.1%
10.3%
1.8%
1.2%
12.3%
0.0%
0.0%
0.1%
1.1%
0.1%
1.1%
1.0%
0.4%

Total Alpha

4.74%

34.2%

Total Beta/Gamma

2.47%

62.88%
11.55%
16.91%
0.05%
0.55%
0.02%

0.93%

0.00%

0.00%
0.00%
0.00%
0.00%
1.01%
0.02%
0.14%
0.70%
0.02%
0.01%

0.44%

20.9%

0.00%
0.06%
41.92%
13.52%
0.12%
28.72%
0.07%
0.26%

94.98%
0.39%
0.04%
0.41%
4.17%

2.26%

0.13%
0.00%
0.04%

0.04%
0.24%
0.22%

65.8%

88.05%

99.99%

0.79%
2.34%
2.37%

0.13%
0.01%
0.00%
0.13%

0.03%

34.2%

6.15%
0.00%

0.01%

11.95%

0.01%

Table notes
1. The 2006 PCRSA Inventory refers to the screened inventory used in the assessment calculations.
2. The Cs-137 value in the ESC Disposals is calculated based on the sum of Total Alpha and Total Beta.
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The potential final CLESA inventory was calculated by:
•

Assuming the 50,003 m 3 of volumetric capacity filled by 30/6/15 (Sellafield Ltd, 2015b)
comprised materials from the waste stream with the 2Y57 fingerprint. The inventory for
each radionuclide was calculated and the total alpha and beta were calculated.

•

The total alpha and beta activities were compared against the actual total alpha and
beta of all disposals, which include a wider range of inputs than the sub-set used to
derive waste stream 2Y57.

•

The inventory of each radionuclide disposed to date was re-scaled so the totals
equalled the actual total alpha and total beta.

•

The remaining ~70,000 m was assumed to be filled with waste corresponding to the
original PCRSA fingerprint (i.e. 37 Bq/g, i.e. Table 1).

•

For future disposals the in-situ density was taken to be the same as the existing
3
disposals, i.e. 2,030 kg/m .

3

The results are shown in Table 5. It is noted that the inventories of existing and potential future
disposals include background activity. This activity is included in the assessment calculations
presented subsequently. Background activity will become a less significant fraction of the total
activity if the disposal limits are increased and/or Sellafield Ltd dispose of wastes nearer the
current limits. The total inventory is slightly lower than assumed in the original PCRSA (Table 1)
because the actual disposals have been significantly below the activity limits, while the original
PCRSA assumed all the disposals would be at the activity limits.
Table 5. Estimate of final CLESA inventory based on existing disposals and assuming
future disposals correspond to the PCRSA fingerprint
Radionuclide

Existing Disposals
(TBq)

Potential Future Disposals
(TBq)

Total
(TBq)

2.27E-03
4.71E-04
1.35E-04
3.32E-04
2.26E-02
5.74E-04
2.13E-02
6.31E-05
1.41E-02
1.51E-03
4.88E-02
8.59E-04
1.52E-02
3.82E-07
9.41E-07
3.96E-07
2.66E-03
6.82E-07
7.73E-05
3.49E-05
5.73E-07
2.59E-07
4.50E-07

1.09E-01
4.06E-01
0.00E+00
8.78E-02
2.77E+00
2.07E-01
5.10E-01
3.93E-03
7.45E-01
2.20E-03
2.42E-02
8.08E-04
2.50E-04
0.00E+00
0.00E+00
1.83E-04
4.10E-02
1.64E-05
2.88E-03
1.00E-02
3.16E-03
4.42E-02
3.02E-02

1.11E-01
4.06E-01
1.35E-04
8.81E-02
2.80E+00
2.07E-01
5.31E-01
4.00E-03
7.59E-01
3.71E-03
7.30E-02
1.67E-03
1.54E-02
3.82E-07
9.41E-07
1.84E-04
4.36E-02
1.71E-05
2.96E-03
1.01E-02
3.16E-03
4.42E-02
3.02E-02

Beta/Gamma
Co60
Ru106
Sb125
Cs134
Cs137
Ce144
Sr90
Eu154
Pu241
C14
H3
I129
Fe55
Ag110m
Co57
Co58
Tc99
Eu152
Eu155
Mn54
Zn65
Nb95
Zr95
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Existing Disposals
(TBq)
1.08E-03
2.51E-03
7.89E-06
2.44E-03
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

Potential Future Disposals
(TBq)
4.20E-02
1.65E-04
3.07E-04
3.27E-09
0.00E+00
3.92E-11
1.79E-06
6.03E-13
1.56E-06

Total
(TBq)
4.30E-02
2.68E-03
3.15E-04
2.44E-03
0.00E+00
3.92E-11
1.79E-06
6.03E-13
1.56E-06

1.37E-01

5.04E+00

5.18E+00

Alpha
Pu238
Pu239
Pu240
Pu242
Th228
Th229
Th230
Th232
U232
U233
U234
U235
U236
U238
Cm242
Cm243
Cm244
Cm245
Cm246
Ra226
Am241
Np237
Pb210
Pa231
Total Alpha

1.02E-03
2.11E-03
1.98E-03
4.10E-05
1.61E-04
0.00E+00
2.78E-04
1.60E-04
8.02E-05
4.39E-03
2.17E-02
3.90E-03
2.46E-03
2.59E-02
1.88E-05
1.36E-05
2.69E-04
2.38E-03
2.19E-04
2.31E-03
2.03E-03
8.21E-04
0.00E+00
0.00E+00
7.23E-02

2.63E-02
4.26E-02
1.81E-02
8.16E-06
0.00E+00
1.38E-06
1.04E-08
9.79E-06
0.00E+00
2.51E-05
4.47E-02
9.40E-04
6.11E-03
3.08E-02
7.77E-04
1.23E-06
4.57E-04
0.00E+00
0.00E+00
1.66E-03
3.70E-02
1.33E-03
1.28E-15
5.96E-11
2.11E-01

2.74E-02
4.47E-02
2.01E-02
4.91E-05
1.61E-04
1.38E-06
2.78E-04
1.69E-04
8.02E-05
4.42E-03
6.64E-02
4.84E-03
8.57E-03
5.67E-02
7.96E-04
1.48E-05
7.26E-04
2.38E-03
2.19E-04
3.97E-03
3.90E-02
2.15E-03
1.28E-15
5.96E-11
2.83E-01

Total Activity

2.09E-01

5.25E+00

5.46E+00

Radionuclide
Pm147
Ni63
Sm151
Cl36
Kr85
Ca41
Zr93
Nb93m
Am241m
Total
Beta/Gamma
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In summary, this updated PCRSA assumes:
•
•

Existing disposals are of the 2Y57 fingerprint. This fingerprint was used
to proportion the total alpha and total beta in the actual disposals as of
30/6/15 between the different radionuclides (Table 5).
Future disposals are of the 2006 PCRSA fingerprint (Table 5).

Decommissioning wastes could contain ‘hotspots’ / surface activities up to
40,000 Bq/g (of any radionuclide), as informed by the Pile 1 characterisation.

3.5

Monitoring

3.5.1

Groundwater Flow
TACCLs monitoring report (TACCL, 2015) presents a summary of groundwater level data from
the pre-operational phase (February 2005 to November 2007) through to 2014.
Up-gradient well BH2753G recorded groundwater elevations of 3.15 to 6.62 m AOD and wells
BH7990 and BH7986 located on the down-gradient boundary of CLESA recorded elevations in
the range 1.61 to 3.42 m AOD. Current groundwater levels below the landfill itself are not
measured, but historic monitoring data is consistent with the original PCRSA which states that
the regional piezometric surface beneath the landfill site is of the order of 3 to 5 m below the
base of the landfill, i.e. around 3 to 4 m AOD below the base of the landfill at ~9 m AOD (Figure
6).
Contaminated landfill leachate not removed by the leachate extraction system will therefore
migrate through the containment lining system into the underlying engineered fill and vertically
down through the drift into the drift aquifer and potentially also the underlying sandstone aquifer.
Groundwater flow direction is inferred to be towards the west-south-west with a maximum
recorded hydraulic gradient of approximately 1:65 (0.015) across the CLESA site towards the
beach. This is consistent with the original PCRSA, which reported an average hydraulic
gradient of 0.01 between the landfills and the coastal discharge zone. The presence of the
raised cliff line and potential raised beach does not appear to affect the groundwater flow
pattern. However, insufficient data are available to ascertain any small-scale changes in
groundwater flow close to the coast. Groundwater in the drift aquifer may discharge either to the
foreshore or the local coastal waters. Seepages of groundwater to the foreshore have been
observed. Shallow groundwater is hydraulically connected to the local surface water system,
including the River Calder and the Irish Sea.
Previous assessments for the site have suggested that there is no hydraulic connection
between the landfill and the nearest surface water receptor, Newmill Beck. No drains or other
conduits are present that could act as a pathway for leachate from the landfill to enter Newmill
Beck.
Furthermore, as shown on the cross-section in Figure 6, local groundwater levels are
significantly below the base of the beck and the natterjack toad ponds to the south of CLESA
(which are fed by overflow from Newmill Beck), and it is not believed that either receive
baseflow from groundwater that may be contaminated from leachate originating from the landfill.
This assertion is supported by monitoring records. Groundwater elevations for well 6981 (P2)
located close to the natterjack toad ponds are recorded in the range 1.08 to 2.41 m AOD during
the operation phase of the landfill, with an average of 2.05 m AOD during 2014. Inspection of
LiDAR data covering the ponds (Figure 12) and the connecting channel suggests that the
lowest elevation is in the southern pond at a level of +3.67m ODN, which is 1.26 m above the
highest recorded water level. The LiDAR image is believed to represent the bottom of the pond,
since the levels vary from cell to cell. This is because LiDAR usually registers the water surface
(which would be flat), rather than the bed, so either the data has been processed to ignore the
water surface or the pond was dry at the time of the survey.
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Figure 12. LiDAR elevation data for the Natterjack Toad ponds (m ODN – metres above
Ordnance Datum Newlyn5).

3.5.2

Leachate
Daily leachate level monitoring reviewed by TACCL indicates that at present, there is generally
no standing leachate in the site (i.e. no significant leachate head above the base liner), although
a small amount can be present in the extraction sump in the corner of the cells (TACCL, 2015).
Leachate chemistry, based on the analysis of samples collected from sumps in each of the
three basal cells during the operational phase December 2007 to 2015, are summarised in
Table 6. Priority pollutants as identified in the HRA (TACCL, 2012) are included, together with
general leachate chemistry parameters and radionuclides.

5

m ODN – is the national datum for referencing vertical sea levels
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Table 6. Summary of Leachate Analysis (Dec 2007 – Oct 2015)
Leachate Concentration
Determinand

pH

Units
mg/l

Alkalinity

mg/l

Ammonium

mg/l

Biological Oxygen Demand

mg/l

Chemical Oxygen Demand
Chloride
Conductivity
Sulphate

mg/l
mg/l
µS/cm
mg/l

Total Organic Carbon

mg/l

Arsenic

µg/l

Cadmium
Chromium
Copper
Lead
Mercury
Nickel
Zinc

µg/l
µg/l
µg/l
µg/l
µg/l
µg/l
µg/l

HRA
Source
Term *
0 – 5.97
1.6 - 884
1.0 - 6.2
0.175 – 0.7
1.14 – 18.0
1.03 – 30.4
0.12 – 10.0
0.1 – 0.25
0.68 – 15.7
2.05 – 43.0

Minimum

Maximum

Mean

6.92

12.60

9.08

9.35

780

228

<0.004

5.97

0.21

0.09

21.00

2.21

<3

140

14.79

9.92

95.80

56.40

154

4100

1460

1.59

884

306

<1.00

17.00

6.41

1.00

6.54

3.35

<0.5

0.70

0.16

1.14

19.70

7.30

1.03

30.40

5.68

0.06

10

1.89

<0.01

0.11

0.06

0.68

15.70

5.27

2.05

501**

30.8

<21.6

4480

789

<251

12800

3257

<351

<870

<552

<47.8

<112

<69.5

<435

4110

1059

<86.04

2300

690

<31.4

30000

1381

<2649

159162

27624

Radionuclides
Total Alpha
Total Beta
Be-7
Cs-137
K-40
Sr-90
Tc-99
H3

Bq/m³
Bq/m³
Bq/m³
Bq/m³
Bq/m³
Bq/m³
Bq/m³
Bq/m³

-

Note: *HRA Source Term Concentrations from TACCL (2012). ** an outlier result for leachate 2 sample only.

3.5.3

Groundwater Chemistry
Groundwater quality has been routinely monitored prior to, and during the operation phase of
CLESA in several wells and surface water features surrounding the landfill area. Data has been
reviewed annually and is reported in Annual Performance Review documents by TACCL.
For the purpose of this PCRSA review, data collected from up-gradient well (Borehole No.
2753G) and downgradient wells (Borehole Nos. 7986C, 7990 and 9630) is most pertinent for
providing an indication of engineering and operational performance of the landfill. The location
of the monitoring wells is shown on Figure 10 and analytical data is summarised in Table 7 and
Table 8 below.
The maximum measured concentrations for non-radionuclides in down-gradient wells are
compared to modelled maximum concentrations, up-gradient well and leachate data.
Cadmium, chromium, nickel, lead, copper and zinc concentrations in the down-gradient wells
are noted to be higher than in the up-gradient well, however, with the exception of zinc, the
down-gradient well concentrations are also higher than the maximum leachate concentration.
This suggests that the landfill is not the main contributor. It is worth noting that the measured
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groundwater concentrations reported here are below drinking water standards and are not
considered significant. The differences may be due to other sources of contamination, but given
the low concentrations are more likely to represent natural variability within the aquifer.
For the majority of radionuclides, concentrations in down-gradient wells are significantly lower
than both up-gradient well concentrations and landfill leachate, indicating that there is no
evidence of leachate leakage from the landfill to date. Tc-99 concentrations in the downgradient wells are higher than up-gradient well and have increased slightly over recent years
(Figure 13), however considering the small magnitude of the increase and the absence of a
corresponding increase in the more mobile H-3, this is considered likely to be due to natural
variability within the aquifer or a pulse of contamination from the main Calder Hall site rather
than from landfill leachate migration through the landfill base.

Figure 13. Tc-99 in down-gradient borehole 9630

The potential impact of leachate pollution by organic compounds is assessed by the routine
monitoring of biological oxygen demand (BOD), chemical oxygen demand (COD) and total
organic carbon (TOC). Results for these parameters in both leachate and groundwater
downgradient of the landfill are reported to be very low and there is no significant source or
evidence of organic contamination.
Saline intrusion in to the area to the south west of CLESA is observed in down-gradient
monitoring wells by elevated concentrations of chloride and sulphate. Saline influence is
strongest in BH69816 (closest to the mouth of River Calder) and to a lesser extent in BH9630.
Further away, BH7986 does not appear to be affected by the saline intrusion.

6

Note that BH6981 has been discontinued for CLESA monitoring as it was utilised only as a
temporary measure until BH9630 was drilled.
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Table 7: Summary of modelled non-radionuclide concentrations and measured maximum concentrations in groundwater
Original PCRSA Modelled Maximum concentration in
sandstone aquifer **

Measured Maximum concentration
(note, wells installed in drift deposits)

Non radionuclides (mg/l)

Silver
Arsenic
Boron
Barium
Total Hydrocarbons (benzene)
Cadmium
Chromium
Copper
Total cyanide
Mercury
Total PAHs (naphthalene)
Nickel
Lead
Total PCBs
Selenium
Vanadium

Under source

At boundary

50m downgradient

Upgradient
(BH2753)

Under
source
(Leachate)

0.280
10.000
0.340
0.004
7.200
0.074
0.037
0.280
1.900
0.019
0.007
1.300
0.013
0.005
1.100
0.002

0.270
9.400
0.290
0.002
7.800
0.047
0.032
0.390
1.800
0.029
0.006
0.330
0.003
0.004
0.890
0.002

0.180
1.400
0.200
0.001
5.700
0.049
0.012
0.340
1.200
0.027
0.004
0.270
0.007
0.002
0.480
0.001

-3.02
---0.00053
0.0332
0.117
-0.00128
-0.0216
0.00312
-0.00309
--

<0.007
0.00654
0.360
0.670
<0.001
0.0007
0.0197
0.0304
<0.1
0.00011
<0.002
0.0157
0.01
-0.040
0.014

Zinc
0.001
0.002
0.001
0.0387
0.501
Note:
Measured concentrations exceeding modelled concentrations for respective location are highlighted in red
* using all available data from entire monitoring period. ** values taken from Table 12 of original PCRSA (Nexia, 2006). -- no data.
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At
boundary
(BH9630 /
7990 /
7986C)*

50m downgradient (BH
6981)

-0.014
---0.002
0.0694
0.116
-0.000613
-0.0358
0.0395
----

-0.005
---0.001
0.0122
0.186
-0.000425
-0.0148
0.00872
-0.0186
--

0.308

0.266

Table 8. Summary of radionuclide concentrations in leachate and groundwater

3

Radionuclides (Bq/m )

Total Alpha
Total Beta
Tritium (H-3)
Technetium (Tc-99)
Potassium (K-40)

Groundwater concentration in up-gradient well
BH2753

Leachate concentration (from 3
cells)

Groundwater concentration in down
gradient wells (BH9630 / 7990/ 7986C)

Minimum

Maximum

Mean

Maximum

Mean

Minimum

Maximum

Mean

16.2
1,190
2,649
13.9

2,430
12,500
126,085
33

183.4
2,198
28,129
28.7

4480
12,800
159,162
30,000

789
3,257
27,624
1,381

9.5
177
2,648
15.7

416
674
10,912
458

32.5
254
5,062
110

408

2662

1069

4110

1059

308

2289

684

<69.5

42.3

96.6

67.3

Caesium (Cs-137)
29.8
174.4
80.6
<112
Measured down-gradient concentrations exceeding up-gradient concentrations are highlighted in red
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3.6

Site Development

3.6.1

Engineered Containment
At the current volumetric disposal rate, CLESA will be full during the early 2030s. Once the site is
full, it will be closed. Closure will involve capping the site to minimise infiltration of rainwater and
generation of leachate, reduce the risk of biointrusion and future inadvertent human intrusion, and
prevent dispersion of the wastes through physical processes such as transport of particulates
(dust) by wind. Other engineering measures may also be emplaced to ensure the long-term safe
passive evolution of the site, for example this might include a passive drainage system to manage
the small amounts of water that may infiltrate the cap.
The design for the closure cap has not been finalised. The cap would need to meet the minimum
requirements for a non-hazardous landfill. Therefore the cap would be at least 1 m thick, and would
contain a resistive barrier comprising bentonite enhanced soil (BES) and / or a geomembrane to
give a maximum hydraulic conductivity of 1E-9 m/s (Schedule 2, The Landfill (England and Wales)
Regulations 2002). The cap will also require appropriate venting arrangements to prevent build-up
of landfill gases where necessary. However, this is not expected to be a significant issue at CLESA
due to the low content of organic wastes that have been deposited. It is assumed that the most
putrescible wastes will have fully degraded by the end of the period of institutional control. At this
time gas vents in the cap could be sealed to provide a barrier to release of Rn-222 gas.

3.6.2

Leachate Management
It is possible that the cap could be thicker and have greater hydraulic barrier performance if needed
to provide the required performance; to optimise the performance, i.e. the additional costs are not
disproportionate given the performance benefits; or to allow the disposal limits to be safely
increased. The thickness of the cap will affect the potential for inadvertent human intrusion into the
wastes, and the potential impacts of inadvertent intrusion. The hydraulic performance of the cap
will affect infiltration into the wastes, and hence leaching of radionuclides to groundwater, and the
potential for ‘bathtubbing’. Bathtubbing describes the situation where infiltration through the cap
exceeds leakage through the base of the site, so the site fills with water and leachate discharges to
soils, and potentially also the ground surface, at the cap perimeter.
Leachate is currently collected in the basal sumps and pumped to the effluent line from the sewage
treatment works, which subsequently discharges at the Factory Sewer. Once the site is full and has
been capped, the amount of leachate generated will decrease significantly. The leachate collection
sumps could continue to be pumped until the end of the period of institutional control. However, it is
likely pumping would stop before the end of this time period to allow the site to equilibrate and
ensure it is not likely to ‘bathtub’ once control is removed. If considered necessary the closure
engineering could include passive drainage measures to drain leachate to the geosphere in
preference to allowing direct discharge to the surface (i.e. bathtubbing).
For this review, it is assumed that the cap will meet the minimum specification required to minimise
the risk of bathtubbing. It is important that this key assumption underpinning the PCRSA is fed into
future design of the cap / closure engineering. For the purposes of human intrusion calculations it
will cautiously be assumed that the cap is 1 m thick. The assessment results can then be used to
inform whether a thicker cap is required to reduce the potential impacts associated with the current
disposal limits, or any future higher disposal limits.
It is anticipated that the performance of the closure engineering will degrade over time. This
includes degradation of the cap materials, which could allow greater infiltration of rainwater,
resulting in greater quantities of leachate and faster leaching of radionuclides from the wastes. This
may increase the potential for bathtubbing, but the basal liner will also be degrading at the same
time.
The basal liner may degrade more slowly than the cap, but it is assumed the cap and any passive
drainage measures will have sufficient durability to minimise the risk of bathtubbing before the site
is disrupted by coastal erosion. This should be achievable because the site contains mostly inert
waste that is has been reasonably well compacted on emplacement, and little putrescible material.
Therefore the likelihood of differential settlement can be minimised, which is one of the key
processes that could otherwise lead to early degradation of the cap resistive barrier(s).
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3.7

Coastal Evolution

3.7.1

Previous Studies
The coastline close to Sellafield has been closely studied over the past 10-20 years looking at
coastal processes and erosion rates. Studies of particular note for this project are the reports for
the LLWR at Drigg, 4km southeast (Fish et al., 2010; Towler, et al., 2011) and the Shoreline
Management Plan 2 (SMP2) (Halcrow, 2010). The LLWR reports include a review of the
information and data from the SMP2 for the whole shoreline and also for the specific area of the
coast adjacent to the LLWR.
The CLESA and LLWR sites will both be exposed to similar regional coastal processes and
changes due to climate change. CLESA will have some site specific issues that may be similar to
the LLWR but the findings of the aforementioned reports need to be reviewed in respect of direct
application to the CLESA site.
The conceptual model for coastal erosion therefore draws on the information presented by Fish et
al. (2010) and Towler et al. (2011) and provides a site specific description of the erosion sequence
for the CLESA site.

3.7.2

Key Features for Coastal Erosion Processes
The CLESA site is bounded to the northwest by the Calder River, the southwest by the New Mill
Beck Overflow Culvert, the Calder landfill to the east and the Sellafield site to the north (Figure 4).
For the purposes of the assessment of coastal erosion the key features of the site area are:

3.7.3

•

River Calder.

•

River Ehen.

•

Mill Beck Culvert.

•

Railway embankment.

•

Natterjack ponds and dunes.

•

Beach.

•

CLESA structure.

Climate Change
The LLWR reports provide detailed information on the coastal evolution to date and identify that the
change in mean sea level over the past 20,000 years (Figure 14) has dominated the evolution of
the coastline throughout this period. Table 9 and Figure 14 show the range of estimated future
mean sea levels. Note that the estimates of future sea levels presented here are based on the work
undertaken for the LLWR which was before the publication of the 5th IPCC report that was finalised
in 2013.
Estimates of future sea level rise are strongly dependent on emissions scenarios for greenhouse
th
gases. The emissions scenarios considered in the 5 IPCC report (2013) lead to similar sea level
rises to those described in Table 9 for the next few hundred years. They do not lead to the extreme
long-term sea level rises considered in the LLWR 2011 ESC, because the most pessimistic
emissions scenarios considered by IPCC (2013) describe significantly lower anthropogenic
emissions of greenhouse gases than the upper bound emissions scenarios considered in the
LLWR 2011 ESC. However, consensus upper bound sea level rises over timescales of thousands
of years from IPCC (2013) are still large and are of the order 12 m. The behaviour of the Eastern
Antarctic Ice Sheet is uncertain, and it could melt to a greater extent than considered in IPCC
(2013) leading to sea level rises >12 m. The updated sea level projections from IPCC 2013 do not
change the view that CLESA is likely to be disrupted by coastal erosion over the next few hundred
years.
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Table 9. Low and high limits of estimated mean sea level relative to the year 2000 AD (after
data in Towler et al., 2011 citing Fish et al., 2010). Levels for 2300 AD interpolated by
AECOM.
Year

Low estimate
[m]

High Estimate
[m]

2000

0

0

2100

0.14

0.74

2300

0.35

5.26

3000

1.1

21.1

5000

7.3

24.6

Figure 14. Estimated mean sea level based on studies of the Ravenglass Estuary Complex,
Morecambe Bay and Solway Firth (figure and note after Figure 7 in Fish et al., 2010).
3.7.4

Future Coastal Evolution
The rise in mean sea level will result in a significant change to the shoreline in the Sellafield area.
Existing coastal features may be drowned by the rising water level or, if sediment deposition rates
are high enough, features may accrete fast enough to keep pace with sea level rise. New features
may appear due to changes in sediment transport pathways or rates of sediment supply from
rivers.
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Assuming that there is no significant change to the tidal range or surge levels (Towler et al., 2011)
then as sea levels rise there will be an increase in the amount of wave energy that reaches the
shoreline. This will in turn result in the erosion of the dunes and/or cliffs at the back of the beach. If
the rate of sediment eroded from these sources is sufficiently high, then the beach will reach a new
dynamic equilibrium. However, if the rate of supply is insufficient to keep up with the changes due
to sea level rise then the erosion rate will increase until sufficient sediment is eroded.
The first features that will be affected are those closest to the sea. For example, the Ehen Spit
could be breached downstream of the railway bridge that is located to the north of the Sellafield
site. Upstream of the bridge the railway embankment is the first feature at risk. Breach of the spit
could result in the mouth moving further north, away from the River Calder. This may change the
dynamics of the mouth of the Calder.
For the CLESA site the dunes and ponds at the back of the beach are at risk of erosion. Once the
dunes have been eroded then the railway embankment will become the shoreline.
The railway embankment may be protected by Network Rail if it is considered feasible to keep the
railway line open. The railway embankment will consist of material such as ballast, sleepers and
rails, which are likely to offer greater erosion resistance than the sand dunes. This assumes that
the railway will not be removed for environmental or other reasons before the coastal erosion risk is
realised. Assuming that the railway embankment is either eroded or overtopped by waves and
water levels, it will cease to act as defence for the CLESA site.
Provided the railway embankment is at a suitable elevation, then in the future people may choose
to protect the embankment using rock armour to extend the life of the structure subject to wave
action. However, the railway is immediately behind the beach for much of the 11 km between
Seascale and St Bees; therefore, it may not be considered cost effective in the future to protect that
length of railway against sea level rise.
The Mill Beck Culverts will potentially provide further protection, slowing the rate of erosion of the
land. The precast concrete units will present a significant barrier to wave action.
The elevation of the base of the wastes is ~10 m AOD. Eventually coastal erosion will result in
undercutting of the wastes and slumping. The wastes will be exposed in a cliff at the back of the
storm beach.
The rate at which the shoreline will retreat towards the CLESA site will depend on the elevation of
the different features, and therefore the volume of material and risk of overtopping.
LiDAR data for the site was downloaded from
the Government
web-site
(http://environment.data.gov.uk/ds/survey/index.jsp#/survey?grid=NY00). The location of indicative
cross-sections through the CLESA site and the adjacent coastline and river are shown in Figure 15.
Figure 16 shows the Indicative Beach Section through the CLESA site and extending across the
railway, dunes and beach. The Indicative River Section across the Calder is shown in Figure 17.
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Figure 15. Location of the indicative sections through the CLESA site, beach and river.

Figure 16. Schematic cross-section showing the location of key features for a section
extending from the Irish Sea to the CLESA site.
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Figure 17. Schematic cross-section for a section extending from the CLESA site to the main
Sellafield site through the River Calder.
a) Low Rate of Change in Mean Sea Level
For the Low Rate of Change in Mean Sea Level case, the estimated rise in mean sea level by 2100
AD is relatively small (+0.14 m, Table 9) and there are unlikely to be significant changes to the
coastal environment. The coastal dunes in front of the CLESA site are substantial and, provided
there is a continued supply of sand from elsewhere these dunes will continue to provide the
protection to the ponds and railway embankment.
After 300 years, however, the predicted rise in mean sea level of 0.35 m will present a risk to the
stability of the dunes and it should be assumed that the dunes will start to erode. Assuming that
there is insufficient supply from the adjacent shoreline then the dunes will erode relatively quickly
and the ponds will be drained.
The indicative section in Figure 17 shows that the railway embankment is at a level of
approximately +9 mAOD (metres Above Ordnance Datum) which is comparable with the exposed
sections of railway to the south and north of the site. An increase in mean sea level of +0.35 m will
therefore have increased the risk of erosion and/or overtopping of the railway. The railway line
behind the dunes may not presently have the same protection as the more exposed sections of
track and therefore could be at an increased risk of erosion compared to the other sections. As
noted above, there is the potential opportunity for people to protect this section of the railway
embankment in the future, if they choose to do so.
The risk of erosion directly affecting the CLESA within 300 years is considered low for the Low
Rate of Change in Mean Sea Level case.
b) High Rate of Change in Mean Sea Level
The High Rate of Change in Mean Sea Level case is such that after 100 years the dunes may still
be providing a similar level of protection as the present day provided that the sediment supply
continues. However, the risk that the dunes will erode is higher than for the low rate of change
case.
By 2100 the Mean High Water Springs (MHWS) level will be close to the top of the dune level on
the indicative section. The dunes will therefore have been eroded between 100 and 200 years. By
+300 years the MHWS level is close to the railway embankment level. This means that the
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embankment will be at risk prior to that date since it will be overtopped by waves and probably
eroded if some manner of erosion protection is not provided.
If the embankment is adequately protected then it could act as a coastal defence for the CLESA
site and should not be breached within 300 years.
The risk of erosion directly affecting the CLESA site within 100 years is considered to be low for the
High Rate of Change in Mean Sea Level. The risk level is dependent on the rate of erosion of the
dunes and the stability of the railway embankment under wave action.
The risk of erosion directly affecting the CLESA site within 300 years is considered medium to high
for the High Rate of Change in Mean Sea Level case. The magnitude and timing of the risk will
depend on whether or not the railway embankment is improved to act as a coastal defence before
the dunes and ponds are eroded and also if the river bank is protected against erosion due to the
increased tidal and fluvial flows. Riverine erosion is considered further in the next section.
3.7.5

River Calder Evolution
The River Calder flows past the northern boundary of the CLESA site. Aerial photography of the
area indicates that the tidal limit on the River Calder is approximately 400 to 500 m upstream of the
mouth of the river, where several natural weirs act to limit the tidal influence. As the mean sea level
rises, this tidal limit could move up river, increasing the length of river that is tidal. Although the
river is only approximately 10 m wide it is possible that the increase in tidal reach and tidal prism
(the volume of water exchanged each tide) will increase. The changes in the flow regime could
result in changes to the river banks.
River flow rates could increase in the future in response to climate change. Environment Agency
guidance (EA, 2016) describes the potential increases in river flow rates that should be considered
as part of flood risk management Table 10 shows the recommended values for the Sellafield area.
Table 10. Environment Agency advice on increased flow rates in rivers for a range of climate
change scenarios (EA, 2016)
Scenario
th

Upper (90 percentile)
Higher Central (70
percentile)

2040 to 2069

2070 to 2115

20%

35%

70%

20%

30%

35%

15%

25%

30%

10%

10%

10%

th

th

Central (50 percentile)
th

2015 to 2039

Lower (10 percentile)

The increase in flow rates in the river will directly affect the river banks. This does not take account
of any changes that may occur further upstream that could act as inline storage and attenuate the
flows such that any increases are effectively controlled.
The increase in river flows of 20% or more in 100 years could present a risk to the CLESA site if
the left bank of the river becomes subject to erosion. Assuming that the flow rates continue to
increase in the 300-year timeframe, fluvial flows could become a significant factor in the stability of
the CLESA site.
The increase in tidal prism is expected to be minimal compared to the increase in fluvial flows for
100 years and is assumed to be minimal compared to the increase in fluvial flows for 300 years for
the Low Rate of Change of Mean Sea Level case.
For the High Rate of Change of Mean Sea Level case, the increase in tidal prism is expected to be
minimal compared to the increase in fluvial flows for 100 years. The increase in tidal prism for 300
years water levels however will be a significant change to the present day conditions. This could
result in significant change to the left and right banks of the River Calder; coupled with the
increased fluvial flows, there is an erosion risk from this side of the CLESA site between 100 and
300 years.
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The risk of erosion from the river side of the CLESA site is considered to be low for the low rate of
sea level change and increased river flows for the next 100 y. However the risk increases to high
for 300 years for both the low and high rates of sea level change due to the increased fluvial flows
and elevated tidal levels.
Figure 9 shows the location of the river channel(s) and flood plain under more natural conditions
before the river was straightened in the 1970s. If the river banks are not maintained, the river will
evolve to a more natural condition. This will be modified from the historic condition by changes in
climate (i.e. fluvial flows) and sea level. The edge of the historic floodplain approximately intersects
the north side of CLESA. Therefore it is conceivable that riverine erosion could expose wastes on
the north side of CLESA.
Assuming no actions are taken to maintain the river beyond the site end state (2120 AD), the way
in which the morphology evolves will be influenced by the morphology of the river at 2120, and the
presence and condition of any bank engineering, such as abutments for road bridges, that is more
resistant to erosion than natural materials.
The initial bank erosion (next 100 years, coinciding with the period to the site end state) is likely to
be of the order of 1-2 m as flow rates are increased and the river channel adjusts to take the flows.
This will result in steeper banks.
As the banks become steeper, they are at increased risk of failure. Beyond the site end state, any
localised failures of the banks would introduce a meander around such a failure, particularly if it
includes material from made ground; the meander could result in the erosion of the opposite bank.
The extent and shape of the evolving flood plain will be dependent on the amount of made ground
and infrastructure that remains on site, thereby constraining the formation of meanders and the
general lowering of the ground to pre-development levels.
The elevation of the base of the wastes is ~10 m AOD. It is possible that riverine erosion could
undercut the north side of the CLESA site, resulting in slumping and exposure of the wastes. The
wastes would be exposed in a steep bank several metres above the elevation of the river.
This could occur before the site is disrupted by coastal erosion. It is unlikely CLESA would be
completely disrupted by riverine erosion: only the north end of the site would likely be affected. The
site would remain in this condition until it is disrupted by coastal erosion. The time period between
first exposure of the wastes by riverine erosion, and first exposure of the wastes by coastal erosion
is uncertain. There is a significant likelihood of exposure of the wastes by coastal erosion at 300 y.
There is a similar likelihood of exposure of the wastes by riverine erosion between 200 y and 300 y.
If actions are undertaken to protect coast beyond 100 y, then actions might also be undertaken to
maintain the river banks. In this situation CLESA would not be disrupted by riverine erosion prior to
coastal erosion.
3.7.6

Dispersion of Materials Eroded from the Coastline
The sediment in the dunes is likely to be relatively easily eroded by wave action as the dune
materials consist of windblown sand. As soon as the dunes start to be eroded by waves and water
levels it should be assumed that they are eroded completely in a relatively short period of time (<10
years). Material within the dunes will be transported to the beach and is likely to be further
transported to the surrounding area and to the Irish Sea by the river flows and coastal processes.
This sediment is subsequently anticipated to be widely dispersed.
The alluvium in the river banks will also be eroded and flushed out to sea or possibly the nearby
beach areas. It is considered likely that the alluvium materials, generally comprising small diameter
particles including sand, silt, clay and gravel, will be dispersed into the sea due to significant storm
water flows in the river. Some sediment may remain on the adjacent beaches.
Material in the railway embankment that is eroded is likely to remain close to the site (within 100 m)
based on the assumption that it consists of much larger material than the dune and alluvium
materials. Some of the ballast stones or pieces of track debris may be broken up during the latter
part of the 300-year timescale and distributed more widely.
The ground under the dunes and railway embankment may also be eroded and the material will be
dispersed according to the size of the sediment. Large stones and rocks will remain on the beach
area; however, finer grained particles are expected to be more widely dispersed.
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Concrete from the railway embankment e.g. concrete sleepers if present or headwalls for drainage,
and the Mill Beck culverts are likely to remain on the beach until they are broken apart. This may
occur more quickly if steel reinforcement bars are present and become exposed. As the metal
corrodes, the deterioration of the concrete is expected to accelerate. Dispersion of the concrete
pieces is therefore anticipated to be a slow process and be based on the size of individual pieces.
Material entering the river due to erosion of the banks can be assumed to be transported to the
Irish Sea and moved along the beach or out to sea. The specific transport pathway will depend on
the grain size, river flow rates and the wave and water level conditions when the grain reaches the
mouth of the river.
In summary, the grain size will determine how widely and quickly it is dispersed. Small, light grains
will be moved more widely and quickly than larger grains.
3.8

Potential Exposure Pathways
Radionuclides can be transported away from the site as a gas, or through leaching and subsequent
transport in groundwater or surface water.
Leachate that finds its way through the basal liner is expected to pass sub-vertically through the
underlying geology and drain into the regional groundwater system. Subsequent transport would be
sub-horizontal, with groundwater containing dissolved radionuclides discharging at the coast, and
potentially also to the mouth of the River Calder. Washout in surface water runoff may also result in
radionuclides entering local drainage systems, watercourses and the sea. Transport of
radionuclides in colloids is not expected to be significant because they are expected to be impeded
by the liner and Quaternary sediments.
Radioactive gases could migrate through the cap by diffusion or by advection within landfill gas.
However, the amount of landfill gas is expected to be small, particularly by the end of the period of
institutional control, as the organic content of the disposed wastes has been relatively small, and
this small amount of organic material will have largely degraded by the end of the period of
institutional control. Therefore diffusion is expected to be the dominant process for gas migration.
The potential receptors include:
•

Site users / occupiers.

•

Users of the coastal and riverine environment.

•

Groundwater.

•

Non-human biota such as Natterjack toads.

Humans could also potentially be directly exposed to the wastes through inadvertent intrusion into
the site, and as a result of coastal erosion of the site, as waste materials become exposed in the
cliffs and are dispersed across the beach and foreshore and into the coastal waters. Riverine
erosion could result in similar direct exposure to the wastes to coastal erosion.
The potential mechanisms of exposure could include:
•

Inadvertent ingestion.

•

Inhalation.

•

Consumption of contaminated water and foodstuffs.

•

Skin contact.

•

External irradiation.

It is noted that external irradiation should not be a significant exposure mechanism to site users /
occupiers once the site is capped due to the shielding provided by the cap, but it will become more
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significant once the wastes are exposed through coastal erosion, or if the wastes are exposed
through inadvertent intrusion.
The wastes disposed to the site would be of little economic or aesthetic value. Therefore, it is
unlikely there would be deliberate scavenging of materials as the wastes are exposed by coastal
erosion. However, it is possible that some material could be retrieved. Although unlikely, the most
feasible uses include retrieval of material for use in hardcore, or landscaping. An extreme, and very
unlikely situation, would be re-use of material in the foundations of a house, which could then result
in prolonged exposure of the occupants. Two additional, but unlikely PEGs are:
•

Material scavenger.

•

Occupant of a house built partly with scavenged materials.
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4.

ASSESSMENT SCENARIOS AND CALCULATION CASES

4.1

Drivers for Identifying Scenarios and Cases
Safety assessments typically investigate a number of scenarios that describe the future evolution of
the facility. These are often categorised as:
•

Normal Evolution Scenarios (NES), or Expected Evolution Scenarios (EES), which
describe the expected / best estimate evolution of the facility, or the generally ‘central’
evolution within the range of possible outcomes.

•

Alternative Evolution Scenarios (AES) which describe other, typically less likely outcomes.

Many assessments identify key scenarios on the basis of external factors that could change the
behaviour of the system from that which is expected e.g. environmental change. A further
development of this approach is to derive scenarios by considering, in addition to external factors,
other factors that could cause significant deviations, e.g. cap failure or human intrusion.
For deep radioactive waste disposal facilities, human intrusion is usually considered as a low
probability scenario. However, for surface / near-surface facilities such as CLESA, it is normal to
assume inadvertent human intrusion will occur at some time in the future. This assumption is based
on the premise that the site will not be disrupted by natural processes for many thousands of years.
This is arguably not an appropriate assumption for CLESA, since the site may begin to be eroded
by the sea soon after the withdrawal of institutional control, and within the period of societal
memory that may deter intrusion. In addition the small size of the site and coastal location may
make some of the more limiting intrusion cases considered for other sites less likely. For example,
cases considering the potential for intrusion into the site and subsequent occupancy of the
contaminated site, including smallholding, influence the WAC for LLWR. It could be argued that
such activities are less likely to occur at CLESA.
Within each scenario a number of calculation cases are normally assessed. Often these involve a
reference case, which uses the best estimate or central conceptual model and associated
assumptions and model parameters; and variant cases which explore conceptual model and
parameter uncertainties. Variant cases may also explore sensitivity to the calculation approach.
4.2

Approach for Previous Assessments
Such a formalised structure was not explicitly followed for the original PCRSA (Nexia, 2006). The
original PCRSA effectively investigated the following scenarios:
•

A main scenario of no climate and landform evolution.

•

Sea level rise and coastal erosion.

•

Future human actions.

Within the main scenario, assessment calculations were undertaken for groundwater and gas
pathways, with the groundwater pathway considering contaminated groundwater discharging at the
coast.
Doses were calculated for a number of Potentially Exposed Groups (PEGs). This included a PEG
that consumed groundwater from a well. Calculated groundwater and environmental radionuclide
concentrations were also used to assess the potential impacts to controlled waters with reference
to World Health Organisation (WHO) screening levels in drinking water, and to ecosystems as
doses to terrestrial and marine organisms.
A number of variant cases were used to explore conceptual and parameter uncertainties:
•

Pumping of leachate until 2120 AD.

•

The groundwater pathway lies within the drift only and all groundwater discharges to the
beach.
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•

Sensitivity to hydraulically effective rainfall (HER).

•

Sensitivity to groundwater flow rate.

•

Sensitivity to radionuclide solubility limit.

•

Discharge of contaminated groundwater to the Natterjack toad breeding ponds.

Updates to the original PCRSA in 2009 (NNL, 2009) considered a bathtubbing scenario and some
additional variant cases:
•

Alternative radionuclide fingerprint.

•

Disruption by riverine erosion rather than coastal erosion.

Arguments were made against the possibility of a future emergent land scenario, which could
potentially include use of well water for irrigation or for domestic animals to drink as well as a
variant case considering incision / erosion by Newmill beck rather than coastal erosion.
The potential exposure pathways considered in the original PCRSA are summarised in Table 11.
For the groundwater pathway, the different PEGs and their habits were based on observed present
day behaviours. For the other pathways, habits were assumed or based on generic cases
developed elsewhere, for example the National Radiological Protection Board (NRPB; Oatway and
Mobbs, 2003) housing and construction worker scenarios were used to define the PEG habits for
the future human actions scenario.
These potential exposure pathways are all still relevant and need to be assessed within the
PCRSA. The PEGs, their habits and the assessment methods are further reviewed in the
subsequent sections of this report.
Table 11. Potential exposure pathways considered in the original PCRSA (Nexia, 2006; NNL,
2009)
Scenario

Receptor

Exposure Mechanism

Main scenario groundwater

Off-site fishermen (adults,
children and infants)

External irradiation, inhalation, inadvertent
ingestion, foodstuffs (seafood only).

Off-site bait diggers (adults)

External irradiation, inhalation, inadvertent
ingestion, foodstuffs (seafood).

On-site farmers (adults, children
and infants)

External irradiation, inhalation, inadvertent
ingestion, foodstuffs (farmer’s family are only
exposed via foodstuffs).

Person drinking contaminated
water

Water from a well drilled into the sandstone.
Hand scoops of water taken from seepages on
the beach.

Non-human biota (marine and
terrestrial organisms)

Internal and external update from the
environment

Main scenario - gas

Person living on the site

Inhalation of radon (indoors)

Human Intrusion

Person living on the site

External irradiation, inhalation, inadvertent
ingestion, skin contamination, foodstuffs.

Construction worker

External irradiation, inhalation, inadvertent
ingestion and skin contamination

Person occupying the beach in
front of the site

External irradiation, inhalation and inadvertent
ingestion

Person exposed by blocks of
waste on the beach

External irradiation, inhalation and inadvertent
ingestion

As for main scenario groundwater

As for main scenario - groundwater

Coastal erosion

Bathtubbing
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A hydrogeological risk assessment (HRA) has also been undertaken for the operational phase
considering non-radiological contaminants (TACCL, 2012). The HRA considers five scenarios
including a normal evolution scenario (Scenario 1) and four scenarios exploring different
engineering performance assumptions, which all lead to increased leachate fluxes through the
basal liner:
•

Scenario 1 – Compliance, all systems working optimally

•

Scenario 2 – As 1, but higher leachate concentrations

•

Scenario 3 – Degradation of leachate drainage systems, i.e. pipe failure

•

Scenario 4 – As 3, plus partial clogging

•

Scenario 5 – As 1, but higher leachate levels

The operational scenarios are essentially independent of the post-closure scenarios and cases
considered in the PCRSA, although the results of the HRA provide insight regarding the
performance of the basal liner. This information wasn’t available to the original PCRSA, but is
considered here.
4.3

Scenarios and Calculation Cases for the Present Assessment
For this review of the original PCRSA, it is proposed to more formally structure the scenarios and
calculation cases into a NES and a small number of AES, and within each scenario a reference
case and variant cases. This structure will more clearly support calculation of radiological capacity
and options for new disposal limits. This also provides a structured framework for any future
updates to the PCRSA as new information becomes available.
In the structure adopted, a scenario represents a plausible representation of the future evolution of
the system. Then:
•

The NES represents the best estimate or reference evolution scenario.

•

The AES represent plausible, low likelihood but significant deviations from the NES as a
result of external or internal factors (e.g. environmental changes, human intrusion,
unexpected early failure of a key safety feature such as the cap, etc) to represent the key
alternatives to the NES.

•

A set of calculation cases together explore the ‘reference case’ behaviour of each
scenario, and ’variant case’ behaviours linked to key conceptual model uncertainties and
other classes of uncertainty such as parameter uncertainty.

Consistent with the assessment context described previously, the NES assumes the site will be
disrupted by coastal erosion. Based on the high-level review of the coastal evolution (Section 3.7),
erosion of the site is assumed to begin 300 years’ post-2030 and to take 100 years to complete.
This is also consistent with the arguments made in the LLWR 2011 ESC, and takes into
consideration the location of CLESA immediately adjacent to the coast, and the already committed
sea level rise due to warming and expansion of the oceans (Fish et al., 2010). This scenario
assumes that coastal defences may be maintained for a period of time, to protect assets such as
the railway line, the Sellafield site and the adjacent Moorside site (if new build proceeds), but does
not rely on them. In the NES, the period for which defences may be maintained is less than the
maximum conceivable period shown in Figure 18, i.e. to 2420 AD, with disruption of the site by
coastal erosion beginning at 2330 AD.
Disruption of the site by coastal erosion could begin earlier or later than assumed in the NES, due
to uncertainties in the rate of erosion and measures that may be undertaken to protect the
coastline. Earlier and later erosion of the site than assumed in the NES are treated as two AES.
The timelines for the NES, early and later erosion scenarios are shown in Figure 18.
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It is not considered appropriate for the CLESA PCRSA to rely on the construction of coastal
defences for other purposes, and the costs associated with construction of defences specifically to
protect CLESA would likely be disproportionate. However, there are good reasons to expect
defences to be constructed to protect other assets that would also protect CLESA. The maximum
time for which defences may be maintained is assumed to be 300 years after the site end state
(Figure 18), i.e. 300 years of institutional control of the Sellafield site, although this may not be
practical in reality depending on the rate of sea level rise (Figure 2).
In comparison with the early erosion scenario, the NES provides greater opportunity for occupancy
of the cap following the end of the period of institutional control, i.e. post-2120, and also for the
lower probability event of inadvertent human intrusion through the cap into the wastes. It is
therefore a more cautiously realistic scenario than the early erosion scenario to provide the basis
for any changes to the disposal limits.
Consistent with the original PCRSA, the potential for early failure of the cap leading to bathtubbing
of the site is noted, and this is included as a low probability AES. The original PCRSA also
discusses an emergent land scenario (NNL, 2009). This is a very low probability AES which
assumes the site is not eroded, and then the sea regresses beyond 50,000 years associated with
global cooling.
In summary seven AES are identified and are briefly outlined as follows:
•

Human intrusion. There is assumed to be inadvertent intrusion through the cap into the
wastes. In addition to the resultant acute exposures, it is assumed that this results in
contamination of the site, which could subsequently be occupied. Consistent with the
cases assessed for LLWR (Hicks and Baldwin, 2011), a house could be constructed on
the contaminated materials, and contaminated materials could be incorporated into soils
that are subsequently used for smallholding.

•

Earlier than expected degradation or failure of the cap. Here infiltration through the cap
exceeds drainage through the base and sides of the site. The site becomes fully saturated
(i.e. it ‘bathtubs’) and contaminated water discharges to the surface and shallow
groundwater at the cap perimeter. This situation is considered to be unlikely, hence it is
treated as an AES. Sellafield Ltd are undertaking cap design work, and assessing the
long-term site engineering performance, to develop an appropriate cap design. It is
considered likely that an appropriate cap design will build high confidence that the cap will
have the required performance and durability, so there is only minimal risk of the site
bathtubbing before it is disrupted by coastal erosion.

•

Early erosion of the site. It is assumed that coastal defences are not maintained, and
erosion of CLESA begins 100 years earlier than the NES. (This is not to say that other,
more heavily contaminated areas of the Sellafield site would not be protected from coastal
erosion, including through construction of defences after CLESA has been eroded).
Erosion of CLESA takes 50 y. There is more limited opportunity for inadvertent intrusion
into the wastes through the cap, and occupancy of the cap, compared with the NES.
(Intrusion is assessed within the human intrusion scenario). Erosion of the site could
potentially start earlier than this, but even in the absence of defences, the risk of earlier
erosion is low, and it is unlikely that at the end of institutional control the site would be left
in a state whereby erosion could begin immediately. Therefore erosion beginning
immediately at the end of the period of institutional control is considered unlikely.

•

Late erosion of the site. Coastal erosion proceeds more slowly than in the NES. It is
assumed that erosion of CLESA begins after 100 y later than the NES. Erosion of CLESA
takes 200 y, i.e. twice as long as the NES. Inadvertent intrusion into the wastes through
the cap, and occupancy of the cap could occur. (Intrusion is assessed within the human
intrusion scenario).

•

Emergent land scenario. The site is not eroded and over very long timescales the sea
regresses associated with global cooling. Contaminated groundwater discharges to this
emergent land and the potential use of groundwater for irrigation or domestic livestock
consumption needs to be considered.
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•

Materials scavenging and re-use scenario. Consistent with the NES, erosion of the site is
assumed to begin in 300 years. A scavenger retrieves some materials from the site. Some
of these materials are then incorporated into the foundations of a house, resulting in
exposure of the occupants. These would be low-grade materials and would need
significant processing before being incorporated into a concrete base slab for example.
So, the most likely opportunity (although still very unlikely) would be use of scavenged
materials as hardcore placed in the foundations of a building. A concrete base slab would
then be poured over the hardcore. This is the reuse of materials that is considered in this
scenario. Short-term doses associated with using retrieved materials for landscaping or
construction would be similar to, or lower than, the doses associated with scavenging the
materials. Long-term doses from materials used for landscaping would be lower than
associated with occupancy of a house incorporating scavenged materials. Scavenged
materials would not be suitable for soil to grow foodstuffs.

•

Riverine erosion scenario. In Section 3.7.5 it was noted that riverine erosion could result in
wastes at the north end of CLESA being exposed in a steep bank several metres above
the River Calder. The site would remain in this condition until it is fully disrupted by coastal
erosion. The timing of riverine erosion is uncertain, but cautiously it is assumed to occur
200 y post-2030, with disruption of the site occurring 300 y post-2030; consistent with the
NES. Users of the coastal and riverine environment could potentially be exposed to the
wastes outcropping in the steep bank above the river, and any slumped material lower
down the bank.
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Figure 18. Timelines for the NES, and AES for early and later erosion of the site
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4.4

Calculation Cases

4.4.1

Calculation Cases for NES
a) Reference Case
The reference case includes the operational phase, period of institutional control and post-closure
phases. The ongoing operational lifetime of CLESA is anticipated to be circa 15+ years, with
operations continuing until the early 2030s at the current rate of disposals. There will be some
radioactive decay during the operational phase, and some of the more mobile radionuclides will be
leached from the wastes by rainfall. The majority of the leachate and associated radionuclide
loading will be captured via the basal drainage system and managed as an authorised discharge. A
very small amount of leachate may drain through the liner and enter the underlying groundwater.
Once the site is full it will be capped, and any other closure engineering, such as passive drainage,
will be installed. There will be a significant decrease in the amount of leachate generated and the
site will transition from leachate pumping to passive leachate management. The site will be
monitored to confirm it is performing as expected, and if necessary remedial measures could be
undertaken. During the period of institutional control access to the site will be controlled, so
inadvertent intrusion or exposure to gas due to occupancy of the cap will be prevented. The
institutional control period is assumed to last until 2120, i.e. 90 years. During this time there will be
significant decay of shorter lived radionuclides including H-3, Co-60 and Cs-137.
At the end of the period of institutional control unrestricted access to the site will be possible. It is
possible that covenants and societal memory will limit the activities on the site and reduce the
potential for site occupancy and inadvertent human intrusion. Nevertheless, a house is assumed to
be built on the site at the end of the period of institutional control. Occupancy of the site and house
could lead to exposure to Rn-222 gas and radiolabelled gases, from the wastes. Smallholding
activities could also lead to exposure to releases of H-3 and C-14 labelled gases through food
chain uptake. There is no inadvertent human intrusion into the wastes: this is treated as an AES.
Initially the performance of the cap will be good and it will significantly limit infiltration into the
wastes. During the period of institutional control the water level will increase in the site, increasing
the head driving flow through the basal liner, until the inflows and outflows balance. Over time both
the cap and basal liner will degrade. It is assumed that the rates of degradation are broadly similar
so bathtubbing will not occur.
The original PCRSA does not take any credit for the hydraulic performance of the cap, and
assumes infiltration is equal to Hydraulically Effective Rainfall (HER), i.e. rainfall less evaporation
and transpiration. A high value of 670 mm/y is used.
For the LLWR 2011 ESC, annual infiltration through the cap was elicited for a number of times
(Jackson et al., 2011). For each time a range of values were elicited. The central values were:
•

2080 AD, as built, 1 mm/y.

•

2180 AD, 10 mm/y.

•

3180 AD, 200 mm/y.

•

7000 AD, 300 mm/y.

The final value at 7000 AD assumed the cap had fully degraded, and infiltration was equal to HER
for current climate conditions and a vegetated cap. The as built HER corresponds to an overall
hydraulic conductivity of 3E-11 m/s with unit head gradient, i.e. no head of water to drive flow
through the resistive layers.
Here, it is assumed the CLESA cap would initially have a maximum initial hydraulic conductivity of
1E-9 m/s, which gives an infiltration of 32 mm/y assuming no significant head of water to drive flow
through the resistive layer(s). This is a cautious assumption, for example the HRA (TACCL, 2012)
assumed that infiltration through the cap would initially be 8 mm/y.
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The specification for CLESA’s cap has not been developed, but there is increasing evidence that
geomembranes will retain performance for several hundred years, i.e. significantly beyond design
guarantee timeframes, BES layers may maintain their performance for even longer, and the
combined performance of a BES layer and geomembrane may be greater than the summed
performance of the individual resistive barriers as has been adopted for the LLWR ESC.
For CLESA it is cautiously assumed the only resistive barrier is a geomembrane, and this degrades
over a period of several hundred years. Therefore, it is assumed that infiltration through the cap is
initially 32 mm/y, but this increases over 300 years until it reaches a maximum of 300 mm/y, i.e. it
is assumed the cap has fully degraded by the time the site starts to be eroded.
There could be a very small amount of leakage through the base during the operational phase, the
period of institutional control, and the early post-closure phase. This would gradually increase
during the post-closure phase as the cap and basal liner slowly degrade. Leachate will drain
sub-vertically to the regional groundwater, before being transported sub-horizontally towards the
coast. The original PCRSA assumed that transport would be within the drift and the underlying
sandstone, with 50% of the discharge from the drift being to the beach and 50% to the local coastal
waters, and all the discharge from the sandstone being to the local coastal waters.
Given the location of CLESA immediately adjacent to the coast, which is a zone for upflow and
discharge of groundwater from the much wider region, it is unlikely that radionuclides from CLESA
will discharge to local coastal waters. Radionuclides from CLESA are more likely to be transported
along shallow flow paths and discharge to the foreshore. The elevation of rockhead below CLESA
is similar to the regional piezometric surface, so it is possible that radionuclides could enter the
sandstone here. However, the sandstone falls away to the south-west, so any radionuclides that
enter the sandstone would likely migrate from the sandstone into the drift between CLESA and
mean high water, at which point rockhead has fallen to approximately -10 m AOD (Figure 5).
Overall, it is most likely that transport will mainly be within the drift, with the entire contaminant flux
discharging to the foreshore. In the original PCRSA this situation was explored as a GeosphereBiosphere Interface (GBI) sensitivity study (Nexia, 2006).
The original PCRSA assessed risks for the groundwater pathway considering consumption of
groundwater from a well in the sandstone and drinking a few handfuls of groundwater discharging
onto the beach (foreshore seeps). Radionuclides in groundwater discharging to the beach and local
foreshore would migrate within the biosphere, due to processes including tidal mixing, sorption onto
coastal sediments, and return to land via sea spray. The PCRSA calculated risks to fishermen, bait
diggers and farmers including consideration of radionuclide uptake via the food chain.
The groundwater pathway risks calculated by the original PCRSA are shown in Figure 19. The
results show two peaks in risk:
•

An early peak associated with mobile radionuclides; and

•

A later peak associated with long-lived, less mobile radionuclides and their ingrown
daughters.

Risks are dominated by consumption of well water from the sandstone. Risks to farmers, fishermen
and bait diggers are several orders of magnitude below the risk target. The dominance of well risks
is further emphasised by scenario probabilities that have been applied in calculating risk. Well risks
include a probability of 0.01 of a well being drilled and utilised for drinking water within an area that
intersects the groundwater plume, before site disruption by coastal evolution. Risks for other
pathways are calculated assuming an exposure probability of unity, and any further probability
arguments are made qualitatively.
In the Geosphere-Biosphere Interface (GBI) sensitivity case, peak risks increased by an order of
magnitude, but were still negligible for fishermen, farmers and bait diggers. Risks from drinking
-1
from groundwater seeps increased to 3.E-8 y at 126,000 years. Well water risks were not
calculated since it was considered very unlikely there would be drinking water wells in the drift.
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Figure 19. Groundwater pathway risks (Nexia, 2006). N.B. well risks include a probability of
0.01 of there being a well.
These potential pathways are all still relevant. However, the NES now assumes the site will be
disrupted by coastal erosion within a few hundred years, so the focus is on risks due to mobile
radionuclides. It is unlikely a drinking water well would be drilled below CLESA or between CLESA
and the coast, due to the risk of saline contamination, and because fresh water is reliably available
from Newmill beck and from the River Calder approximately 200 m upstream of CLESA. Borehole
9630 is located on the perimeter road to the south west of CLESA. It is 10 m deep and therefore
screened within the drift (TACCL, 2015). This borehole has significant saline contamination,
although other nearby wells such as 7990 and 7986c (Figure 10) do not.
Given that radionuclides only have the potential to be present in the sandstone immediately below
the site, the drift only has limited water resource potential, and sources of surface water are
available, it is argued the risks posed by contaminated well water are very low. Nexia (2006)
argued that the probability of there being a well that intersects the contaminant pathway is 0.01.
This was considered to be a cautious value and didn’t take into account the limited potential for
radionuclides to be present in the sandstone, so the probability is likely smaller than this.
Given the very low likelihood of a well, it is excluded from the reference case, but is included as a
variant case. Farmers, fishermen and bait diggers are all retained in the reference case as is
consumption of a small quantity of water from the beach seeps (2 l/year: Nexia, 2006).
As the coast erodes, the Natterjack toad ponds will be eroded and subsequently the erosion front
will pass through the site. As the erosion front passes through the site, the wastes will be exposed
in the cliff and material will be transported onto the beach and then offshore. Different grain sizes
will behave in different ways, and so radionuclide particle size associations will affect radionuclide
transport behaviour. Clays and silts will be winnowed away and migrate offshore, while sand will be
mobilised by each tide and will regularly exchange with material offshore. Gravels and stones
including whole and broken bricks on the storm beach will only be mobilised during storm
conditions. Large blocks of concrete wastes may remain on the beach. Large blocks of concrete
are expected to be contaminated on the surfaces, and the contamination will be removed through
weathering before the blocks eventually break-up and disperse.
People occupying the beach may be exposed to the wastes. The original PCRSA considered two
PEGs:
•

A “Cliff Scenario” where a person is exposed to the eroded wastes on the beach and in the
cliff; and
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•

A “Block Scenario” where a person is exposed to the contamination associated with large
concrete blocks.

The time spent exposed to contaminated blocks or wastes in a cliff would only be a fraction of the
total occupancy.
These PEGs are still considered appropriate for CLESA, but the conceptual models can be refined
considering more recent work for the LLWR. For example, a person occupying the beach may also
receive doses through or examining or clambering on the wastes exposed in the cliffs; and the time
spent on the site frontage would likely only be a fraction of the time spent on the wider coastal
area. In addition to the potential for exposure to higher levels of contamination associated with
surface contamination on large concrete blocks, people could be exposed to higher active particles
and stones derived from hotspots in the waste or broken off contaminated surfaces, although the
frequency of such exposures would be low. This is further discussed in Section 5.3.
Disposals to CLESA could also result in impacts to ecological receptors. Organisms in three
different environments could potentially be exposed:
•
•
•

Terrestrial: Organisms living in or on radioactively contaminated waste/soil.
Freshwater: Organisms living in or on the river or river bed.
Marine: Organisms living in or on the sea or seabed.

The lower reaches of the River Calder are tidal and present a saline or brackish environment. The
potential impacts to biota in this environment are bounded by assessing potential impacts to
freshwater and marine organisms
The organisms that could potentially be exposed in each environment are identified in Table 12.
Table 12. Organisms that could potentially be exposed to radionuclides
Ecological Receptors
Terrestrial Environment

Freshwater Environment

Marine Environment

Amphibian;
Bird;
Arthropod;
Flying insects;
Mollusc – gastropod;
Grasses & herbs;
Lichen & bryophytes;
Shrub;
Annelid;
Mammal – large;
Mammal – small, burrowing; and
Reptile.

Amphibian;
Benthic fish;
Bird;
Crustacean;
Insect larvae;
Mammal;
Mollusc – bivalve;
Mollusc – gastropod;
Pelagic fish;
Phytoplankton;
Vascular plant; and
Zooplankton.

Benthic fish;
Bird;
Mammal;
Pelagic fish;
Phytoplankton;
Polychaete worm;
Reptile;
Vascular plant; and
Zooplankton.

Potential doses to ecological receptors are of particular interest at 2120 AD (90 years) and 2330
AD (300 years), i.e. at the end of the period of institutional control and when CLESA starts to be
eroded. The end of the period of institutional control is the first time the cap could be subject to
anthropogenic disturbance, and terrestrial organisms could potentially be exposed to the wastes.
Doses to Freshwater and Marine organisms will occur in response to radionuclide transport in
groundwater flow. In the NES it is assumed the period of institutional control lasts for 90 y to 2120
AD, and the cap is maintained throughout the period of institutional control, so at 90 y the
performance of the cap is still good and the rate of leaching from the wastes is low. At 300 y the
site begins to erode and there is no longer a groundwater pathway. At this time the performance of
the cap has decreased significantly, so the rate of leaching has increased. However the activity in
the waste is much lower than at 90 y due to a combination of leaching and decay.
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b) Variant Case 1 – Well
This variant case assumes a person gets all their annual drinking water supply (600 l/y; Nexia,
2006) from a well drilled on the south-west boundary of the site; similar to the location of the
present day monitoring wells 9630 and 7790 (Figure 10). The well is assumed to be located in the
drift, as this would directly intersect the radionuclide transport path. The well could also be drilled
into the sandstone, but it may not directly intersect the radionuclide transport path and there would
be greater dilution with clean water. Therefore the assumption that the well is in the drift maximises
the potential doses.
4.4.2

Calculation Cases for AES – Human Intrusion
a) Reference Case
The original PCRSA considers two PEGs. A construction worker PEG who is exposed through
intrusion into the source and a PEG who lives on the site, is exposed to excavated wastes and
consumes foodstuffs contaminated by the excavated materials. The PEG habits are described by
the NRPB construction scenario and housing scenario PEGs respectively (Oatway and Mobbs,
2003).
More recently the LLW Repository Ltd has reviewed the plausible activities that could lead to
intrusion into the site, including the depth and area of intrusion and the volume of material
extracted (Hicks and Baldwin, 2011). The intrusion events include:
•

Acute exposures associated with borehole drilling, trial pit excavation, laboratory analysis
of excavated material and construction excavations;

•

Chronic exposures associated with post-construction occupancy of a contaminated site or
smallholding on a contaminated site; and

•

Chronic exposures associated with informal scavenging or organised material recovery
from an eroding site.

The post-construction occupancy and smallholding events were found to result in the highest
doses, and have been used to help define the LLWR radiological capacity and WAC.
The post-construction occupancy event assumed 2000 m 3 of material is removed from a 5 m deep
excavation covering an area of 400 m 2. This includes a mixture of cap materials and wastes, so the
waste is diluted by mixing with the cap materials. It is assumed that a house is built directly on the
excavated materials, and time outdoors is also spent exposed to excavated materials.
The smallholding event assumed 250 m 3 of material was removed from a 5 m deep excavation,
covering an area of 50 m 2. The smallholder is assumed to have 0.75 hectares (7,500 m 2) of land
and the excavated materials are spread over this area to a ploughing depth of 0.3 m, giving a total
volume of 2250 m 3. The smallholder’s house is built directly on the excavated materials.
7,500 m2 is a significant proportion of the area of CLESA, and would involve smallholding on a
relatively steep sided and exposed cap, but it is possible a ploughed area could extend beyond the
CLESA site boundary over the Calder Landfill / Calder Landfill Extension. However, this is
considered to be a very cautious event for CLESA.
It is proposed to assess three events for CLESA, based on those assessed for LLWR considering
acute and chronic exposures:
•

Borehole driller;

•

Post-construction occupancy; and

•

Smallholder.

In their assessment calculations for the LLWR 2011 ESC, Hicks and Baldwin (2011) calculated that
doses from borehole drilling are greater than from excavating trial pits, and the borehole event
provides a suitable basis to assess the potential doses associated with drilling into a hotspot of
contamination. All three events also include the possibility of exposure to higher active particles
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and stones (Sumerling and Mobbs, 2013) derived from hotspots in the waste or broken off the
contaminated surfaces of larger items.
This is further discussed in Section 5.4.
b) Variant 1 – 3 m Thick Cap
In this variant case, the cap is assumed to be 3 m thick rather than the 1 m assumed in the
reference case. This reduces the amount of waste exposed in response to inadvertent intrusion
into the site. It also reduces the probability of excavations intruding into the waste, but probabilities
are not assigned to the different intrusion events.
4.4.3

Calculation Cases for AES – Earlier than expected Cap Failure
Reference Case
The original PCRSA (NNL, 2009) identified two potential pathways for flow of leachate from CLESA
landfill following earlier than expected cap degradation / failure and subsequent bathtubbing:
•

To the north/north-west and into the River Calder and hence into the Irish Sea; and

•

Draining vertically downwards into the minor drift aquifer or perched groundwaters before
being transported towards the beach / local coastal waters.

NNL (2009) considered the second pathway to be most likely, and that the flow and infiltration of
waters discharging from CLESA would largely be controlled by the rate of bathtubbing and the
drainage capacity of the land immediately surrounding the CLESA landfill, particularly on the north
and western sides. Should the rate of overtopping exceed the drainage capacity of this surrounding
land, excess leachate/infiltration may reach the River Calder to the north/north-west.
The Natterjack Toad breeding ponds are comparatively shallow and a raised railway line and
associated embankment runs between them and CLESA. NNL (2009) therefore considered it
unlikely that the Natterjack Toad breeding ponds would ever receive leachate from CLESA under a
bathtubbing scenario.
NNL (2009) assessed the impacts of bathtubbing in the context of groundwater pathways and
discharge of radionuclides to the River Calder and the beach. Although discharge of water to the
river significantly increased risks compared with groundwater discharge to the beach, the risks
were still low, and significantly below the risk guidance level of 1E-6 y -1.
As inferred by the conceptual model described above, bathtubbing could also lead to contamination
of the ground surface and shallow ground surrounding the south-west and north-west sides of the
site. People could potentially be exposed by occupancy of this contaminated land. This was not
considered in the original PCRSA.
Due to the local geography, it is unlikely the affected areas around the cap perimeter would be
occupied significantly. Also these areas would be boggy, which would deter intrusion. A further
cautious assumption made is that the recreational PEG who is exposed during erosion of the site is
also exposed prior to erosion by walking across these contaminated areas.
4.4.4

Calculation Cases for AES – Early Erosion
Reference Case
The reference case for the early erosion scenario is identical to the NES, except that costal erosion
begins earlier, and proceeds more rapidly.

4.4.5

Calculation Cases for AES – Late Erosion
Reference Case
The reference case for the late erosion scenario is identical to the NES, except that costal erosion
begins later, and proceeds more slowly.
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4.4.6

Calculation Cases for AES – Emergent Land
Reference Case
The original PCRSA assumed a main scenario of no environmental change. NNL (2009) discussed
the potential for sea level fall, resulting in discharge of contaminated water to newly emergent land.
Rivers and streams would likely cross this land flowing to the sea, including extensions of the
present day rivers and streams. The land could be used for agriculture, and groundwater and
surface water could be used for human and animal consumption and irrigation.
NNL (2009) assessed this scenario, by focusing on the likelihood of it occurring. NNL cited
BIOCLIM data which indicates that climate conditions are generally expected to be warmer relative
to the present day at west Cumbria for the next 100,000 to 170,000 years after present (AP).
Conditions colder than those at the present day are unlikely to occur until more than 100,000 years
after present and may not occur within 200,000 years. These findings continue to be endorsed and
supported by recent work (e.g. BGS, 2013).
NNL (2009) then discuss the potential for coastal erosion of CLESA. A number of studies are cited
that provide strong evidence CLESA will be disrupted by coastal erosion. More recent work
undertaken for LLWR (Fish et al., 2010) further confirms the expectation of erosion of the West
Cumbrian coast in response to sea level rise. The expectation that CLESA will be disrupted by
coastal erosion during the next few hundred years is also supported by the high-level review
presented in Section 3.7.
NNL (2009) concluded that this scenario is so unlikely that it does not need to be conceptualised or
assessed further. Since recent work continues to support this conclusion, this scenario is not
considered any further in the present assessment.

4.4.7

Calculation Cases for AES – Materials Scavenging and Re-use
Reference Case
As described in Section 4.3, this case considers short-term doses to a person retrieving waste
materials from the eroding site, and long-term doses to a person occupying a house that uses
retrieved materials as hardcore in the foundations. Two different situations are considered: retrieval
and re-use of bulk wastes with the PCRSA fingerprint; and retrieval and re-use of surface
contaminated blocks. Retrieval and reuse is assumed to occur at 300 y, consistent with the timing
of coastal erosion assumed in the NES.

4.4.8

Calculation Cases for AES – Riverine Erosion
Reference Case
It is assumed that at 200 y riverine erosion results in wastes being exposed in a steep bank several
metres above the River Calder. Slumped waste materials are also present on the river bank, below
the exposed wastes. The site remains in this condition until it starts to be disrupted by coastal
erosion at 300 y. It is assumed there is preferential occupancy of the contaminated area for
angling, and anglers are exposed through occupancy of the contaminated river bank. This is a
cautious, low likelihood scenario, due to the assumption of preferential occupancy.

CLESA PCRSA Review Report
December 2017
Page 56

5.

ASSESSMENT MODELS AND CALCULATIONS
This section describes the approaches used to assess the calculation cases. A range of calculation
approaches are used, including simple analytical calculations, semi-quantitative or qualitative
arguments, and more detailed computer models. One model may be used to assess a number of
different calculation cases, so the assessment approach is described for each pathway, rather than
for each case. Where models are used, the model configuration and parameterisation, and input
data are described.

5.1

Groundwater Pathway
The original PCRSA assessed risks to farmer, fishermen and bait digger PEGs due to discharge of
radionuclides in groundwater at the coast. Risks associated with consumption of well water and
drinking a few handfuls of water from the beach seeps were also assessed.
As discussed in Section 4.4, calculated risks to farmers, fishermen and bait diggers were several
-1
orders of magnitude below the risk guidance level of 1E-6 y . This was on the basis of a waste
fingerprint with an activity of 37 Bq/g (which over-estimates activities compared to actual
disposals). Even if the disposal limit was significantly increased in the future, e.g. by a factor of 5.4
to 200 Bq/g, these risks would be unlikely to approach the risk guidance level, because risks to
farmers, fishermen and bait diggers increase linearly in proportion to the inventory: so for this
example risks would increase by a factor of 5.4 also. Calculated risks due to consumption of beach
seeps and well water were more significant.
For the present assessment, a number of updates have been made to the conceptual models
compared with the original PCRSA, so it is appropriate to develop updated assessment models for
well water and beach seeps to assess the potential impacts of these updates, and to inform any
future changes in disposal limits. These updates to the conceptual model are not expected to
significantly increase risks to farmers, fishermen and bait diggers.
An updated assessment model has been implemented using the GoldSim software tool (GoldSim
Technology Group, 2016). The updated assessment model reflects the key changes to the
conceptual model since the original PCRSA:
•

The site is expected to be eroded after a few hundred years, so risks will be dominated by
mobile radionuclides.

•

Radionuclides are only likely to enter the sandstone immediately below the site, but will
enter the drift as they migrate towards the coast. Therefore radionuclide transport is likely
to occur predominantly within the drift with discharge to the beach (i.e. foreshore).

•

The cap will limit infiltration into the site. This will reduce the rate of leaching of mobile
radionuclides and hence the peak fluxes and risks.

The near-field and geosphere components of the model are described below.
5.1.1

Near-Field
The near-field broadly comprises two layers: the existing disposals, and future disposals placed on
top of the existing disposals. The future disposals may have a higher component of
decommissioning wastes and higher radionuclide activities.
For the groundwater and coastal erosion pathways, the near-field is represented in the GoldSim
model by a single model cell. The radionuclide inventory of the wastes is assigned to this near-field
cell. The inventory includes the existing disposals, and future disposals that are assumed to be
more similar to the PCRSA fingerprint (Table 5).
The geochemical conditions, which control leaching of radionuclides from the wastes and release
from the near-field, are strongly influenced by the waste materials, and are therefore expected to
be broadly similar throughout the site. A shift from the current disposals that are dominated by soil
and spoil, to more brick and concrete from decommissioning would not significantly change the
conditions, although more concrete wastes might increase the pH and reduce the mobility of some
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radionuclides. Cautiously this is neglected. Overall, for the groundwater pathway it is considered
appropriate to model the near-field as single cell with a single set of conditions.
During the operational phase infiltration will be at its maximum, and some of the more mobile
radionuclides will be leached from the wastes. The operational phase is not included in the model,
so loss of radionuclides through decay and operational discharges is excluded. This is a cautious
simplification which maximises the inventory when the volumetric capacity of the site has been
used. Other parameters used in the near-field model are described in Table 13.
Coastal erosion would simultaneously expose the existing disposals and future disposals, in cliffs
at the back of the storm beach. The existing disposals would be more easily accessed from the
beach than future disposals, because they would be lower down the cliffs. However, in the
assessment calculations we cautiously assume time spent clambering on the cliffs is proportionally
distributed between existing and future disposals, so it is appropriate to model the existing and
future disposals using a single model cell.
Human intrusion would be into the wastes at the top of the site. Therefore, for human intrusion
calculations the near-field is modelled as a single model cell that only contains future wastes.
Cautiously, leaching of radionuclides from the wastes is not considered .
Table 13. Parameterisation of the near-field release model in the NES reference case
Parameter

Value

Reference

Infiltration through the cap as
built

32 mm/y

Cautiously assuming a minimum specification cap
with an average effective hydraulic conductivity of
1E-9 m/s

Degraded cap

300 mm/y

Jackson et al. (2011).

Cap degradation time

300 y

Assumption,
considering
the
durability
of
geomembranes, but also assuming the cap is much
lower specification than LLWR so has much lower
durability than proposed by Jackson et al. (2011).
Assume fully degraded at start of coastal erosion.

Waste density

1

2030 kg/m

3

Assume same as unconsolidated materials in the
3
cap, and consistent with the value of 1590 kg/m
used by Nexia (2006).

Waste porosity

0.23

Based on ratio of in-situ waste density to density of
3
mineral quartz – 2650 kg/m .

Radionuclide solubility limits

As Nexia (2006)

As Nexia (2006)

Sorption distribution coefficients

As Nexia (2006)

As Nexia (2006)

Site Area

13,600 m

2

Section 3.3

1

The in-situ density of future disposals is uncertain and could increase if the proportion of decommissioning
wastes increases. However, this would not significantly affect the calculated groundwater pathway risks as the
key risk radionuclides are not sorbed, or are only weakly sorbed.

5.1.2

Geosphere
Transport through the geosphere was simulated using ten GoldSim cells. The first five cells
represent sub-vertical transport from the base of the site to the regional groundwater system, and
the next five cells represent sub-horizontal transport in the regional groundwater to the coast. In
each case, 5 cells were chosen to give an amount of dispersion equivalent to that which might be
expected in reality (i.e. dispersivity of 10% or a Peclet number of 10). The first regional
groundwater cell has the same length and width as the site, while the remainder of the path length
to the coast is divided equally between the other four compartments. Other parameters used in the
near-field model are described in Table 14.
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Table 14. Parameterisation of the geosphere transport model in the NES reference case

5.2

Parameter

Value

Reference

Pathlength

263 m

From the inland boundary of the site to mean high
water (measured using Google Earth, but also see
Figure 15).

Thickness of unsaturated zone /
upper groundwater

7.5 m

Difference between approximate elevation of the
base of the site (Drawing 05327/18A) and the
regional piezometric surface below the site (Figure
6, Figure 7).

Flow path depth

3.5 m

Difference between approximate elevation of the
regional piezometric surface below the site and
mean sea level (Figure 6, Figure 7).

Hydraulic conductivity

1E-5 m/s

Representative value base on HU1 (Serco/Golder,
2010)

Hydraulic gradient

0.015

TACCL (2015)

Density drift

1600 kg/m

Drift Porosity

0.4

Based on ratio of drift density to density of mineral
3
quartz – 2650 kg/m .

Sorption distribution coefficients

As Nexia (2006)

As Nexia (2006)

Well water consumption

600 l/y

Nexia (2006)

Seep water consumption

2 l/y

Nexia (2006)

3

Assume same as cap

Gas Pathway
The CLESA inventory could lead to generation of Rn-222, and gases radiolabelled with H-3 and
C-14, in particular tritiated water vapour and C-14 labelled methane or carbon dioxide. The original
PCRSA argued risks from H-3 and C-14 were not significant and focused on risks from Rn-222;
considering doses to people occupying a house built on the cap. Migration of Rn-222 and doses to
people were calculated using a model implemented in GoldSim. In contrast, the LLWR 2011 ESC
used a different approach, which was underpinned by empirical data for radon generation in soils
and migration into buildings.
The CLESA gas pathway assessment is updated in Section 6.1 by qualitatively assessing the
potential risks from H-3 and C-14, and updating the assessment for Rn-222. The results of LLWR’s
assessment of risks from Rn-222 are compared against the results of the original CLESA PCRSA.
The LLWR approach is considered to be more robust, so the CLESA assessment is updated by
scaling LLWR’s assessment results.

5.3

Coastal Erosion
The original PCRSA assessed risks associated with coastal erosion and explored two calculation
cases based on the LLWR 2002 Post Closure Safety Case:
•

Doses from eroding wastes exposed in the cliffs; and
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•

Doses from blocks of waste on the beach.

The LLWR coastal erosion assessment was significantly updated for the 2011 ESC, including
developing a model of progressive erosion and transport of materials from the cliffs to the offshore
sediment sinks, and updated assumptions around the habits of potentially exposed groups.
Since coastal erosion is a key issue for CLESA, and is likely to be a significant control on the
wastes that can safely be disposed, an updated assessment model has been developed mirroring
the approach and PEG habits used for the LLWR 2011 ESC. Similar to the LLWR model, the
CLESA model is implemented in GoldSim and considers progressive erosion of the site and
offshore dispersal of the eroded wastes, cap materials and underlying geology.
The LLWR model divides the site into a number of areas reflecting the different vaults and the
distribution of key radionuclides in the trenches. The existing disposals to CLESA are much more
homogeneous than to LLWR and the disposals to date have broadly similar activity. Future
disposals will be placed on-top of the existing disposals, so as the site erodes, both the existing
and future disposals will be exposed at the same time. In the CLESA assessment model, it is
assumed that the proportion of existing and future disposals is broadly constant, and that all the
future disposals are at the disposal limit. Therefore the site is not subdivided into different areas in
the model, and it is represented by a single cell.
In reality the activities of future disposals are likely to be heterogeneous, with some disposals
approaching the activity limits and others with significantly lower activity. Because the model
assumes all future disposals are at the activity limits, it will not underestimate the potential impacts
of the actual disposals. One of the factors that can be considered in the emplacement strategy is
homogenising the distribution of activity in the site to the extent that is practicable. This will
minimise the potential for peaks in impacts as volumes of the site containing higher levels of
activity are eroded.
Doses are received from recreational use of the coast. This includes some time spent clambering
on the cliffs, but the majority of the time spent on the (storm) beach and foreshore, split in
proportion to their surface areas, noting that the foreshore is covered by the tide for half the time.
The recreational user is exposed by external irradiation, and inadvertent ingestion and inhalation.
Exposure to blocks of waste is not assessed using this model, but is assessed subsequently using
a different approach.
The time spent on the coast is based on local habits data. Only some of the time is spent on the
site frontage, while the rest of the time is spent on other areas of the beach where contamination is
negligible in comparison. Therefore the time spent on the site frontage can be estimated as the
total time on the beach multiplied by the fraction of the total beach length that is made up by the
eroding site frontage.
HPA (2011) provides occupancy data for the local beaches. CLESA is at the very north end of the
Seascale beach area described by HPA (2011) and immediately adjacent to the Sellafield beach
area. HPA (2011) beach occupancy data is shown in Table 15.
Seascale beach is approximately 3.5 km long, and Sellafield beach is approximately 2.8 km long.
The frontage of CLESA is approximately 117 m, so only a fraction of the time on the beach would
be spent in front of CLESA. Length weighed occupancies of CLESA frontage are shown in
parenthesis in Table 15.
Table 15. Beach occupancy data (HPA, 2011). Length weighted occupancies of the CLESA
frontage are shown in parenthesis.
Beach / percentile of
habits data
Sellafield 50th percentile
th

Sellafield 97.5 percentile

Adult Leisure (hr/y)

Adult Walking (hr/y)

Adult Angling (hr/y)

-

65 (3)

50 (2)

-

143 (6)

195 (8)

Seascale 50 percentile

th

57 (2)

263 (9)

101 (3)

Seascale 97.5th percentile

150 (5)

910 (30)

571 (19)
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Noting that the Calder estuary may attract some preferential occupancy, for example for angling
activities, a cautious occupancy of 50 hr/y is assumed, i.e. all of the 50 th percentile time spent
angling is spent at the Estuary. This is longer than all of the length weighted occupancies given in
Table 15. It compares with length weighted occupancy of 162 hr for the recreational beach user in
the LLWR 2011 ESC. The LLWR ESC assumed the recreational user spends 10 hr/y on the cliffs.
This is reduced to 5 hr/y for CLESA, which is considered to be cautious given the much smaller site
frontage than LLWR and the smaller total time spent on the site frontage. The rest of the time is
divided between the beach and foreshore in proportion to their areas, noting that the foreshore is
covered by the tide for half the time.
Cautiously all 5 hr/y spent on the cliffs is assumed to be spent clambering on slumped wastes at
the base of the cliffs, or wastes exposed higher up the cliff face. Dilution of the slumped wastes is
neglected, and it is assumed that the person simultaneously receives external doses from the
wastes and the slumped materials.
Site specific data used in the model is given in Table 16. All other data are as per the LLWR 2011
ESC (Towler et al., 2011).
Table 16. Site specific data for CLESA coastal erosion model
Parameter
Site

Storm Beach

Foreshore

Local offshore
sediments

St Bees to
Ravenglass
coastal cell

Value
Length of CLESA disposal area, parallel to
coast 116.6 m
Length of CLESA disposal area,
perpendicular to coast 116.6 m

Reference
The site dimensions were calculated
2
from an overall plan area of 13,600 m

Elevation of base of waste 10 m AOD

Drawing 05327/18A.

Average thickness of wastes 8.8 m

Based on a volume of 120,000 m

Average height of cap 18.8 m AOD

Base elevation plus average thickness of
waste plus cap thickness
The site dimensions were calculated
2
from an overall plan area of 13,600 m

Length of CLESA disposal area, parallel to
coast 116.6 m.

3

Present day width 50 m

Based on the range given in Table 7 of
Fish et al. (2010).

Depth 2 m

Assumed to be similar to LLWR, see
Towler et al. (2011).
The site dimensions were calculated
2
from an overall plan area of 13,600 m

Length of CLESA disposal area, parallel to
coast 116.6 m.
Present day width 465 m

Based on the range given in Table 7 of
Fish et al. (2010).

Depth 0.5 m

Assumed to be similar to LLWR, see
Towler et al. (2011).
The site dimensions were calculated
2
from an overall plan area of 13,600 m
Particle mobility assessments indicate
that sand can be mobilised at distances
up to 1500 m from mean water (Fish et
al., 2010).

Length of CLESA disposal area, parallel to
coast 116.6 m.
Width 1500 m.

Assume depth as foreshore, i.e. 0.5 m
Length, 25 km

Towler et al. (2011).
Approx. distance from St Bees to
Ravenglass

Width 1500 m

Particle mobility assessments indicate
that sand can be mobilised by at
distances up to 1500 m from mean water
(Fish et al., 2010).

Assume depth as foreshore initially, i.e.
0.5 m. Increases with time to represent
amount of uncontaminated material

Towler et al. (2011).
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Parameter

Elevation of
erosion front
Inhalation rate
Dust loading
Ingestion rate
Density beach
sand and other
coastal sediments
Porosity beach
sand and other
coastal sediments

5.3.1

Value
eroded from the entire coastline, i.e. 25 km
x average erosion rate x assumed average
cliff height of 5 m.
7m

Reference

1.375 m /hr
3
1E-7 kg/m
5 mg/hr
3
1590 kg/m

Present day elevation of storm beach of
c.4 m AOD (Figure 16) and assuming a 3
m shift due to sea level rise (Table 9).
Towler et al. (2011).
Towler et al. (2011).
Towler et al. (2011).
Towler et al. (2011).

0.4

Towler et al. (2011).

3

Particles Released by Coastal Erosion
As discussed in Section 3.4, if disposal limits were increased in the future, and/or average rather
than maximum activity limits were applied, heterogeneity in the waste inventory may become
important for the impacts associated with human intrusion and coastal erosion. It was identified that
the potential risks associated with exposure to relatively active particles and large blocks of waste
with relatively active surfaces needs to be considered in the PCRSA. Conceptual models have
been developed for exposure to particles and blocks, and assessment of these cases requires
different calculation approaches compared with the assessments for exposure to bulk
contaminated materials. The approach to assessment of particles is discussed in this section, and
blocks in the following section.
The original PCRSA (Nexia, 2006) considered exposure to particles on the beach. Particles were
assessed qualitatively in the context of the particles of spent fuel released to the coastal
environment at Dounreay. It was argued that the likelihood of such particles being present in the
wastes consigned to CLESA is very low, and the probability of an individual coming into contact
with such a particle in the environment is also very small. Therefore the risks were very low and did
not need to be considered further.
Although this remains correct, the subsequent discovery of particles on the beaches at Sellafield
and exposed by coastal erosion at Dalgety Bay have highlighted the potential for a much wider
range of radioactive particles than the spent fuel particles found at Dounreay, as well as the
potential risks posed by particles in the environment.
Consequently, over the last few years the potential for release of radioactive particles and their
potential impacts has become of increasing interest.
The potential impacts of particles arising as a result of coastal erosion of the LLWR have recently
been assessed in detail (e.g. Sumerling, 2013; Mobbs and Sumerling, 2012). Although LLWR have
concluded that risks from particles are low, they have developed WAC to control the potential for
disposal of wastes containing particles, or material that could generate active particles on erosion.
The potential risks from particles are expected to be significantly lower for CLESA than LLWR.
Here we undertake a proportionate assessment to build confidence in this case.
a) LLW Repository Ltd’s Assessment
Sumerling (2013a) assesses the potential doses from encounters with radioactive particles during
erosion of the LLWR. Sumerling (2013a) notes that having considered LLWR’s assessments of
radioactive particles and related issues of heterogeneity, the Environment Agency has developed
supplementary ‘Advice to Environment Agency Assessors on the Disposal of Discrete Items,
Specific to the Low Level Waste Repository near Drigg’. The advice has been brought forward
because the Environment Agency considers that the expected future evolution of the LLWR site,
which is destruction by coastal erosion, raises issues that were not fully considered in developing
the GRA.
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The advice suggests, amongst other things, that for future disposals, an optimised approach should
seek to prevent items individually carrying ‘a significant burden of radioactivity’ from being disposed
of in the LLWR. This includes radioactive particles. Sumerling (2013a) analyses the Environment
Agency advice and proposes that an assessed effective dose from encounter in the range 3 mSv to
20 mSv provides a reasonable test to define what constitutes a significant burden of radioactivity.
Sumerling (2013a) and Mobbs and Sumerling (2012) assessed the potential doses from particles
released during coastal erosion considering particles known to be present in the LLWR (mineral
sands) and the characteristics of particles found on beaches at Dounreay, Sellafield and Dalgety
Bay. The assessment approach was based on that used by the HPA to asses impacts of
radioactive particles found on beaches in the vicinity of Sellafield (HPA, 2011). The activities of the
particles are assessed and given in Table 17.
Table 17. Activities of 1 mm particles assessed by Sumerling (2013a)
Particle
Monazite /thorite sand

Activity (Bq)

Activity (Bq) after 300 years of
decay

0.55 to 4.7

0.55 to 4.7

Radium paint

3,900

3,400

Admiralty specification radium paint

17,000

15,000

1,000,000

710,000

15,000

5,700

410

410

PWR spent fuel (10 years after
reactor discharge)

1,200,000

790,000

AGR spent fuel (10 years after
reactor discharge)

400,000

320,000

GCR spent fuel (10 years after
reactor discharge)

200,000

180,000

Sellafield alpha-rich particle
Dounreay cladding/fuel particle
Natural uranium as UO2

The results showed that the highest doses were due to inadvertent ingestion of 1 mm particles (the
maximum particle size the HPA consider can be inadvertently ingested) and these are shown in
Figure 20. Other potential exposure pathways considered include inadvertent inhalation of
10 micron particles; skin doses and effective doses arising from contact with particles and stones;
external irradiation from particles and stones taken home; and ingestion of particles in sea food.
Mobbs and Sumerling (2012) ruled out the potential for deterministic effects to the skin and
gastrointestinal (GI) tract from inadvertent ingestion, so only stochastic effects are relevant. The
effective dose depends on the fraction of the particle that dissolves in the GI tract and the fraction
that is absorbed from the GI tract to body fluids (f 1). For many particles f 1 is small, for example
Mobbs and Sumerling (2012) note that the HPA assessment of particles found on the beaches in
the vicinity of Sellafield (HPA, 2011) recommends an f 1 value of 3E-5 for Pu and Am.
The doses calculated by Sumerling (2013a) for inadvertent ingestion are shown in Figure 20 for
two different f 1 values. The results for realistic f 1 values show that only high specific activity
particles have sufficient activity to deliver a committed effective dose in the range 3 mSv to 20
mSv, and none of the particles deliver a committed effective dose above 20 mSv.
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Figure 20. Doses due to inadvertent ingestion of particles calculated by Sumerling (2013a)
Mobbs and Sumerling (2012) describe the risks posed by particles as the product of the dose,
frequency of encounter and the risk factor (risk per unit dose). The probability of encountering a
high specific activity particle is very low, so the risk is also low.
Although the doses from mineral sands are very low, the probability of encountering mineral sand
particles is much higher than for other high specific activity particles. For example, using HPA
habits data, Mobbs and Sumerling (2012) calculated that the following annual exposure
frequencies (for an adult regularly walking on the beach):
•

Mineral sand particle: ingestion 0.1 y-1, external (particles on skin, clothes, under nails, and
-1
on shoes) 300 y .

•

Uranium particle: ingestion 1E-3 y-1, external 3 y-1.

•

Other particles: ingestion 1E-6 y , external 3E-3 y .

-1

-1

Therefore, for a spent fuel particle the risk to an adult from inadvertent ingestion would be
approximately:
-1

-1

-1

20E-3 Sv x 3E-3 y x 0.06 Sv = 4E-6 y .
b) CLESA Assessment Approach
The probability of specific high activity particles being inadvertently disposed to CLESA is very low,
and lower than for LLWR due to the types of wastes received. Although minerals sands would not
be disposed to CLESA, the types of particles that may be present in or generated from the wastes
disposed to CLESA are likely to be more similar to the mineral sands, i.e. larger numbers of lower
activity particles, rather than a few high specific activity particles.
Since risk is equal to the product of dose and exposure frequency, confidence is required that
sufficient numbers of very low active particles could not be released from CLESA to results in risks
above the guidance level of 1E-6 y-1.
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The activities of particles that could potentially be released from CLESA are uncertain and could
cover a wide range, although (except for monazite / thorite sands) they would likely be much lower
than the activities of the high specific activity particles assessed by Sumerling (2013a) (Table 17).
Therefore deterministic effects can be excluded. Stochastic effects are calculated for an upper
bound particle activity assuming all the activity is associated with particles of a single radionuclide.
Doses are calculated for inadvertent ingestion since Sumerling (2013a) shows this to be the limiting
exposure pathway for determining WAC. Doses are calculated using the standard dose factors for
uptake from foodstuffs (Thorne et al., 2012). These dose factors assume a much higher f 1 value
than would be expected for particulates and are therefore significantly cautious.
Risks are then calculated for each particle by multiplying the dose by the frequency of encounter
-1
and a dose-risk factor of 0.06 Sv .
Two potential sources of relatively active particles have been identified for CLESA:
•

Material broken off the contaminated surfaces of brick or concrete decommissioning
wastes; and

•

Particles derived from hotspots within disposals of soil / spoil.

In Section 3.4 it was proposed that the maximum surface activity that should be considered is
4E4 Bq/g. Material broken off this surface could give rise to 1 mm diameter particles containing
50.3 Bq of activity. Therefore for the CLESA assessment, it is assumed each particle initially
contains 50.3 Bq of activity.
Box 1 describes the potential activity of particles associated with hotspots in soil / spoil. It shows
how all the activity in a 10 m 3 consignment containing an average activity of 200 Bq/g would have
to be concentrated into a small fraction of the total volume (0.5%) to give rise to particles containing
50.3 Bq of activity. It also shows that for a given total activity the relationship between the activity of
the particles and the number of the particles is linear.
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Since risk is equal to dose multiplied by the frequency of exposure, and doses vary linearly with
activity, it can be seen that the risk will be the same regardless of the activity assumed for the
particles; the risk just depends on the total amount of activity. This relationship holds true until
particle activities become sufficiently large for deterministic effects to become important, or doses
exceed 100 mSv, when the dose-risk relationship changes. As noted above, particles of sufficient
activity for these outcomes can be excluded for CLESA.
Mobbs and Sumerling (2012) proposed a method to calculate the frequency of exposure based on
the results of the LLWR coastal erosion assessment model. They assumed that all the activity on
the beach and foreshore was present in the form of particles. They used this to calculate the
number of particles per gram of sand, based on the estimated beach and foreshore volumes and
densities. This result can be used to calculate the exposure frequency for ingestion using the HPA
approach (HPA, 2011):
Ping = T.Ming.N
Where,
Ping is the frequency or probability of encounter (y-1)
T is the time spent on the contaminated area of beach in a year (hr/y)
Ming is the quantity of sand ingested per hour (g/hr)
N is the number of particles per gram
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The same approach is used here, based on the results of the coastal erosion assessment model
described above. As described for the coastal erosion model, the time spent on the contaminated
area of the beach is assumed to be 50 hr/y. HPA (2011) gives a best estimate value of 0.0045 g/hr
for Ming for adults. This was rounded up to 0.005 g/hr consistent with Table 16. An occupancy of 50
hr/y is a cautiously high value, selected based on data for adults, on the basis that the estuary
might attract preferential occupancy, for example for fishing (Section 5.3). Such preferential
occupancy is most likely to be undertaken by adults, and the value for M ing is consistent with this.
The calculations were undertaken in GoldSim. The activity in a particle of each radionuclide was
calculated over time, taking into account decay and ingrowth. The maximum number of particles on
the coast was then calculated at any given time assuming all the activity was in the form of
particles of one type (parent radionuclide plus its ingrown daughters where relevant).
The total number of particles in the system is (approximately) constant over time, and the activity in
the particles changes through decay and ingrowth. There may be a change in the total number of
particles over time, because the total activity is due to the combined decay and ingrowth of a
number of different radionuclides, while the risk calculation assumes that all the activity is
associated with particles of a given type. However, this does not affect the calculation result
because, as noted above, the risk depends on the total activity, not how it is divided between the
activity and number of particles.
5.3.2

Contaminated Blocks of Waste Exposed by Coastal Erosion
a) Casual Inspection of Blocks
As the site erodes, any blocks of waste with contaminated surfaces will be exposed. These may
include concrete blocks of various sizes, bricks, etc. They will be left behind on the storm beach
and will gradually break-up and migrate offshore through weathering, wave action, etc. Although
these items will comply with the site disposal limits (Bq/g), it is possible the activities on their
contaminated surfaces may be higher. These items may be of interest to people in terms of
clambering on them, sheltering behind them or curious inspection. The doses from casual
inspection of these items with potentially relatively high surface radionuclide concentrations need to
be assessed.
Sumerling (2013c) undertakes an assessment of discrete items with relatively high radionuclide
activities within the LLWR that may be exposed through coastal erosion or human intrusion; and
proposes WAC for future disposals of discrete items. Following discussions an ongoing
development of the assessment with the Environment Agency, Sumerling (2013c) proposes a dose
rate limit of 20 µSv/hr, i.e. a dose limit of 20 µSv and assuming 1 hr spent examining such objects
per year. This is considered to be appropriate for casual inspection and handling of such objects.
Doses from events involving organised recovery of eroding items would be higher, but Sumerling
argues these should be treated as an intrusion event, and therefore be assessed against dose
limits of 3 mSv and 20 mSv. The additional exposure time required to reach these dose limits
compared with 20 µSv is sufficiently high that WAC limiting doses from casual inspection for an
hour to 20 µSv, would limit doses from organised recovery to much less than 3 mSv and 20 mSv.
Sumerling (2013c) considers a range of different contaminated items, and treats them as spheres
of different sizes. External irradiation doses from inspecting the items at close range (0.3 m) are
calculated, as are doses from inadvertent ingestion of loose surface material. Sumerling notes that
assessments undertaken for particles (Sumerling, 2013a) show doses due to inadvertent ingestion
dominate over doses from inhalation of particulates and doses to the skin, and are therefore more
limiting in determining WAC.
Sumerling (2013c) also considers the potential for inspecting discrete items during human intrusion
events. It is noted that these might occur before the LLWR is disrupted by coastal erosion, thereby
providing less time for radioactive decay. However, the opportunity for and the frequency of
exposure would be lower, and human intrusion events would be assessed against dose limits of
3 mSv and 20 mSv.
The potential doses due to exposure to contaminated blocks are calculated for CLESA following
the general approach of Sumerling (2013c):
•

Doses are calculated against a limit of 20 µSv from 1 hour of exposure per year.
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•

The blocks of waste are treated as being surface contaminated spheres.

•

Doses are due to external irradiation and inadvertent ingestion.

•

External irradiation occurs through close inspection at a distance of 0.3 m.

•

External dose factors are calculated using the scaling approach described in Thorne et
al. (2012) as used by Sumerling (2013c).

•

A secondary ingestion coefficient of 1E-6 m 2/hr is assumed (see Sumerling, 2013c).

•

The dose from each radionuclide is calculated assuming an activity of 40,000 Bq/g in
the surface layer. The contaminated surface layer is 1 mm thick.

Contamination is assumed to be in the top 1 mm of the surface of the block. It is possible that
contamination has penetrated deeper into the block, for example along cracks or joints. However,
for a given block size and total activity, doses will be maximised when all the activity is on the
surface of the block, so this case is cautious.
The dose factors used by Sumerling (2013c) are for a spherical source. Where contamination is on
one side of a block the geometry will be slightly different. However, a person casually inspecting a
block would likely inspect all accessible sides, so the overall geometry would average out to being
more like a sphere. For large blocks it is possible that not all sides would be inspected, but this
introduces the possibility that the contaminated side would not be inspected. Furthermore, the
contaminated side could be against the ground and be inaccessible. These effects will average out
over a number of blocks. So for blocks of all sizes, the dose factors used by Sumerling are
considered to be appropriate.
A 0.6 m radius spherical block of concrete with a surface activity (within the top 1 mm) of 40,000
Bq/g will have an average activity of 200 Bq/g (Table 18), which is the highest potential activity limit
being explored in this assessment (as the notional LA-LLW limit is the upper activity limit assumed
for this study, irrespective of risk arguments). If the block was 0.3 m radius the average activity
would be 400 Bq/g and therefore is beyond the potential activity limits being explored. If the block
was 1 m radius the average activity would be 120 Bq/g which would be well within the highest
potential activity limit being explored.
Table 18. Comparison of the activity associated with spherical concrete blocks of different
sizes
Radius
Density

m

0.3

0.6

1

2.40E+03

2.40E+03

2.40E+03

Thickness of contamination

m

1.00E-03

1.00E-03

1.00E-03

Volume

m3

1.13E-01

9.05E-01

4.19E+00

Surface area

m2

1.13E+00

4.52E+00

1.26E+01

Contaminated volume

m3

1.13E-03

4.52E-03

1.26E-02

Bq/g

40000

40000

40000

Mass of block

kg

2.71E+02

2.17E+03

1.01E+04

Mass of contamination

kg

2.71E+00

1.09E+01

3.02E+01

Bq

1.09E+08

4.34E+08

1.21E+09

Bq/g

400

200

120

Surface activity

Inventory
Block activity

kg/m

3

In reality many of the blocks will be cuboidal rather than spherical. Table 19 shows the properties of
concrete wastes from Pile 1. The wastes are associated with concrete barrels and diffusers, so are
assumed to be cylindrical in geometry, with contamination on the inner surface. When broken into
smaller pieces, the resultant fragments would be approximately cuboidal with contamination on one
surface. A piece measuring 0.3 m by 0.3 m has been assumed. The surface activity is 20,100 Bq/g
and the average is 141 Bq/g which are both below the maximum surface activity and also the
highest potential activity limit being explored. The properties of a hypothetical block of similar
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dimensions are then calculated. The block has an average activity of 200 Bq/g, which gives a
surface activity of 30,000 Bq/g.
Table 19. Activity associated with cuboid concrete blocks
Pile 1

Hypothetical

Thickness of block

m

1.43E-01

Calculated

1.50E-01

Density

kg/m3

2.40E+03

Assumed

2.40E+03

Thickness of contamination

m

1.00E-03

Known

1.00E-03

Volume

m3

1.28E-02

Calculated

1.35E-02

Surface area

m2

9.00E-02

Assumed

9.00E-02

Contaminated volume

m3

9.00E-05

Calculated

9.00E-05

Surface activity

Bq/g

Mass of block

kg

3.08E+01

Calculated

3.24E+01

Mass of contamination

kg

2.16E-01

Calculated

2.16E-01

Inventory

Bq

4.34E+06

Calculated

6.48E+06

Block activity

Bq/g

Radius of sphere of equal volume

m

20100

141
1.50E-01

Known

Known
Calculated

30000

200
1.50E-01

Overall, the following two blocks are assessed:
•

A 0.6 m radius sphere with a surface activity of 40,000 Bq/g and an average activity of
200 Bq/g (Table 18).

•

A 0.3 m x 0.3 m x 0.15 m block with a surface activity of 30,000 Bq/g on one face, an
average activity of 200 Bq/g, and an equivalent sphere radius of 0.15 m (Table 19).

From (Thorne et al., 2012) the relevant dose factor scaling factors for an infinite planar surface are:
•

0.6 m radius = 3.35E-1

•

0.15 m radius = 7E-2

b) Accumulation of Blocks on the Storm Beach
During erosion of the site, large blocks of waste will likely remain on the storm beach. Smaller
blocks of waste and bricks will also preferentially be retained on the storm beach, but may also
move under storm conditions, and are more likely to break-up over time through weathering and
wave action than large blocks. Sand sized and finer material will readily move under normal wave
and tide conditions.
If the activity disposed to the site is preferentially associated with blocks and bricks, it is possible
that these sorting processes could lead to higher average radionuclide concentrations in the
wastes left on the storm beach than in the wastes in the site. A calculation is undertaken to assess
if these sorting processes could lead to average radionuclide concentrations on the storm beach
exceeding the concentration of the bulk waste, and therefore result in higher doses/risks than the
bulk wastes.
It is unlikely that the storm beach would contain only blocks and bricks. The interstitial spaces
between the bricks / blocks would likely be filled with sand / gravel. At the extreme, sorting
processes could lead to a pile containing ‘random close packed’ bricks / blocks. For random close
packing, the fraction bricks / blocks would be ~65%.
An extreme assumption is that all the activity disposed to CLESA is present as surface
contamination on bricks / blocks. There is no activity associated with soil / spoil. During erosion of
the site, sorting processes result in a pile containing 65% of these bricks / blocks. The other 35%
comprises uncontaminated sand between the bricks / blocks. The bulk average activity of the pile is
calculated, assuming all the blocks / bricks are surface contaminated on one face.
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It is noted that large surface contaminated blocks with an average activity exceeding the bulk
activity limits would not be accepted. Therefore, such blocks could not lead to average radionuclide
concentrations on the storm beach exceeding the concentration of the bulk waste. However, it
would not be practicable to characterise large numbers of bricks and small blocks to this level of
detail: especially in consignments containing mixtures of bricks/blocks and soil/spoil. So, the focus
here is on bricks and small blocks.
5.3.3

Scavenging and Re-use of Materials
Coastal scavenging is a low likelihood, short-term intrusion event, where doses should be
compared against a dose guidance level of 20 mSv. Hicks and Baldwin (2011) consider an
exposure duration of 40 hr/y for coastal scavenging.
The NES assumes a recreational user of the coast spends 5 hr/y clambering on wastes exposed in
the cliffs and on slumped wastes. Risks to the recreational user are assessed against the guidance
-1
level of 1E-6 y . It is assumed this situation is likely to occur (i.e. probability of unity), so the risk
equates to a committed effective dose of 17 µSv. Disposal limits that lead to calculated doses
≤17 µSv from 5 hr/y exposure, will result in much less than 20 mSv dose from 40 hr/y exposure.
A described above, doses from an hour spent closely inspecting surface contaminated blocks are
compared against a dose criterion of 20 µSv, i.e. a dose rate limit of 20 µSv/hr. Disposal limits that
limit the dose rate from close inspection of a block to 20 µSv/hr, will require 1000 hr/y spent
scavenging to receive a dose of 20 mSv. Therefore, disposal limits that limit the dose rate from
close inspection of a block to 20 µSv/hr, will limit doses to a person spending 40 hr/y scavenging
the eroding wastes to much less than 20 mSv.
Doses from materials scavenging do not need to be assessed further.
Hardcore scavenged from the eroding site is assumed to be used in the foundations of a house. A
0.1 m thick concrete base slab is poured over the hardcore. The scavenged materials are expected
to be too low grade to use as aggregate in the concrete base slab. This case is very similar to the
human intrusion scenario, site occupancy case, but it occurs at 300 y rather than at 100 y.
The hardcore could comprise coarser grade soil / spoil, and broken bricks / concrete blocks.
Therefore, two inventory cases are considered:
•

The hardcore comprises a mix of materials with a bulk average activity of 200 Bq/g
(when disposed) with the PCRSA fingerprint.

•

The hardcore is from broken-up (0.6 m radius) concrete blocks that (when disposed)
were surface contaminated with a single radionuclide with 40,000 Bq/g activity, and a
bulk average activity of 200 Bq/g (Section 5.3.2). Note that the calculated doses to the
occupier of the house depend on the bulk average activity. So, blocks with different
geometry and different levels of surface contamination, but the same bulk average
activity, would lead to the same calculated doses.

Since the doses depend on the bulk average activity, the second inventory case is equivalent to the
first inventory case, except the activity is due to a single radionuclide rather than a mix of
radionuclides with the PCRSA fingerprint.
The second case is very unlikely. It assumes the material is all taken from the same deposit of
waste, where the activity is due to the presence of a single radionuclide. While some radionuclides
such as Cs-137 could dominate the activity, for the majority of radionuclides it is very unlikely they
would be present at these levels. For example, the available fingerprint information suggests it is
very unlikely that alpha radionuclides would be present at these levels. It is anticipated that for
some radionuclides, e.g. Ra-226 and Th-232, that are present in small proportions in the PCRSA
fingerprint, activity levels of 200 Bq/g could lead to high calculated doses.
The occupier of the house is exposed through external irradiation, and inhalation of radon gas.
Consistent with the site occupier event described by Hicks and Baldwin (2011), the site occupier is
assumed to spend 80% of their time in the house. This is a cautious assumption. Also consistent
with Hicks and Baldwin (2011), the reduction in the external dose rate due to the shielding provided
by the concrete base slab is a factor of 0.3 compared with a semi-infinite, unshielded slab.
Calculated annual effective doses are compared against a dose guidance level of 3 mSv.
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a)

Rn-222 Gas

Annex A, Part II, of UNSCEAR (1988) describes calculation of release of Rn-222 into a house
through a concrete base slab. The release rate to air from ground containing 25 Bq/g of Ra-226 is
-2 -1
reported as 1.7E-2 Bq m s . Using Equation 2.3 from Annex A of UNSCEAR (1988), the diffusive
-2 -1
flux through a 0.1 m thick concrete slab is 2.83E-3 Bq m s , i.e. 0.17 of the unattenuated flux
Using Equation 2.5 of UNSCEAR (Annex A, Part II, 1988), the radon entry rate into a house with a
floor plan of 100 m 2 and volume of 250 m3 is 4.07 Bq m -3 hr-1. The minimum whole building
ventilation rate for a three bedroom dwelling is 21 l/s (Table 5.1b in HM Government, 2010). This
-1
gives a turnover rate for the air in the building of 0.30 hr . The equilibrium Rn-222 concentration in
-3
air in the house is therefore 13.5 Bq m . Typically, air turnover rates in domestic buildings and
-1
-1
office premises are at least 4.0 hr , so the use of an air-change rate of 0.30 hr is cautious by
about one order of magnitude.
Hicks and Baldwin (2011) state that for 80% occupancy, an air concentration of 200 Bq m -3 gives
an annual effective dose of 10 mSv. So an air concentration of 13.5 Bq m -3 gives an annual
effective dose of 0.68 mSv.
Overall, the dose from Rn-222 in a house with a 0.1 m thick concrete base slab built over material
with a Ra-226 concentration of 25 Bq/g is 0.68 mSv. Using this result, the Rn-222 doses for the two
inventory cases described above were calculated.
b)

External Irradiation

External doses were calculated using a model implemented in GoldSim. The calculations are
identical to those undertaken for the Human Intrusion site occupancy case, except for the following
assumptions:

5.4

•

The bulk wastes were assumed to have an in-situ density of 2030 kg/m 3. There is bulking
of the wastes upon excavation, so the density decreases to 1590 kg/m 3.

•

The concrete blocks were assumed to have a density of 2400 kg/m 3. The bulking factor
upon breaking up the blocks is assumed to be 1.3. The density of the resultant hardcore is
1846 kg/m3.

Human Intrusion Pathway
In Section 4.4 it was proposed to assess the borehole driller, post-construction site occupancy and
smallholder cases from the LLWR 2011 ESC. The mathematical models and data are described by
Hicks and Baldwin (2011). The models were implemented in GoldSim and the radiological capacity
calculations for LLWR were reproduced to build confidence in the implementation. CLESA specific
parameter values (Table 20) were then entered into the model.
Intrusion is most likely to be into the wastes at the top of the site. These will be the last wastes to
be emplaced. Therefore, decay during the operational phase is not taken into account in the
assessment calculations. Inadvertent intrusion is assumed to be possible from 2120 AD, i.e. 90 y
after the final wastes have been disposed.
Table 20. CLESA parameter values for human intrusion assessment models

5.4.1

Parameter

Value

Notes

Inventory

Table 1

Intrusion through the cap will only access
future disposals

Cap thickness

1m

Section 3.6

Depth of intrusion

5m

Waste density

2030 kg/m

Hicks and Baldwin (2011)
3

Section 3.4

Particles Released by Human Intrusion
The original PCRSA (Nexia, 2006) considered exposure to particles on the beach. Particles were
assessed qualitatively in the context of the particles of spent fuel released to the coastal
environment at Dounreay. The original PCRSA did not assess the potential impacts of particles
during human intrusion.
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The particles of relevance are the same for both coastal erosion and human intrusion. The LLWR
2011 ESC considers the potential for exposure to particles due to coastal erosion after 300 years
(Sumerling, 2013a; Mobbs and Sumerling, 2012), and due to human intrusion after 100 years
(Sumerling and Mobbs, 2012). The same times are assumed for the CLESA assessment. Human
intrusion occurs earlier so there is less time for decay, and for many particles the activity is higher
(Table 17).
Consistent with the assessment of release of particles during coastal erosion of the LLWR,
Sumerling and Mobbs (2012) considered deterministic and stochastic impacts. They calculated the
absorbed doses to skin, and concluded that only a fuel fragment containing Sr-90 and Cs-137,
similar to those found in the vicinity of Dounreay, could give rise to an absorbed dose above the
threshold for tissue effects in skin in about 2 hours. The particle would have to be excavated from
the last LLWR vault to be closed (c.2080 AD), i.e. with the minimum time for decay before the
intrusion event (at 2180 AD). No other particles are calculated to give rise to tissue effects.
To assess stochastic effects the annual dose was calculated. The annual dose is the product of the
effective dose per encounter and the annual frequency of encounter. The frequency of encounter is
different for human intrusion and coastal erosion. Only a small fraction of the wastes, and hence
particles, will be exposed as a result of human intrusion; while a much greater fraction of the
wastes will be exposed at any given time due to coastal erosion. Occupancy of the contaminated
site (hr/y) is greater for the human intrusion cases than the coastal erosion cases. Sumerling and
Mobbs (2012) calculated that of the different human intrusion cases, the frequency of encounter is
greatest for the post-construction site occupier case, since this is associated with excavation of the
largest amount of material.
The annual dose was calculated to be below 3 mSv for all particle types and exposure pathways,
except external exposure to monazite/thorite sands from the maximum activity concentration in the
trenches, which gave rise to an annual dose of 10 mSv.
The maximum potential activity of particles in CLESA at the time of disposal is 50.3 Bq (Section
5.3). Except for monazite/thorite sands this is well below the activities of all the particles assessed
for LLWR after 100 years of decay, so any particles in CLESA will not give rise to deterministic
effects. The potential stochastic effects were assessed following the method of Sumerling and
Mobbs (2012), with the calculations being implemented in GoldSim.
Considering the same particles as the coastal erosion case, the maximum number of particles
excavated was calculated by cautiously assuming all the excavated activity was in the form of
particles. The number of particles per gram of excavated material was then calculated based on
the volume of material excavated and its density. Note this includes both excavated wastes and
clean cap materials. This is consistent with the approach used to calculate the potential frequency
of exposure to particles in response to coastal erosion of the site.
The exposure frequency was calculated using the following the method of HPA (2011) and data
from Sumerling and Mobbs (2012), see Table 21.
Table 21. Data for calculation of exposure frequency (Sumerling and Mobbs, 2012)
Parameter

Value

Annual intake via inadvertent ingestion

8.77E+00 g

Annual quantity of material on skin, clothes, nails and in shoes

2.10E+04 g

The potential doses were then calculated for the post-construction site occupier, considering
inadvertent ingestion and external exposure due to contact with skin, under the nails, within shoes
and on clothing. The exposure duration was assumed to be the entire time outside. The exposed
individual was considered to be an adult, and the effective dose was calculated from the absorbed
2
dose using an organ weighting factor for skin (0.01) x 1 cm /body area, with the body area for an
2
adult of 1.9 m (Mobbs and Sumerling, 2012). Skin dose factors were taken from Harvey et al.
(1993), using the beta values for skin of 4 mg/cm 2.
The total annual dose was calculated as the product of the dose and exposure frequency. Doses
were compared against the dose guidance level of 3 mSv for human intrusion.
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Doses from inhalation were not considered because Sumerling and Mobbs (2012) and Sumerling
(2013a) showed that external exposure and ingestion are the key pathways. This is consistent with
the activity that could be present in a 10 micro-metre diameter particle, which is the maximum
respirable particle size (HPA, 2011). Assuming the same activity concentration as a 1 mm particle
containing 50.3 Bq, the particle activity would be 5.3E-5 Bq, so very small.
5.5

Ecological Assessment

5.5.1

Introduction
Doses to ecological receptors were calculated using the ERICA Integrated Approach and
7
associated assessment tool .
The ERICA Integrated Approach is a comprehensive method to address the ecological effects of
ionising radiation on biota and ecosystems. A software programme, the ERICA Tool, was
developed to support the Integrated Approach, and assess potential risks associated with ionising
radiation to environmental receptors.
Potential doses to ecological receptors were assessed using version 1.2.1 of the ERICA model
(Brown et al., 2016). The ERICA model has three different levels of assessment: Tier 1, Tier 2 and
Tier 3. Exposure to radiation is based on the absorbed rate per unit mass of an organism, per unit
time (µGy/h). Activity concentrations are measured (or calculated) in both media and biota,
including an assessment of external and internal exposure. Tier 1 uses primarily generic data and
Tiers 2 and 3 increasingly use more site specific data. Where an assessment Tier concludes that
doses to ecological receptors are acceptable then further assessment at higher Tier(s) is not
typically required.
The ERICA assessment tool includes three different ecosystems:
•

Terrestrial: Ecological organisms living in or on radioactively contaminated waste/soil.

•

Freshwater: Ecological organisms living in or on the river or river bed.

•

Marine: Ecological organisms living in or on the sea or seabed.

A Tier 1 assessment was completed for each of the three ecosystems, using site specific media
concentrations in soil, sediment and water for each radionuclide. The site specific media
concentrations input into the tool were used to calculate environmental media activity
concentrations for reference organisms within the respective ecosystem selected. The resultant
activity concentrations were compared with the Environmental Media Concentration Limit (EMCL).
At Tier 1, the ratio of the radionuclide activity concentration to the EMCL is the Tier 1 risk quotient.
If the sum of the calculated risk quotients is less than one, the risk to non-human biota can be
considered negligible and no further assessment would typically be considered necessary. For
each of the three ecosystems considered in the Tier 1 assessment, the calculated risk quotient was
greater than one. This was considered to be due to the very cautious assumptions at Tier 1, so the
assessment proceeded to Tier 2.
For the Tier 2 assessment, a number of additional factors were taken into consideration in the
calculations using the ERICA tool:
•

Distribution coefficients – default values were used to relate equilibrium activity
concentrations in sediments with those in water.

7

The non-human biota assessment will undergo an annual review to determine whether it needs to
be updated. A justification will be made and recorded whether or not an update is required. This
review might be part of the Annual Performance Review.
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•

Equilibrium concentration ratios – these factors are used by the tool to calculate whole
body activity concentrations. The ERICA database contains a full set of concentration
ratios for each reference organism, and these were used for the assessment.

•

Occupancy factors – these are used to describe an individual reference organisms
relative residence time across a number of environments. For aquatic environments,
available options include water surface, in the water column, at the sediment surface, and
in the sediment. For terrestrial environments, the options are on-soil, in-soil and in-air.
Default values in the ERICA database were used.

The modelling inputs for both Tiers of assessment are further described below.
5.5.2

Modelling Inputs
a) Model Assumptions
To model the risk to organisms in the terrestrial environment, at both Tier 1 and Tier 2, it was
assumed the organisms are exposed to wastes with no dilution by mixing with clean capping
materials or surface soils. Radionuclide concentrations in the wastes were calculated using the
GoldSim model (for the groundwater pathway) and input into the ERICA tool.
To model the risk to organisms in freshwater and marine environments, at both Tier 1 and Tier 2,
radionuclide concentrations in groundwater discharges to the foreshore calculated using the
GoldSim model for the groundwater pathway, were input into the ERICA tool. This was considered
to be a very cautious approach as it effectively modelled direct exposure of the reference
organisms to groundwater discharges without dilution:
•

For the freshwater environment, dilution would include mixing of the relatively small
seepage volumes with a much larger volume of freshwater in the River Calder.

•

For the marine environment, the leachate / groundwater seepage would rapidly be diluted
by seawater in the Irish Sea. The dilution factor for the marine environment will be
considerably greater than for the freshwater environment.

b) Radionuclide Activities
The radionuclide inventory used in the GoldSim model is described in Table 5. This assumes that
future disposals have an activity of 37 Bq/g alpha + beta. Radionuclide activities in the waste and
groundwater seeps were output 8 at 90 y and 300 y for input to the ERICA tool (Table 22).
The ERICA tool has underlying databases predefined with necessary data used to calculate doses
for 71 different isotopes. Eight of the 36 isotopes output from GoldSim are not available for default
modelling within ERICA and were thus omitted. The omitted isotopes account for varying amounts
of the total predicted activity: less than 2E-08 % for beach seepage; and between 1.7 % and 4.4 %
for the waste. Almost all the omitted activity is associated with U-233 and U-236. The potential
impact of these omitted radionuclides is considered by reference to the results for other isotopes of
uranium, noting that their decay energies are similar (Thorne et al., 2012).

8

As noted in Section 4.4.1, these times correspond to the end of the period of institutional control,
and when the site starts to be eroded, in the NES.

CLESA PCRSA Review Report
December 2017
Page 74

Table 22. NES, Reference Case, ERICA Inputs – Radionuclides and Activity Concentrations
Isotope
*Ac227
Am241
*Am242m
C14
Cl36
Cm242
Cm244
Co60
Cs137
H3
I129
*Nb93m
Ni63
Np237
Pa231
Pb210
Po210
Pu238
Pu239
Pu240
Pu241
*Pu242
Ra226
Ra228
Sr90
Tc99
Th228
*Th229
Th230
Th232
*U233
U234
U235
*U236
U238
*Zr93

Concentration in Waste (Bq/kg)
90 Years
300 Years
2.53E-02
1.12E-01
2.30E+02
1.64E+02
4.11E-03
1.46E-03
1.27E+01
3.94E+00
5.99E+00
2.03E-01
3.41E-03
1.21E-03
9.49E-02
3.04E-05
2.40E-03
2.84E-16
1.45E+03
1.17E+01
7.50E-02
3.12E-16
4.10E+00
1.39E-01
5.18E-11
6.22E-15
5.49E+00
8.00E-01
8.67E+00
7.70E+00
3.78E-02
1.25E-01
1.44E+01
1.01E+01
1.44E+01
1.01E+01
5.52E+01
1.05E+01
1.83E+02
1.81E+02
8.17E+01
7.97E+01
4.04E+01
1.59E-03
2.01E-01
2.01E-01
1.48E+01
9.22E+00
6.88E-01
6.77E-01
2.41E+02
1.21E+00
1.76E+02
1.60E+02
6.88E-01
6.77E-01
1.59E-01
5.11E-01
1.37E+00
1.88E+00
6.94E-01
6.92E-01
1.81E+01
1.81E+01
2.73E+02
2.72E+02
1.99E+01
1.99E+01
3.52E+01
3.52E+01
2.33E+02
2.33E+02
7.34E-03
7.31E-03

Concentration in Beach Seeps (Bq/l)
90 Years
300 Years
0.00E+00
2.24E-27
3.61E-25
3.95E-18
2.00E-30
3.67E-23
3.34E-05
1.75E+00
9.02E-02
4.62E+00
0.00E+00
1.20E-23
0.00E+00
5.31E-29
3.48E-27
0.00E+00
0.00E+00
0.00E+00
3.68E+00
1.03E-11
6.17E-02
3.16E+00
0.00E+00
0.00E+00
2.80E-09
7.79E-04
6.10E-09
4.66E-03
0.00E+00
1.35E-29
1.10E-26
3.54E-20
2.17E-26
6.66E-20
4.03E-26
1.05E-19
1.34E-25
1.82E-18
5.97E-26
8.01E-19
2.93E-26
1.59E-23
1.47E-28
2.02E-21
2.43E-28
3.07E-21
0.00E+00
0.00E+00
8.50E-14
4.18E-09
1.79E+00
1.24E+01
0.00E+00
0.00E+00
1.68E-19
1.91E-12
0.00E+00
2.15E-28
0.00E+00
1.21E-32
1.16E-15
3.52E-09
4.13E-31
4.25E-24
7.09E-33
1.11E-25
1.66E-32
3.58E-25
7.90E-32
1.14E-24
6.30E-34
1.64E-26

*Isotope not present in ERICA databases for default modelling
c) Organisms
The ERICA tool has underlying databases containing peer reviewed data related to various
organisms to determine radiological dose. The organisms selected for modelling for each of the
three ecosystems are presented in Table 12. They are selected to reproduce those used for
assessment of the LLWR (LLWR, 2011e). It is noted that the LLWR assessment used an earlier
version of ERICA and subsequent development has resulted in certain organisms being
regrouped/named added or dropped from available selections.
d) Screening Values
Screening values of 40 µGy/hr for terrestrial animals and 400 µGy/hr for terrestrial plants were
adopted for modelling. For aquatic species a value of 40 µGy/hr is applied to mammals, reptiles,
amphibians and birds or 400 µGy/hr for all other species.
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These values are derived from the IAEA (1992) and UNSCEAR (1996) reports and are considered
benchmarks below which populations are unlikely to be significantly harmed based on reviews of
the scientific literature. These also correspond to the US DoE dose limit of 10 mGy/d (~400 µGy/hr)
for native aquatic animals and benchmarks of 400 and 40 µGy/hr for terrestrial plants and terrestrial
animals, respectively, as used in the US DoE’s graded approach (US DoE, 2002).
e) Other Inputs
Other inputs including occupancy factors, distribution coefficients, concentration ratios, and
radiological weighting factors were all set to default library values.
5.6

Earlier than expected Cap Failure
The cap is assumed to degrade over a 100 years period, so the cap is nearly fully degraded at the
end of the period of institutional control. It is assumed that following the end of institutional control,
all the water that infiltrates the cap discharges to the south-west and north-west sections of the cap
perimeter. Leachate infiltrates into the ground over a zone around the cap perimeter. The ground is
boggy and radionuclides are present in the water and sorbed onto the soil. The soil is assumed to
have the same properties of the drift geology. The zone is assumed to be only 10 m wide and
0.3 m deep, so radionuclides are concentrated into a relatively small area.
However, closure engineering will be designed to minimise the risk of earlier than expected cap
failure and bathtubbing is not expected to occur (Section 4.3).
The recreational user of the coast considered in the coastal erosion calculation cases is assumed
to spend time on this contaminated ground, for example there may be a coastal path around the
base of the cap, although this is a cautious situation as the ground is likely to be boggy. It is
assumed the time spent in these areas is the same as the time spent clambering on the cliffs for
assessment of the impacts of coastal erosion, i.e. 5 hr/y. Doses occur due to external irradiation,
inadvertent ingestion and inhalation.
Contamination of the cap perimeter soils could also result in doses to non-human biota. Calculated
total radionuclide concentrations in the cap perimeter soils (in soil porewaters and sorbed onto soil
minerals) were input into the ERICA tool to calculate the risk to terrestrial organisms in and on the
cap perimeter soils, using the approach described in Section 5.5.
For the earlier than expected cap failure scenario, radionuclide concentrations in the cap perimeter
soils increase following the onset of bathtubbing. Peak concentrations are achieved at different
times for different radionuclides, depending on their half-life and sorption behaviour. So for this
scenario, bathtubbing was assumed to start at 2120 (90 y), and environmental radionuclide
concentrations calculated using GoldSim were output at 100 y and 300 y for input to the ERICA
tool (Table 23). For this scenario, the omitted isotopes account for 0.03% and 0.2% of the total
activity, at 100 y and 300 y respectively. These fractions are smaller than for the NES Reference
Case.
Table 23. AES - Earlier than Expected Cap Failure, Reference Case, ERICA Inputs –
Radionuclides and Activity Concentrations
Isotope
*Ac227
Am241
*Am242m
C14
Cl36
Cm242
Cm244
Co60
Cs137
H3
I129

Cap Perimeter Soil Concentration (Bq/kg)
100 Years
300 Years
7.25E-04
8.71E-02
6.11E+00
6.01E+01
1.06E-04
5.33E-04
1.03E+01
3.32E+00
5.17E+00
1.91E-01
8.66E-05
4.45E-04
1.43E-03
1.56E-05
6.04E-03
7.96E-14
8.05E+00
2.71E+00
4.23E-02
5.48E-16
3.54E+00
1.31E-01
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Isotope
*Nb93m
Ni63
Np237
Pa231
Pb210
Po210
Pu238
Pu239
Pu240
Pu241
*Pu242
Ra226
Ra228
Sr90
Tc99
Th228
*Th229
Th230
Th232
*U233
U234
U235
*U236
U238
*Zr93

Cap Perimeter Soil Concentration (Bq/kg)
7.21E-13
1.51E-15
3.83E+00
6.50E-01
1.42E+00
1.31E+00
1.49E-03
1.14E-01
3.82E+00
3.04E+02
3.53E+00
2.99E+02
5.51E-01
1.54E+00
1.97E+00
2.66E+01
8.81E-01
1.17E+01
2.69E-01
2.32E-04
2.17E-03
2.94E-02
2.64E+01
4.52E+02
7.31E-01
2.65E+00
1.52E+02
2.02E+00
2.15E+00
1.96E+00
5.85E-01
2.62E+00
1.71E-03
1.32E-01
1.40E-02
5.86E-01
7.03E-03
2.39E-01
2.52E-02
6.63E-01
3.78E-01
9.96E+00
2.76E-02
7.26E-01
4.88E-02
1.29E+00
3.23E-01
8.51E+00
1.62E-04
3.75E-03

*Isotope not present in ERICA databases for default modelling
5.7

Riverine Erosion
It is possible that riverine erosion could undercut the north side of the CLESA site, resulting in
slumping and exposure of the wastes. The wastes would be exposed in a steep bank several
metres above the elevation of the river. The steep bank would extend down to river and slumped
material would be present on the bank (Figure 21).

Figure 21. Illustration of the riverine erosion scenario
Section 5.3 discusses the potential occupancy of the coastline adjacent to CLESA. It cautiously
considers the possibility that there may be some preferential occupancy of this area, for example
for angling activities. It is cautiously assumed that a recreational user of the coast could spend
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50 hr/y adjacent to the site. 5 hr/y is spent clambering on the cliffs, and therefore on the wastes
exposed in the cliffs and slumped wastes.
For the riverine erosion scenario, it is cautiously assumed that a person spends 50 hr/y standing on
the slumped wastes, adjacent to the river, fishing. This is particularly cautious as the steep bank
would hinder access compared with access to the coastline adjacent to the site.
Also consistent with the coastal erosion case:
•

cautiously there is assumed to be no dilution of the slumped wastes by clean materials from
the cap and slumped geological materials from below the wastes; and

•

cautiously assuming the person simultaneously receives doses from the slumped materials and
exposed wastes, treating each source as a semi-infinite slab and adopting a distance of 1 m
from the source.

Potential doses are calculated by scaling the assessment model results for the coastal erosion
case. The doses calculated for the coastal erosion case are scaled by a factor of ten because the
person is assumed to spend 50 hr/y on the wastes and slumped materials rather than 5 hr/y. This
is a very cautious approach because the doses calculated for the coastal erosion case also include
doses from spending 45 hr/y exposed to eroded waste material on the beach and inter-tidal zone.
These additional doses are also scaled by a factor of ten.
In the riverine erosion scenario, exposure to the wastes is assumed to occur at 200 y post-2030,
while exposure to the wastes is assumed to occur at 300 y post-2030 for the coastal erosion case.
The coastal erosion case results are corrected to account for 100 y less time for radioactive decay.
The riverine erosion scenario is considered to be a less likely scenario than the NES, and many
cautious assumptions have been included in the assessment calculations. Therefore the
assessment results are compared against a dose guidance level of 3 mSv, noting that a person
might be exposed through fishing (or other recreational activities) for a prolonged period.
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6.

ASSESSMENT RESULTS

6.1

NES

6.1.1

Reference Case – Groundwater
The results due to drinking foreshore seeps are dominated by I-129, with Cl-36 and Tc-99 being of
secondary importance (Figure 22).
-1

The calculated peak risk is 6.5E-8 y , so well below the risk guidance level. This is, however,
-1
considerably higher than the peak risk from the original PCRSA of ~2E-9 y .
The major difference is the assumption that all radionuclides from CLESA discharge to the
foreshore seeps. The sensitivity calculations undertaken by Nexia (2006) indicate this may account
for approximately an order of magnitude increase.
Other secondary factors include an increase in the inventory of I-129; and excluding decay, and
leaching and discharge of radionuclides during the operational phase:
•

The concentration of I-129 in the 2Y57 fingerprint is approximately a factor of two higher
than in the PCRSA fingerprint. If the future disposals were consistent with the 2Y57
fingerprint, the risks would be a factor of ~3 greater than shown in Figure 22.

•

Decay during the operational phase is not important for I-129, but leaching potentially is.
The impacts of leaching depend on the length of the operational phase and how long
disposals with different fingerprints are leached for. To provide an indication of the potential
effects, the model was re-run, but with operational leaching included for 13 years
(approximately half the operational time) and an infiltration rate of 719 mm y -1 (to give the
middle of the range of observed operational discharges). The calculated peak risk
decreased to 3.3E-8 y-1, so ignoring the operational phase has a notable, but not major,
effect on the peak risks.

Figure 22. Risks from drinking beach seeps
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The calculations cautiously assume there is no decay or leaching in the operational phase, and the
cap initially has an infiltration rate of 32 mm/y. The initial cap performance would likely be less than
32 mm/y, which would result in lower calculated risks.
6.1.2

Reference Case – Gas
The CLESA inventory could lead to generation of Rn-222, and gases radiolabelled with H-3 and
C-14, in particular tritiated water vapour and C-14 labelled methane or carbon dioxide.

6.1.3

H-3
The half-life of H-3 is 12.3 y, so it will have undergone over seven half-lives of decay during the
period of institutional control. The inventory will have decreased by over a factor of ~130 through
decay, plus additional losses in gas and groundwater, and will not be significant; even though the
actual disposals of H-3 have been greater than assumed in the PCRSA fingerprint.
This is consistent with arguments made in the original PCRSA (Nexia, 2006) and for the LLWR
which has a much larger H-3 inventory (LLWR, 2011c).

6.1.4

C-14
The key route for exposure to C-14 gas is via foodstuffs, and it is possible a site occupant could
have an allotment / smallholding.
C-14 can be incorporated in CO2 or CH4 gas through microbial processes or released as CH4 gas
when it is present as an activation product in metals (Sumerling, 2013c). In the actual disposals to
date, C-14 is mainly present in concrete, asbestos, calcium silicate and wood, although the
distribution between waste streams is significantly heterogeneous (Table 24). C-14 in wood could
be incorporated in gas as the wood is microbially degraded. However, wood only makes up a small
proportion of the total inventory, so only a small fraction of the total C-14 inventory has the potential
to be incorporated in gas.
Table 24. Distribution of C-14 within existing disposals contributing to the 2Y57 fingerprint
Project

Material

Mass (tonnes)

Activity (Bq/kg)

Calder Cooling Tower

Crushed concrete

1.40E+03

0.00E+00

Material ex slab

Crushed concrete

2.75E+03

4.12E-03

Evaporator

Crushed concrete

1.05E+03

2.89E-03

Brick/concrete

8.55E+01

1.02E+02

Recovery Plant

Concrete

1.24E+02

1.24E+01

Recovery Plant

Soil and stone

3.15E+01

9.71E+00

Header Duct

Wooden scaffold

Wood

1.90E+02

1.49E+02

Substation

Concrete

5.40E+02

0.00E+00

Substation

Coke

1.00E+02

0.00E+00

Roof Timber

Wood

5.0E+01

5.06E+01

Pile 1 Chimney

Crushed concrete

3.74E+03

4.02E+00

Blower House

Asbestos

3.20E+01

1.08E+02

De-humidifiers

Calcium silicate

6.0E+00

4.60E+01

Reactor steamline lagging

Asbestos

1.38E+02

7.38E+00

Quill Falcon waste

Asbestos / garnet

1.31E+02

3.20E+00

HEx Bottom Ducts

Calcium silicate

6.30E+01

6.58E+01

HEx Top Ducts

Calcium silicate

9.80E+01

7.40E+00

Initial SMF Location Base
slab

Concrete

4.50E+02

1.32E+01

Initial SMF Location Duct
Covers

Concrete

1.50E+02

5.26E-01

Concrete / Brick and

2.37E+03

0.00E+00

North Group
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Project
Troughs and Bulges
Stack

Material
Timber

Mass (tonnes)

Activity (Bq/kg)

Concrete and Brick

1.35E+03

5.54E+00

Concrete

5.68E+02

7.60E-03

Based on the actual disposals to date, the final C-14 inventory in all materials would be 7 GBq.
This compares to inventories for LLWR of 0.78 TBq in Vault 8, 0.81 TBq in Vault 9 and 1.33 TBq in
Vault 10 (Sumerling, 2013c). The calculated doses from C-14 gas for these LLWR vaults are of the
order several micro-Sieverts, so the doses / risks from C-14 disposed to CLESA will be significantly
below the dose / risk guidance levels.
6.1.5

Radon Gas
The original PCRSA assumes a house is constructed on the cap, and a person is exposed to
Rn-222 while occupying the house. A similar assumption has been made for the LLWR 2011 ESC
(Limer and Thorne, 2011) and this conceptual model is still considered to be appropriate for
CLESA. The house is assumed to be built on the site at the end of the period of institutional control.
Although the occupants of the house may be exposed to Rn gas while indoors, doses outdoors will
be negligible due to atmospheric dispersion. Rn-222 has a short half-life, so the cap will have an
important role in attenuating releases of Rn-222, allowing it to decay within the site. Rn-222 will
also decay as it migrates vertically through the wastes, so releases of Rn-222 to the house will be
dominated by releases from the upper disposals.
The original PCRSA modelled generation of Rn-222 in the wastes and diffusion of Rn-222 through
the waste and cap into a house built on the cap. The radon also had to diffuse through the concrete
base slab of the house, and removal of radon from the house through ventilation and decay was
considered. The peak risk was 1.5E-7 y-1 immediately following the end of the period of institutional
control, so would primarily be associated with Ra-226 in the wastes. This is a dose of 2.5 µSv and
the initial concentration of Ra-226 in the wastes was 1.85E-8 TBq/m 3. A second lower peak occurs
after several tens of thousands of years and this will be due to ingrowth from uranium.
The assessment undertaken for the LLWR 2011 ESC (Limer and Thorne, 2011) was informed by
monitoring data related to releases of radon from the trench wastes and the present day local
ambient levels of radon, and relationships between radon concentrations in dwellings and radon
and radium concentrations in soil based on studies by the BGS and HPA.
Limer and Thorne (2011) note that the BGS and HPA data indicates the radon concentrations
found in buildings are typically a factor of six lower than those obtained using a method based on
radon ingress and the ventilation rate, i.e. the approach used in the original PCRSA. However, if
doses / risks had been calculated for the original CLESA PCRSA inventory of 1.85-8 TBq/m 3 using
the method of Limer and Thorne (2011) and based on the empirical data, the calculated doses /
risks would have been significantly higher, not lower.
For example, the LLWR trenches contain 6.18E-7 TBq/m 3 of Ra-226. Scaling the results of Limer
and Thorne for the trenches and assuming a 1 m thick cap comprising coarse materials, the dose
for CLESA would be 24 µSv to 51 µSv, depending on the emanation fraction from the waste. This
range cautiously ignores porosity effects which reduce the emanation fraction. The existing CLESA
3
disposals contain approximately 6.64E-8 TBq/m of Ra-226 which would give a dose of 87 µSv to
182 µSv.
The CLESA results are compared against the LLWR trenches results rather than the vaults
because the trench wastes are not containerised, and therefore the resistance to release of radon
from the wastes is more similar to that expected for CLESA than the containerised vault waste
form.
Limer and Thorne (2011) present the results of sensitivity analyses which show the flux of radon
into the house is sensitive to the thickness of the cap and the cap materials. These two factors
affect the time required for radon to diffuse through the cap into the house, and hence the time for
decay of radon. In the original PCRSA model, the diffusion distance through the wastes is taken to
be half the thickness of the wastes, i.e. 0.5 x 21 m = 10.5 m. This distance is not appropriate and is
the reason why the doses are low.
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With the LLWR cap’s resistive barrier of 0.5 m Bentonite Enhanced Soil (BES) intact, the flux of
radon into the house would be negligible. Limer and Thorne (2011) therefore argue that significant
doses to construction of a house on the cap would only occur if the cap resistive barrier is
penetrated by the building foundations. This should be treated as an intrusion event, and therefore
the calculated doses should be compared against the dose guidance level of 3 mSv.
The much lower dose per unit inventory calculated by Nexia (2006) for CLESA compared with the
approach used for the LLWR 2001 ESC is due to the treatment of diffusion in the existing CLESA
assessment model. This can be deduced from the results of the sensitivity analyses presented by
Limer and Thorne (2011). They suggest that the original PCRSA assessment calculations
overestimate the diffusive timescales, and hence overestimate the amount of decay compared with
the amount expected in reality.
Based on the arguments presented by Limer and Thorne (2011), it is proposed that this case
should be treated as an intrusion event since construction of a house will inevitably result in some
degree of intrusion into the cap to construct foundations and to lay below ground services.
Therefore the calculated doses should be compared against the dose guidance level of 3 mSv. In
addition the calculation approach of Limer and Thorne (2011) should be adopted.
Limer and Thorne (2011) present results assuming a 1 m thick cap comprising coarse materials. If
the foundations of the house intrude into the cap the thickness will be reduced. The attenuation
factor for 1 m of coarse materials is 0.5, so for simplicity we ignore this and assume the
foundations are in direct contact with the wastes. We also use an emanation fraction from the
waste of 0.15, which is the value Limer and Thorne (2011) assumed for the trenches.
Consequently the actual dose due to occupancy of a house built on CLESA is estimated to be in
the range 0.1 mSv (PCRSA fingerprint) to 0.36 mSv (actual disposals) compared with a dose
guidance level of 3 mSv.
It is noted that similar to the LLWR 2011 ESC, these calculations include the presence of naturally
occurring background Ra-226 in the wastes but ignore its presence in the capping materials and
other sources. For example, Limer and Thorne (2011) cite UNSCEAR (2000) who give a worldwide
arithmetic mean radon concentration in houses of 39 Bq/m 3. A concentration of 39 Bq/m 3 would
give a dose of 1 mSv. So a significant proportion of the radon doses from CLESA wastes are
expected to be due to naturally occurring Ra-226 in the wastes.
This expectation is supported by data for the local soils. BNFL (2004) reports the background
activity of Ra-226 in the local soils as 9E-3 to 2.5E-2 Bq/g. This compares to Ra-226
concentrations of 1.16E-2 Bq/g in the PCRSA fingerprint (Table 1) and 4.91E-2 Bq/g in the 2Y57
fingerprint (Table 2). So, background Ra-226 is expected to contribute a significant proportion of
the disposed activity.
The original PCRSA results show that production of radon from uranium will not be significant
because CLESA is likely to be disrupted by coastal erosion before there is time for significant
ingrowth of Ra-226.
6.1.6

Reference Case – Coastal Erosion
Calculated peak risk due to coastal erosion is 1.1E-8 y -1, approximately 2 orders of magnitude
below the risk guideline (Figure 23). The risks are dominated by Ra-226 and other actinides,
although Cs-137 would be more significant in the event of earlier erosion. The largest contributor to
dose is the time spent clambering on the cliffs, but this aspect of the model is parameterized quite
cautiously, assuming simultaneous external irradiation from wastes exposed in the cliffs, and
slumped material at the base of the cliffs, both at a distance of 1 m.
The risks from long-lived radionuclides, and their daughters in secular equilibrium, are constant
with time while the site is being eroded, but then decrease once erosion is complete and the
residual wastes are gradually transported away from the beach and foreshore to offshore sediment
sinks. Doses from Cs-137 decrease during the period of erosion due to decay.
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Figure 23. Risks to a recreational user of the coast during erosion of the site. Risks from
radionuclides and ingrown daughters (in the form daughter_parent) are shown.

6.1.7

Reference Case – Particles Released by Coastal Erosion
The assessment of risks due to more active particles released during erosion of the site only
considered risks due to inadvertent ingestion, since Sumerling (2013) showed this pathway to
dominate. Calculated risks are low (Figure 24) and are dominated by the actinides. The highest
frequency of encounter is for Cs-137, and is 0.01 particles per year. It was assumed the particles
are derived from hotspots or contaminated surfaces containing a single radionuclide with activities
up to 40,000 Bq/g, so it is concluded that significant heterogeneity in the wastes would not lead to
significant risks due to particles released during erosion of the site.
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Figure 24. Risks to a recreational user of the coast from particles during erosion of the site.
Total risks from radionuclides and their ingrown daughters are shown.

6.1.8

Reference Case – Blocks Exposed by Coastal Erosion
a) Casual Inspection of Blocks
Two cases were assessed: 0.6 m radius blocks with a surface activity of 40,000 Bq/g, and cuboidal
blocks with a surface activity of 30,000 Bq/g on one face. In each case all the activity was assumed
to be due to a single radionuclide. The highest calculated doses were due to the first case. An
additional calculation showed that even if the cuboidal blocks had a surface activity of 40,000 Bq/g,
the doses would be lower than for the 0.6 m radius blocks.
The results for the 0.6 m radius blocks are shown in Figure 25 and Figure 26. The highest beta
doses are due to I-129 and Cl-36, but these are unrealistic because these radionuclides are highly
soluble, so surface contamination of such high activity is unlikely to form, as it would be rapidly
dissolved in the site or during erosion. The highest plausible dose is 0.5 μSv from Pu-241. Doses
due to alpha radionuclides are much higher, with the peak dose being 465 μSv due to Th-232 and
its daughters. To reduce the dose to 20 μSv, the concentration of Th-232 would have to be reduced
from 40,000 Bq/g to 1,720 Bq/g.
In these calculations all the activity is assumed to be due to a single radionuclide. In real wastes
the activity would likely be associated with a number of radionuclides. These assessment results
can be used to derive activity limits that would ensure doses remain below 20 μSv for any
combination of radionuclides.
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Figure 25. Risks to a recreational user of the coast from 0.6 m diameter surface contaminated
blocks of waste during erosion of the site, beta / gamma radionuclides

Figure 26. Risks to a recreational user of the coast from 0.6 m diameter surface contaminated
blocks of waste during erosion of the site, alpha radionuclides. Total doses from radionuclides
and their ingrown daughters are shown.
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b) Accumulation of Blocks on the Storm Beach
The objective of this calculation is to explore whether sorting processes could lead to average
radionuclide concentrations on the storm beach exceeding the concentration of the bulk waste, and
therefore result in higher doses/risks than the bulk wastes. An extreme assumption is that all the
activity disposed to CLESA is present as surface contamination on bricks / blocks. There is no
activity associated with soil / spoil. All the bricks / blocks are assumed to be surface contaminated
on one face, with 40,000 Bq/g beta/gamma or 1,700 Bq/g alpha. The bulk average activity in a pile
comprising of 65% of these bricks / blocks, and 35% clean materials is calculated.
Table 25 shows the activity that would be associated with surface contaminated bricks and blocks
of different sizes. Table 26 shows the average activity of a pile containing 65% of these bricks /
blocks. Surface contaminated bricks and small blocks could be sorted to form a pile with >200 Bq/g
beta/gamma. Slightly larger blocks could be sorted to form a pile with >37 Bq/g beta /gamma, but
less than 200 Bq/g beta/gamma. Bricks and blocks could not be sorted to form a pile with >18.5
Bq/g alpha.
Surface activity levels may need to be limited to prevent these sorting processes resulting in
average radionuclide concentrations on the storm beach exceeding the concentration of the bulk
waste. The surface activity limits that would have to be applied depend on the proposed future bulk
activity limits.
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Table 25. Average activity of surface contaminated bricks and blocks of different sizes
Beta/Gamma

Alpha

Brick

Block1

Block2

Block3

Block4

Brick

Block1

Block2

Block3

Block4

Length

m

0.23

0.2

0.2

0.3

0.3

0.23

0.2

0.2

0.3

0.3

Width

m

0.11

0.2

0.2

0.3

0.3

0.11

0.2

0.2

0.3

0.3

Height

m

0.076

0.1

0.2

0.15

0.3

0.076

0.1

0.2

0.15

0.3

Density

kg/m

1800

2400

2400

2400

2400

1800

2400

2400

2400

2400

Thickness of contamination

m

1.00E-03

1.00E-03

1.00E-03

1.00E-03

1.00E-03

1.00E-03

1.00E-03

1.00E-03

1.00E-03

1.00E-03

Volume

m3

1.92E-03

4.00E-03

8.00E-03

1.35E-02

2.70E-02

1.92E-03

4.00E-03

8.00E-03

1.35E-02

2.70E-02

Contaminated surface area

m2

1.75E-02

4.00E-02

4.00E-02

9.00E-02

9.00E-02

1.75E-02

4.00E-02

4.00E-02

9.00E-02

9.00E-02

Contaminated volume

m3

1.75E-05

4.00E-05

4.00E-05

9.00E-05

9.00E-05

1.75E-05

4.00E-05

4.00E-05

9.00E-05

9.00E-05

Surface activity

Bq/g

40000

40000

40000

40000

40000

1700

1700

1700

1700

1700

Mass of block

kg

3.46E+00

9.60E+00

1.92E+01

3.24E+01

6.48E+01

3.46E+00

9.60E+00

1.92E+01

3.24E+01

6.48E+01

Mass of contamination

kg

3.15E-02

9.60E-02

9.60E-02

2.16E-01

2.16E-01

3.15E-02

9.60E-02

9.60E-02

2.16E-01

2.16E-01

Inventory

Bq

1.26E+06

3.84E+06

3.84E+06

8.64E+06

8.64E+06

5.35E+04

1.63E+05

1.63E+05

3.67E+05

3.67E+05

Block activity

Bq/g

363.6

400

200

266.7

133.3

15.5

17.0

8.5

11.3

5.7

3
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Table 26. Average activity in a pile of ‘random close packed’ bricks / blocks. Average activities in the range 37 Bq/g to 200 Bq/g, and >200 Bq/g, are
highlighted pink and yellow respectively.
Beta/gamma
3

Alpha

Brick

Block1

Block2

Block3

Block4

Brick

Block1

Block2

Block3

Block4

Unit volume of pile

m

1

1

1

1

1

1

1

1

1

1

% Blocks/bricks

%

65

65

65

65

65

65

65

65

65

65

Max volume bricks / blocks

m

0.65

0.65

0.65

0.65

0.65

0.65

0.65

0.65

0.65

0.65

Number bricks / blocks

-

3

338

162

81

48

24

338

162

81

48

24

Volume bricks / blocks from number

3

m

6.50E-01

6.48E-01

6.48E-01

6.48E-01

6.48E-01

6.50E-01

6.48E-01

6.48E-01

6.48E-01

6.48E-01

Activity on bricks / blocks

Bq

4.25E+08

6.22E+08

3.11E+08

4.15E+08

2.07E+08

1.81E+07

2.64E+07

1.32E+07

1.76E+07

8.81E+06

Mass bricks / blocks

kg

1.17E+03

1.56E+03

1.56E+03

1.56E+03

1.56E+03

1.17E+03

1.56E+03

1.56E+03

1.56E+03

1.56E+03

3.50E-01

3.52E-01

3.52E-01

3.52E-01

3.52E-01

3.50E-01

3.52E-01

3.52E-01

3.52E-01

3.52E-01

1600

1600

1600

1600

1600

1600

1600

1600

1600

1600

Volume of soil

3

m

3

Density soil

kg/m

Mass soil

kg

5.60E+02

5.63E+02

5.63E+02

5.63E+02

5.63E+02

5.60E+02

5.63E+02

5.63E+02

5.63E+02

5.63E+02

Total mass

kg

1.73E+03

2.12E+03

2.12E+03

2.12E+03

2.12E+03

1.73E+03

2.12E+03

2.12E+03

2.12E+03

2.12E+03

Total mass

g

1.73E+06

2.12E+06

2.12E+06

2.12E+06

2.12E+06

1.73E+06

2.12E+06

2.12E+06

2.12E+06

2.12E+06

Average activity

Bq/g

245.9

293.7

146.8

195.8

97.9

10.5

12.5

6.2

8.3

4.2
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6.1.9

Reference Case – Ecological Receptors
Doses to organisms in Terrestrial, Freshwater and Marine Environments were calculated at 90 y
and 300 y (Section 5.5).
Tier 2 modelling results are presented in Table 27 and Table 28 below. The calculated dose to
each organism is compared to the screening value and the ratio of dose to screening value is the
Tier 2 risk quotient. Risk quotients calculated at above a value of one indicate potentially
unacceptable impacts, which are highlighted in the following tables.
The models assumed an input waste activity for the remaining void equal to a limit of 37 Bq/g and
the calculated doses are based on these inputs. To assess the impact of raising the limit to
200 Bq/g, a linear relationship is assumed between activity and dose and the doses have been
9
inflated by a factor of 5.4 to account for this in the results presented in Table 27 and Table 28.

Marine

Freshwater

Terrestrial

Table 27. NES, Reference Case, Ecological Impacts – Year 90 modelling results

9

Organism
Amphibian
Bird
Arthropod - detritivorous
Flying insects
Mollusc - gastropod
Grasses & Herbs
Lichen & Bryophytes
Shrub
Annelid
Mammal - large
Mammal - smallburrowing
Reptile
Amphibian
Benthic fish
Bird
Crustacean
Insect larvae
Mammal
Mollusc - bivalve
Mollusc - gastropod
Pelagic fish
Phytoplankton
Vascular plant
Zooplankton
Crustacean
Macroalgae
Mollusc - bivalve
Sea anemones & True
coral

Total Dose
Rate per
Organism
µGy/hr
2.59E+00
1.37E+00
1.91E+00
1.64E+00
3.27E+00
4.19E+00
2.54E+01
3.51E+00
2.83E+00
3.19E+00

Screening
Value
µGy/hr
40
40
40
40
40
400
400
400
40
40

2.67E+00

40

6.69E-02

3.61E-01

2.05E+00
2.95E-02
6.18E-02
2.86E-02
8.87E-02
1.55E-01
2.96E-02
7.74E-02
8.51E-02
2.95E-02
5.18E-03
7.29E-02
1.83E-02
1.80E+00
5.51E+00
8.79E-01

40
40
400
40
400
400
40
400
400
400
400
400
400
400
400
400

5.12E-02
7.37E-04
1.55E-04
7.16E-04
2.22E-04
3.88E-04
7.40E-04
1.93E-04
2.13E-04
7.38E-05
1.30E-05
1.82E-04
4.58E-05
4.49E-03
1.38E-02
2.20E-03

2.77E-01
3.98E-03
8.35E-04
3.87E-03
1.20E-03
2.10E-03
4.00E-03
1.05E-03
1.15E-03
3.99E-04
7.00E-05
9.85E-04
2.48E-04
2.43E-02
7.44E-02
1.19E-02

1.79E+00

400

4.48E-03

2.42E-02

Risk Quotient
37 Bq/g Limit
200 Bq/g Limit
6.48E-02
3.50E-01
3.43E-02
1.86E-01
4.78E-02
2.59E-01
4.09E-02
2.21E-01
8.18E-02
4.42E-01
1.05E-02
5.66E-02
6.34E-02
3.43E-01
8.76E-03
4.74E-02
7.07E-02
3.82E-01
7.99E-02
4.32E-01

200 Bq/g ÷ 37 Bq/g = 5.405
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Table 28. NES, Reference Case, Ecological Impacts – Year 300 modelling results
Total Dose
Rate per
Organism
µGy/hr
1.18E+00
4.21E-01
1.02E+00
1.01E+00
2.43E+00
3.04E+00
2.08E+01
2.24E+00
1.80E+00
6.93E-01

Marine

Freshwater

Terrestrial

Organism
Amphibian
Bird
Arthropod - detritivorous
Flying insects
Mollusc - gastropod
Grasses & Herbs
Lichen & Bryophytes
Shrub
Annelid
Mammal - large
Mammal - small6.96E-01
burrowing
Reptile
8.85E-01
Amphibian
1.01E+01
Benthic fish
1.20E+01
Bird
1.03E+01
Crustacean
1.31E+01
Insect larvae
1.65E+01
Mammal
1.04E+01
Mollusc - bivalve
1.26E+01
Mollusc - gastropod
1.30E+01
Pelagic fish
1.04E+01
Phytoplankton
3.12E-01
Vascular plant
4.02E+00
Zooplankton
9.24E+00
Crustacean
1.25E+01
Macroalgae
3.88E+01
Mollusc - bivalve
7.32E+00
Sea anemones & True
1.37E+01
coral
* Risk Quotients above 1.0 are highlighted in blue.

Screening
Value
µGy/hr
40
40
40
40
40
400
400
400
40
40

Risk Quotient
37 Bq/g Limit
200 Bq/g Limit
2.94E-02
1.59E-01
1.05E-02
5.69E-02
2.55E-02
1.38E-01
2.53E-02
1.37E-01
6.08E-02
3.29E-01
7.59E-03
4.10E-02
5.20E-02
2.81E-01
5.60E-03
3.03E-02
4.50E-02
2.43E-01
1.73E-02
9.37E-02

40

1.74E-02

9.41E-02

40
40
400
40
400
400
40
400
400
400
400
400
400
400
400
400

2.21E-02
2.51E-01
3.01E-02
2.58E-01
3.28E-02
4.13E-02
2.60E-01
3.14E-02
3.24E-02
2.59E-02
7.81E-04
1.00E-02
2.31E-02
3.13E-02
9.71E-02
1.83E-02

1.20E-01
1.36E+00
1.63E-01
1.40E+00
1.78E-01
2.23E-01
1.40E+00
1.70E-01
1.75E-01
1.40E-01
4.22E-03
5.43E-02
1.25E-01
1.69E-01
5.25E-01
9.89E-02

400

3.42E-02

1.85E-01

Assuming future deposited wastes are consistent with the PCRSA fingerprint, which contains 37
Bq/g alpha + beta, there are no risk quotients above the target of 1.0, with the maximum being 0.26
for a freshwater organism at 300 years. The terrestrial risk quotients are typically lower at 300 y
than at 90 y due to decay. The freshwater and marine risk quotients are typically higher at 300 y
than at 90 y due to the time required for radionuclides to migrate to the biosphere via the
groundwater pathway.
As noted in Section 5.5.2, some isotopes are missing from the ERICA database. These are
dominated by U-233 and U-236. The missing activity at 90 y and 300 y is 5.3E-2 Bq/g. The total
activity of U-234, U-235 and U-238 is 5.3E-1 Bq/g. To confirm the missing isotopes are not
significant, 5.3E-2 Bq/g was added to the activities of each of U-234, U-235 and U-238, i.e. three
times the omitted activity. This did not increase the risk quotients significantly: the sum of all the
risk quotients increased by no more than 3.7%, depending on the ecosystem considered.
Therefore, the missing isotopes are not significant.
Even with the very cautious assumptions made regarding the environmental radionuclide
concentrations for the Freshwater and Marine cases the overall risk to modelled organisms from
the deposited radiological waste is considered acceptable.
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Factoring up the risk to account for an increased waste activity limit of 200 Bq/g, again the majority
of risk quotients are below the target of 1.0. There are, however, three exceedances of this target
in freshwater at 300 years.
To examine this potential issue further, the dilution factor of the River Calder is determined. The
10
3
mean flow rate of the River Calder is 1.885 m /s. Averaging over a year is considered acceptable
given exposure will also be averaged over a year or longer for organism lifespans. GoldSim
modelling predicts the beach seepage containing dissolved radionuclides sourced from CLESA is
3
6E-5 m /sec. A typical freshwater dilution factor of 31,400 (1.885 ÷ 6E-5) can therefore be applied
to the results obtained from the initial results of the Tier 2 assessment. Applying this factor gives a
maximum risk quotient of 0.00004, greater than four orders of magnitude below the target.
Overall, the calculated ecological impacts to organisms from radiological waste deposited at the
CLESA landfill is considered acceptable irrespective of future wastes being disposed with activity
concentrations equal to the existing 37 Bq/g limit or an increased activity limit of 200 Bq/g.
6.1.10

Variant Case 1 – Well
Similar to the beach seeps, risks due to a well are dominated by I-129, with Tc-99 being of
secondary importance. The calculated peak risk is 2.0E-7 y -1 assuming the probability of a well
being drilled and utilised for drinking water within an area that intersects the groundwater plume,
before the site is disrupted by coastal evolution is 0.01. This is likely to be a cautious probability.
Similar to the risks due to foreshore seeps, the risks are likely cautious because leaching and
discharge of I-129 during the operational phase has been neglected.
I-129 and Tc-99 are not important for well risks in the original PCRSA. This is because the cap is
not represented in the assessment model, so I-129, Tc-99 and other mobile radionuclides are
leached from the site and discharge at the coast before the end of the period of institutional control.
Therefore, in the original PCRSA, these radionuclides migrate through the groundwater system
before the time when a drinking water well could be drilled. Consequently neglecting the presence
of the cap is not cautious for these radionuclides because it leads to the subsequent risks being
underestimated.

10

http://nrfa.ceh.ac.uk/data/station/meanflow/74006 (accessed 12 August 2016)
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Figure 27. Risks from drinking well water, assuming a probability of there being a well of 0.01

6.2

AES – Human Intrusion

6.2.1

Reference Case
a) Borehole Intruder
The calculated peak dose due to a person drilling 5 site investigation boreholes into wastes with
the PCRSA fingerprint is 5 μSv (Figure 28). The highest doses occur immediately following the
period of institutional control, while Cs-137 still provides the largest contribution to dose.
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Figure 28. Doses from drilling 5 site investigation boreholes. Risks from radionuclides and
ingrown daughters (in the form daughter_parent) are shown.

b) Post-Construction Site Occupier
Similar to borehole intrusion, peak doses from post-construction site occupancy occur immediately
following the period of institutional control, while Cs-137 still provides the largest contribution to
dose (Figure 29). Ra-226 is the other key radionuclide, and doses from Ra-226 do not significantly
change over the period before the site is eroded. The calculated peak dose is 1.3 mSv.

Figure 29. Doses from post-construction occupancy of a contaminated site. Risks from
radionuclides and ingrown daughters (in the form daughter_parent) are shown.
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c) Smallholder
Peak doses from smallholding are similar to post-construction site occupancy (Figure 30) and the
key radionuclides are again Cs-137 and Ra-226. The calculated peak dose is 1.1 m Sv.

Figure 30. Doses from smallholding on a contaminated site. Risks from radionuclides and
ingrown daughters (in the form daughter_parent) are shown.

d) Particles Released by Human Intrusion
Potential doses from particles from post-construction site occupancy are lower than the potential
doses due to general contamination. The calculated peak dose is again from Cs-137, and is equal
to 294 μSv. This arises due to external contact with 6,500 Cs-137 particles per year, and
inadvertent ingestion of 3 Cs-137 particles per year.
It was assumed the particles are derived from hotspots or contaminated surfaces containing a
single radionuclide with activities up to 40,000 Bq/g, so it is concluded that significant heterogeneity
in the wastes would not lead to significant doses from exposure to particles released during
intrusion into the site.
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Figure 31. Potential doses from particles during post-construction occupancy of a
contaminated site. Total doses from radionuclides and their ingrown daughters are shown.

6.2.2

Variant Case 1 – 3 m thick cap
Increasing the thickness of the cap from 1 m to 3 m reduces doses from post-construction
occupancy of the site and smallholding by a factor of two. This occurs because concentration of
waste mixed with clean cap materials (and soil for the smallholder case) decreases by a factor of
two.

6.3

AES – Earlier than expected Cap Failure

6.3.1

Reference Case
Risks from early than expected cap failure are dominated by Ra-226, which is leached from the site
and then sorbs onto soils around the cap perimeter (Figure 32).
-1

The calculated peak risk before the site begins to erode is 6E-8 y . Concentrations of sorbed
radionuclides will be sensitive to assumptions regarding the width of the contaminated zone, and
the depth zone over which radionuclides sorb onto the soils.
The width of the zone was taken to be 10 m which is considered to be cautious, as it will tend to
concentrate radionuclides into a small area, while the depth of the top soils was taken to be 0.3 m
which is realistic.
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Figure 32. Risks to a recreational user of the coast during earlier than expected cap failure
and bathtubbing of the site. Risks from radionuclides and ingrown daughters (in the form
daughter_parent) are shown.

6.3.2

Ecological Receptors Assessment
Doses to organisms in the terrestrial environment were calculated at 100 y and 300 y (Section 5.6).
Tier 2 modelling results are presented in Table 29 and Table 30 below. The calculated dose to
each organism is compared to the screening value and the ratio of dose to screening value is the
Tier 2 risk quotient. Risk quotients calculated at above a value of one indicate potentially
unacceptable impacts, which are highlighted in the following tables.
The models assumed an input waste activity for the remaining void equal to a limit of 37 Bq/g and
the calculated doses are based on these inputs. To assess the impact of raising the limit to
200 Bq/g, a linear relationship is assumed between activity and dose and the doses have been
11
inflated by a factor of 5.4 to account for this in the results presented in Table 29 and Table 30.

11

200 Bq/g ÷ 37 Bq/g = 5.405
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Terrestrial

Table 29. Ecological impacts, following earlier than expected cap failure – Year 100 modelling
results

Organism
Amphibian
Bird
Arthropod - detritivorous
Flying insects
Mollusc - gastropod
Grasses & Herbs
Lichen & Bryophytes
Shrub
Annelid
Mammal - large
Mammal - smallburrowing
Reptile

Total Dose
Rate per
Organism
µGy/hr
7.47E-01
6.88E-01
3.56E-01
3.43E-01
3.80E-01
1.08E+00
3.68E+00
1.54E+00
3.62E-01
7.93E-01
7.97E-01

Screening
Value
µGy/hr
40
40
40
40
40
400
400
400
40
40

6.84E-01

40

40

Risk Quotient
37 Bq/g Limit
200 Bq/g Limit
1.87E-02
1.01E-01
1.72E-02
9.30E-02
8.91E-03
4.82E-02
8.58E-03
4.64E-02
9.50E-03
5.14E-02
2.70E-03
1.46E-02
9.21E-03
4.98E-02
3.85E-03
2.08E-02
9.06E-03
4.90E-02
1.98E-02
1.07E-01
1.99E-02
1.08E-01
1.71E-02

9.24E-02

Terrestrial

Table 30. Ecological impacts, following earlier than expected cap failure – Year 300 modelling
results

Organism
Amphibian
Bird
Arthropod - detritivorous
Flying insects
Mollusc - gastropod
Grasses & Herbs
Lichen & Bryophytes
Shrub
Annelid
Mammal - large
Mammal - smallburrowing
Reptile

Total Dose
Rate per
Organism
µGy/hr
4.49E+00
2.80E+00
3.47E+00
3.22E+00
3.69E+00
1.43E+01
7.17E+01
2.39E+01
3.65E+00
3.93E+00
4.16E+00

Screening
Value
µGy/hr
40
40
40
40
40
400
400
400
40
40

4.58E+00

40

40

Risk Quotient
37 Bq/g Limit
200 Bq/g Limit
1.12E-01
6.07E-01
6.99E-02
3.78E-01
8.69E-02
4.70E-01
8.05E-02
4.35E-01
9.24E-02
4.99E-01
3.59E-02
1.94E-01
1.79E-01
9.69E-01
5.98E-02
3.23E-01
9.13E-02
4.94E-01
9.83E-02
5.31E-01
1.04E-01
5.62E-01
1.14E-01

6.19E-01

Assuming future deposited wastes are consistent with the PCRSA fingerprint, which contains
37 Bq/g alpha + beta, there are no risk quotients above the target of 1.0, with the maximum being
0.18 for lichen and bryophyte organisms at 300 years.
Factoring up the risk to account for an increased waste activity limit of 200 Bq/g, all risk quotients
remain below the target of 1.0, but the risk quotient for lichen and bryophyte organisms of 0.97 is
only just below the target.
Overall, the calculated ecological impacts to organisms from soils contaminated by leachate
following earlier than expected cap failure are considered acceptable irrespective of future wastes
being disposed with activity concentrations equal to the existing 37 Bq/g limit or an increased
activity limit of 200 Bq/g.

CLESA PCRSA Review Report
December 2017
Page 97

6.4

AES – Early Erosion of the Site

6.4.1

Reference Case
Early erosion of the site significantly decreases the risk of inadvertent human intrusion, since the
site is more likely to be eroded before it falls from societal memory. The key risk radionuclide is
Ra-226, which has a half-life of 1600 y, so early erosion of the site will not significantly increase
risks from Ra-226.
However, risks from Cs-137 may be significantly increased by earlier erosion. Cs-137
concentrations in the site would be a factor of 10 higher for erosion at 200 y compared with erosion
-1
-1
at 300 y, which would increase the risks from Cs-137 from 7E-10 y to 7E-9 y . This is still
-1
significantly lower than the risk due to Ra-226 (8.6E-8 y ), and the total risk is still significantly
below the risk target.
The cap performance is the same as the NES, so groundwater pathway risks are the same as the
NES (Figure 21). However, the time period for which there is a groundwater pathway is different to
the NES: there is a groundwater pathway to 200 y compared with 300 y in the NES. The peak
calculated groundwater pathway risk occurs at c.200 y (Figure 21), so the peak groundwater
pathway risk is unchanged from the NES.

6.5

AES – Late Erosion of the Site

6.5.1

Reference Case
Late erosion of the site increases the risk of inadvertent human intrusion, and in particular provides
more time for the higher impact events of post-construction occupancy and smallholding to occur.
However, these events are assumed to occur in the NES.
Doses from inadvertent human intrusion and coastal erosion would be little changed because in
each case the key radionuclide is Ra-226 which has a half-life of 1,600 y. Overall, late erosion of
the site is unlikely to significant change the impacts compared with the NES.
The cap performance is the same as the NES, so groundwater pathway risks are the same as the
NES (Figure 21). However, the time period for which there is a groundwater pathway is different to
the NES: there is a groundwater pathway to 400 y compared with 300 y in the NES. The peak
calculated groundwater pathway risk occurs at c.200 y (Figure 21), so the peak groundwater
pathway risk is unchanged from the NES.

6.6

AES – Scavenging and Re-use of Materials

6.6.1

Reference Case
Potential doses to a person occupying a house with a 0.1 m thick concrete based slab, built on
scavenged hardcore were calculated for two inventory cases:
•

The hardcore comprises a mix of materials with a bulk average activity of 200 Bq/g (when
disposed) with the PCRSA fingerprint.

•

The hardcore is from broken-up (0.6 m radius) concrete blocks that (when disposed) were
surface contaminated with a single radionuclide with 40,000 Bq/g activity, and a bulk
average activity of 200 Bq/g (Section 5.3.2).

a) Rn-222 Gas
In Section 5.3, the dose from Rn-222 in a house with a 0.1 m thick concrete base slab built over
material with a Ra-226 concentration of 25 Bq/g was calculated as 0.68 mSv. Using this result, the
Rn-222 doses for the two inventory cases were calculated (Table 31Error! Reference source not
found.). It is noted that these exposures are assumed to occur at 300 y. Ra-226 has a half-life of
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1600 y, so the Rn-222 generation rate will be a factor of 0.88 lower at 300 y then when disposed.
This has been accounted for in the calculated doses.
Table 31. Doses from inhalation of Rn-222 in a house build on scavenged waste materials
Ra-226 (Bq/g)1

Rn-222 Dose
(mSv/y)

Bulk wastes

6.3E-02

1.5E-03

Broken-up surface
contaminated blocks

2.0E+02

4.8

Inventory

1

When disposed.

b) External Irradiation
The peak annual effective dose from external irradiation, to a person occupying a house built on
hardcore with a bulk average activity of 200 Bq/g (when disposed) with the PCRSA fingerprint is
7.8E-2 mSv (Figure 33). The total dose from radon gas and external irradiation is 8.0E-2 mSv. This
is significantly below the risk guidance level of 3 mSv.
Calculated annual effective doses to a person occupying a house built on broken-up concrete blocks
that (when disposed) were surface contaminated with a single radionuclide with 40,000 Bq/g activity,
and a bulk average activity of 200 Bq/g, are presented for beta/gamma radionuclides in Figure 34,
and alpha radionuclides in Figure 35.
For beta/gamma radionuclides, the highest dose radionuclide is I-129, with a calculated annual
effective dose of 0.1 mSv. This is not realistic as I-129 would be expected to be leached from the
surface of the block while it is in the site and when exposed by coastal erosion. Nevertheless, this
dose is significantly below the dose guidance level of 3 mSv.
For alpha radionuclides, the highest dose radionuclide is Th-232, with a calculated dose of 200 mSv.
The second highest is Ra-226, with a calculated dose of 121 mSv from external irradiation, and
4.8 mSv from Rn-222 gas (Table 31), giving a total dose of 126 mSv.
If, as described in the preceding section, the activity of surface alpha contamination was limited to
1,700 Bq/g, giving a bulk average activity of 8.5 Bq/g for a 0.6 m radius block, then the doses would
be 8.5 mSv for Th-232 and 5.4 mSv for Ra-226. It is possible that small bricks / blocks with
1,700 B/g surface contamination could have a bulk average activity >8.5 Bq/g (Table 26). This would
lead to higher calculated doses; with the dose scaling linearly with the bulk average activity of the
blocks.
Surface alpha activity would have to be further limited to below 1,700 Bq/g to reduce doses to the
3 mSv dose guidance level for this case. This is considered in the evaluation of the site radiological
capacity (Section 7).
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Figure 33. Doses from external irradiation to the occupier of a house built on scavenged bulk
wastes

Figure 34. Doses from external irradiation to the occupier of a house built on scavenged block
wastes – beta/gamma radionuclides
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Figure 35. Doses from external irradiation to the occupier of a house built on scavenged block
wastes – alpha radionuclides
6.7

AES – Riverine Erosion

6.7.1

Reference Case
Potential doses to a recreational user of the riverine environment were calculated. As described in
Section 5.7, these doses were calculated by scaling the results for the coastal erosion calculation
case, and correcting for 100 years less decay as exposures could potentially happen earlier. This
calculation approach makes a number of cautious assumptions that will overestimate doses to the
recreational user of the riverine environment, in addition to the cautious assumptions included in
the scenario description. The calculation is shown in Table 32.
Table 32. Calculated doses to a recreational user of the riverine environment

Lambda (y )

Decay
corrected
CE dose
at 200 y
(mSv)

Scaled
riverine
dose
(mSv)

1.60E+03

4.33E-04

9.0E-05

9.0E-04

2.41E+04

2.87E-05

2.0E-05

2.0E-04

1.8E-05

4.47E+09

1.55E-10

1.8E-05

1.8E-04

Cs-137

1.4E-05

3.02E+01

2.30E-02

1.4E-04

1.4E-03

Am-241

1.0E-05

4.32E+02

1.60E-03

1.2E-05

1.2E-04

Total

1.5E-04

Coastal
Erosion
(CE) Dose
(mSv)

Half-life
(y)

Ra-226

8.6E-05

Pu-239

2.0E-05

U-238

Radionuclide

-1

2.8E-03

The annual effective dose is 2.8E-3 mSv. This is significantly below the dose guidance level of 3 mSv.
Although the risk guidance level of 1E-6 y -1 is not relevant to this AES, it is noted that a dose of 2.8E-3 mSv
equates to a risk of 1.7E-7 y-1.
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7.

INTERPRETATION OF RESULTS

7.1

Long-term Safety of CLESA

7.1.1

Summary of the Assessment Undertaken
The depth and breadth of the assessment which has been undertaken is proportionate to the
potential hazard associated with the current disposal limits, and any proposals to increase disposal
limits in the future, that remain consistent with the disposal concept.
The original PCRSA has been reviewed and a number of updates have been made. This builds
further confidence in the updated PCRSA by taking into account:
•

The activity in the disposals to date and monitoring results.

•

Changes in knowledge about the site and the surrounding region.

•

Changes in understanding about potential future climate and landscape change.

•

The development of updated assessment approaches and methodologies.

•

Issues and learning from the LLWR 2011 ESC.

PCRSA calculations for other LA-LLW sites have been taken into consideration, including Clifton
Marsh and Kings Cliffe. The depth of analysis is consistent with, or greater than, that undertaken
for these other LA-LLW sites.
The LLWR 2011 ESC has been a particular influence because of the site setting which is similar to
CLESA, and because it has led development of approaches for assessing the impacts of coastal
erosion, including the potential impacts of any relatively active particles that may be present in, or
generated from, the wastes. However, the differences compared with LLWR have also been
appropriately recognised.
These updates mean that the updated CLESA PCRSA is consistent with current best practice.
7.1.2

Summary of Results and Conclusions
The updated PCRSA results show that the existing disposals to CLESA and current disposal limits
remain consistent with regulatory criteria. However, the shallowest disposals of alpha, and in
particular Ra-226, may have to be more tightly limited than at present. For example, disposals at
the current limit of 18.5 Bq/g alpha, where the activity is dominantly Ra-226, could potentially lead
to doses above the regulatory guidance level from inadvertent human intrusion and subsequent
occupancy of a contaminated site, and from inhalation of Rn-222 in a house built on the cap. (This
can be deduced by scaling the doses presented in Sections 6.2.1 and 6.1.5 respectively, by the
ratio of the current disposal limit of 18.5 Bq/g to the concentration of Ra-226 in the PCRSA
fingerprint of 0.012 Bq/g (Table 1)).
The risks associated with wells are also of note. If a person obtained all their drinking water from a
well directly under the site, or on the site boundary, they could receive a dose in excess of 20 μSv
-1
(peak conditional risk of 2.0E-5 y , i.e. assuming there is a well). However, the likelihood of
someone drilling a well in this location and obtaining all their drinking water from it is considered to
be low. Although the probability of a well is uncertain, even considering a reasonably cautious
probability, the overall calculated risk is significantly below 1E-6 y -1.
The updated PCRSA results also show that for the main body of the site, even if all future disposals
are at the current disposal limits, only a small fraction of the calculated radiological capacity will be
used. Therefore, there is potential to safely increase the current disposal limits.
The current disposal limits are low and are applied as a maximum to each volume of material
making up a consignment. Therefore there is no significant potential for hotspots or blocks of waste
with relatively active surfaces. If disposal limits were increased and/or applied as an average
activity in the future, there is greater potential for hotpots or blocks of waste with relatively active
surfaces. Assessment calculations investigating the types of waste that could potentially be
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disposed in the future have shown that the maximum activities would have to be limited to control
the potential impacts associated with contaminated blocks on the beach.
The radiological capacity of the site is further discussed below. Options for increased disposal
limits are discussed in Section 8.
7.2

Radiological Capacity

7.2.1

Identification of Appropriate Assessment Cases
Radiological capacity values can be derived for an appropriate range of assessment cases. The
LLWR 2011 ESC (LLWR, 2011b) argues that the relevant cases for consideration in establishing
limits are those assessment cases that are the most representative of each pathway and PEG
relevant to that pathway. It is considered unreasonable to derive limits on the basis of assessment
cases that are unlikely to occur, even though such cases might be explored within the
assessments. This is consistent with the findings of the work carried out for the Environment
Agency at the time of the review of the LLWR 2002 Post-Closure Safety Case (PCSC) which notes
that:
‘…it is questionable whether quantitative limits should be established on the basis of
some of the less likely but high consequence scenarios that it might be necessary to
consider in safety cases. The recognition that it may be appropriate to base quantitative
disposal limits on a different set of scenarios than is considered in the post-closure and
operational safety cases is an important step.’
LLWR Ltd’s approach was to base the selection of cases on the reference case assessment results
for each pathway. In the LLWR 2011 ESC, the reference case results represent either the most
likely or a central set of results from the assessment cases. This approach is consistent with the
GRA for the phase after the Period of Authorisation (PoA) in that the criteria are guidance levels
and not absolute limits. This reflects the recognition that uncertainties exist in such assessments,
and that some assessment cases will be identified to explore uncertainties and to illustrate ‘What If’
situations to test the robustness of the safety case.
LLW Repository Ltd’s approach is applied here for CLESA, mirroring the approaches applied for
Clifton Marsh (Eden, 2010) and Kings Cliffe (Augean, 2012; Mitchell, 2015).
It is important to consider, for each assessment case taken forward as a basis for deriving limits,
whether the impacts depend primarily on the total inventory (TBq) for each radionuclide or whether
impacts are related to radionuclide concentrations (Bq/g); although the former can be converted
into an activity concentration using the volumetric capacity of the site and waste density. We have
identified limits that will apply to:
•

Total site activity.

•

Average activity in waste consignments.

•

Maximum activities for surface contaminated decommissioning wastes / hotspots.

Although doses to farmers, fishermen and bait diggers from discharge of radionuclides in
groundwater at the coast were included in the Reference Case for the NES, they are sufficiently
low that they are not limiting for the radiological capacity. Similarly, potential impacts to ecological
receptors are not limiting. The cases that are used to derive the radiological capacity are given in
Table 33.
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Table 33. Assessment cases used in derivation of radiological capacity values and potential
limits. Non-limiting cases are greyed out.

Scenario
NES

Case
Reference –
fishermen, bait
diggers, farmer
Reference Groundwater, beach
seeps
Reference - Gas,
house on cap

Reference - Coastal
Erosion, recreational
use
Reference - CE
Blocks
Reference - CE
Particles
Reference –
Ecological receptors

AES - HI

Inventory used in
updated PCRSA
calculations
(Section 6)
As disposed +
future at PCRSA
fingerprint
As disposed +
future at PCRSA
fingerprint
Ra and U in actually
disposed and
PCRSA fingerprints
As disposed + rest
at PCRSA
fingerprint
200 Bq/g average,
up to 40,000 Bq/g
surface
As disposed + rest
at PCRSA
fingerprint
As disposed + rest
at PCRSA
fingerprint

Assessment
Criteria
Risk 1E-6 y

-1

Risk 1E-6 y

-1

Dose 3 mSv

Risk 1E-6 y

-1

Basis for Potential Limits
Total site activity limit. N.B.
risks sufficiently low that this is
not a limiting case.
Total site activity limit

Limits on the concentrations of
Ra, noting that these may
need to be lower for later
disposals underlying the cap
Total site activity limit

Dose 20 μSv

Surface activity limit

Risk 1E-6 /y

Surface / ‘hotspot’ activity
limit.

Reference - Borehole
driller
Reference - Postconstruction
Occupancy

PCRSA fingerprint

40 µGy/hr for
terrestrial
animals and
aquatic
mammals,
reptiles,
amphibians
and birds
400 µGy/hr for
terrestrial
plants and all
other species
Dose 20 mSv

PCRSA fingerprint

Dose 3 mSv

Reference Smallholder

PCRSA fingerprint

Dose 3 mSv

Reference - Particles,
Post-construction
Occupancy

PCRSA fingerprint

Dose 3 mSv

Total site activity limit. N.B.
risks sufficiently low that this is
not a limiting case.

Concentration limit
Concentration limit, noting that
this may need to be lower for
later disposals underlying the
cap
Concentration limit, noting that
this may need to be lower for
later disposals underlying the
cap
Surface / ‘hotspot’ activity
limit.

In Section 6.1.9 it was shown that doses to a person occupying a house with a 0.1 m thick concrete
based slab, built on scavenged hardcore that comprises broken up surface contaminated blocks
could exceed the risk guidance level of 3 mSv. For example, calculated doses for (0.6 m radius)
blocks with 1,700 Bq/g surface alpha activity, and a bulk average activity of 8.5 Bq/g, were up to
8.5 mSv.
This is a very unlikely case that includes cautious assumptions:
•

It assumes blocks with this level of surface alpha contamination are disposed. It also
assumes the activity is dominated by specific radionuclides that lead to the highest
calculated doses, i.e. Th-232 and/or Ra-226. This is unlikely given the available
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fingerprint information, and the nature of materials on the Sellafield site, that Sellafield
Ltd anticipate might contribute to future disposals.
•

It is unlikely that materials will be scavenged from the eroding site.

•

It cautiously assumes only these types of blocks are scavenged, rather than a mix of
materials originating from different sources.

•

It is unlikely that scavenged blocks would be broken-up and used as hardcore in the
foundation of a house.

•

Cautiously the calculation assumes a person spends 80% of their time in the house.

Therefore, this case is not a suitable basis for setting disposal limits.
Material scavenging and riverine erosion are considered to be less likely cases, and therefore are
not a suitable basis for setting disposal limits. In any case they would not be limiting. Section 6.1.10
considered the risks associated with drinking water from a well located between the site and the
coast. This is a very unlikely case and is also not a suitable basis for setting disposal limits.

7.2.2

Radiological Capacity
For cases identified in Table 33, the radiological capacity was calculated by:
•

Calculating the dose / risk per unit inventory / activity concentration as applicable.

•

Dividing the regulatory dose / risk guidance level by the above.

The resultant radiological capacities are shown in Table 34. It should be noted that these
radiological capacities describe the activity concentration / total inventory that could lead to doses /
risks equal to the regulatory dose / risk guidance levels, for that radionuclide alone.
The radiological capacity is independent of the fingerprint of future disposals. However, the PCRSA
fingerprint and the potential final inventory have been included in Table 34 as a point of comparison
against the most limiting radionuclides / exposure pathways, which have been highlighted in the
table. Other radionuclides with similar radiological capacities, but are not limiting given the PCRSA
fingerprint, are also highlighted.
For post-construction site occupancy and smallholding the results have been combined and the
most limiting capacities are presented in Table 34. Long-lived mobile radionuclides are the most
limiting for foreshore seeps, and in particular I-129. Ra-226 and isotopes of Th are most limiting for
human intrusion and coastal erosion. Pa-231 is also potentially important for coastal erosion.
In addition, the radiological capacity for Ra-226 due to doses from Rn-222 gas in a house built on
the cap was calculated as 3.5E-01 Bq/g.
Blocks of waste exposed on the beach and particles generated during human intrusion are
assessed slightly differently. The assessment results have shown that initial surface activities of
40,000 Bq/g beta and 1,700 Bq/g alpha will not lead to calculated doses from examining blocks of
waste greater than 20 μSv, assuming 1 hr is spent casually examining such items each year,
consistent with the assumptions made by LLWR.
For particles, risk would vary linearly with the total activity in the environment, with the proviso that
particles of sufficiently high activity that could lead to deterministic effects are not plausible. For
human intrusion this depends on the volume of waste exposed, and for coastal erosion, this
depends on the amount of eroded waste on the beach / foreshore. Radiological capacities are
calculated assuming the maximum activity in hotspots or on the surface of decommissioning
wastes is 40,000 Bq/g (Table 35 and Table 36).
The results show that only a small fraction of the site radiological capacity is likely to be used even
if all future disposals are at the current disposal limits. There is scope, therefore, to increase the
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current disposal limits. However, the concentrations of Cs-137 and Ra-226 in the shallowest
disposals that could potentially be excavated by construction activities require particular
consideration, as does the overall site inventory of I-129, which could give rise to doses from
drinking foreshore seeps. It is noted that if all the alpha activity comprised Ra-226 in the form of
particles, or material that could generate particles, calculated doses from particles would just
exceed the dose guidance level for post-construction site occupancy. This is not plausible in reality,
but it further illustrates the need to give particular consideration to Ra-226 in the shallowest
disposals.
A surface activity limit of 1700 Bq/g alpha would also sufficiently limit the doses for the very unlikely
situation where alpha contaminated blocks are present in the site, and they are scavenged and
used as hardcore in the foundation of a house. Although the maximum theoretical calculated dose
could exceed the risk guidance level of 3 mSv, the maximum feasible dose is far lower and would
likely be below the risk guidance level. However, surface activity levels may need to be limited to
prevent sorting processes during coastal erosion of the site resulting in average radionuclide
concentrations on the storm beach exceeding the concentration of the bulk waste, and therefore
result in higher doses/risks than the bulk wastes. The surface activity limits that would have to be
applied depend on the proposed future bulk activity limits.
Options for increases to disposal limits are discussed in Section 8.
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Table 34. Calculated radiological capacities. Radionuclides that are potentially limiting given the PCRSA fingerprint, and other radionuclides with similar
radiological capacities, are highlighted in blue.

Radionuclide

PCRSA
fingerprint
(Bq/g)

Site Occupant and
Smallholder (Bq/g)

Borehole Intruder
(Bq/g)

Potential final inventory
- Table 5 (TBq)

Coastal Erosion
(TBq)

Foreshore
Seeps (TBq)

H-3

1.71E-01

1.0E+05

1.6E+11

7.3E-02

6.5E+13

1.4E+03

C-14

1.55E-02

7.3E+00

5.3E+07

3.7E-03

9.0E+04

1.1E+01

Cl-36

2.30E-08

1.5E+00

1.3E+07

2.4E-03

2.8E+03

3.0E+06

Co-60

7.66E-01

2.7E+05

7.6E+08

1.1E-01

3.9E+15

N/A

Ni-63

1.16E-03

4.6E+04

3.9E+08

2.7E-03

3.7E+06

1.3E+04

Sr-90

3.59E+00

2.5E+02

7.2E+06

5.3E-01

3.4E+05

6.9E+09

Zr-93

1.26E-05

2.1E+05

1.6E+07

1.8E-06

4.5E+04

N/A

Nb-93m

4.24E-12

1.6E+07

9.2E+09

6.0E-13

5.7E+10

N/A

Tc-99

2.88E-01

4.8E+01

3.4E+07

4.4E-02

3.8E+04

4.3E+01

I-129

5.69E-03

2.0E+02

4.4E+05

1.7E-03

3.3E+02

2.7E-02

Cs-137

1.95E+01

7.5E+01

2.1E+05

2.8E+00

3.3E+03

N/A

Pb-210

9.02E-15

1.1E+02

3.0E+05

1.3E-15

5.9E+05

N/A

Ra-226

1.16E-02

7.0E-02

5.3E+03

4.0E-03

7.9E-01

6.1E+14

Th-229

9.68E-06

1.8E+01

2.7E+03

1.4E-06

4.2E+00

N/A

Th-230

7.33E-08

3.5E-01

1.0E+04

2.8E-04

4.2E+00

1.2E+16

Th-232

6.89E-05

1.9E+00

2.1E+03

1.7E-04

4.7E-01

N/A

Pa-231

4.19E-10

1.1E+01

1.3E+03

6.0E-11

2.7E+00

N/A

U-233

1.77E-04

2.7E+02

3.1E+04

4.4E-03

8.7E+01

5.6E+21

U-234

3.14E-01

1.3E+02

6.7E+04

6.6E-02

3.6E+02

1.6E+19

U-235

6.62E-03

4.1E+01

3.5E+04

4.8E-03

1.0E+01

5.8E+21

U-236

4.30E-02

1.1E+03

7.4E+04

8.6E-03

4.6E+02

6.2E+21

U-238

2.17E-01

2.3E+02

7.4E+04

5.7E-02

5.5E+01

5.7E+21

Np-237

9.35E-03

2.8E+01

9.7E+03

2.2E-03

6.7E+00

9.4E-01

Pu-238

1.85E-01

5.6E+02

1.1E+04

2.7E-02

5.5E+02

3.4E+16

CLESA PCRSA Review Report
December 2017
Page 107

Radionuclide

PCRSA
fingerprint
(Bq/g)

Site Occupant and
Smallholder (Bq/g)

Borehole Intruder
(Bq/g)

Potential final inventory
- Table 5 (TBq)

Coastal Erosion
(TBq)

Foreshore
Seeps (TBq)

Pu-239

3.00E-01

2.5E+02

5.0E+03

4.5E-02

3.9E+01

6.1E+14

Pu-240

1.27E-01

2.5E+02

5.0E+03

2.0E-02

4.0E+01

6.3E+14

Pu-241

5.24E+00

7.5E+03

2.0E+05

7.6E-01

1.9E+03

6.6E+05

Pu-242

5.74E-05

2.6E+02

5.2E+03

4.9E-05

4.1E+01

6.3E+14

Am-241

2.60E-01

2.5E+02

6.9E+03

3.9E-02

6.5E+01

2.0E+04

Am-242m

1.10E-05

2.2E+02

5.7E+03

1.6E-06

8.4E+01

1.3E+15

Cm-242

5.47E-03

1.1E+05

2.2E+06

8.0E-04

1.1E+05

6.7E+18

Cm-244

3.22E-03

1.3E+04

2.5E+05

7.3E-04

1.4E+04

2.1E+17
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Table 35. Radiological capacity (average activity) for wastes underlying the cap, with
maximum activities of 40,000 Bq/g, which may generate higher activity particles during human
intrusion
Site Occupant
particles, 1 m thick
cap

Cs-137

Ra-226

U-238

Sr-90

Peak dose (Sv/y)
Dose per unit inventory
(Sv/y)/Bq

3.00E-04

2.10E-06

1.30E-05

3.30E-05

3.79E-15

4.46E-14

1.48E-14

2.26E-15

Radcapacity (Bq)
3
Mass of 2000 m
excavated waste (g)

7.92E+11

6.73E+10

2.03E+11

1.33E+12

4.06E+09

4.06E+09

4.06E+09

4.06E+09

Radcapacity (Bq/g)

1.95E+02

1.66E+01

5.01E+01

3.26E+02

Table 36. Radiological capacity (average activity) for future disposals, with maximum activities
of 40,000 Bq/g, which may generate higher activity particles during coastal erosion
Coastal Erosion particles

Ra-226

Pu-239

8.40E-11

1.20E-10

Risk per unit inventory (y )/Bq

2.12E-20

2.68E-21

Radcapacity (Bq)

4.73E+13

3.73E+14

4.73E+13

3.72E+14

Remaining volume (m )

7.00E+04

7.00E+04

Remaining mass (g)

1.42E+11

1.42E+11

Radcapacity (Bq/g)

3.33E+02

2.62E+03

-1

Peak risk (y )
-1

Remaining capacity (Bq)
3

CLESA PCRSA Review Report
December 2017
Page 109

8.

IMPLICATIONS FOR WASTE ACCEPTANCE CRITERIA (WAC)
This section outlines options for changes to the disposal limits. It also considers how the limits
would be applied and any factors that would have to be kept under review.
SL has confirmed that the hydrogeological risk assessment is to be reviewed within two years.
Other risk assessments for CLESA relating to the environmental permit, including for landfill gas,
surface water and groundwater, could also be reviewed at the same time. These reviews could be
the opportunity to consider the advantages and disadvantages of expanding the waste types
received for disposal at CLESA, particularly given that nearly a half of its volumetric capacity has
already been consumed to date. It may also be prudent to undertake a cost / benefit analysis to
support a business plan and operational risk assessment should significant changes be proposed
for the types and proportions of wastes received at CLESA.

8.1

Current and Projected Future Utilisation of Radiological Capacity
A sum of fractions approach is used to calculate the fraction of the remaining radiological capacity
that may be used assuming future disposals are similar to the PCRSA fingerprint, and then, the
factors by which the total alpha + beta and total alpha activities in the fingerprint would have to be
scaled to use the full radiological capacity. This involves the following steps:
•

Depending on the calculation case and exposure pathway under consideration, the
radiological capacity is expressed as the total site inventory or maximum concentration, for
each radionuclide, that gives rise to the associated regulatory guidance level.

•

For each radionuclide, the radiological capacity is divided by the potential future inventory
(Table 5) and PCRSA inventory (Table 1) respectively. For cases where the radiological
capacity is expressed as the total site inventory, the existing disposals (Table 5) were first
subtracted from the radiological capacity. Therefore, the calculation shows the fractions of
the remaining total site capacity that could be used by future disposals with the PCRSA
fingerprint.

•

The fractional contributions were then summed to determine the fraction of the radiological
capacity (maximum concentration) and remaining radiological capacity (total site activity)
that could be used.

Mathematically the sum of fractions calculations can be expressed as:
Where the radiological capacity is expressed as the maximum concentration limit:

In is the disposed activity concentration of each radionuclide (Bq/g)
Ln is the radionuclide capacity of each radionuclide (Bq/g)
n is each radionuclide
For example, for site occupant and smallholder, for Cs-137, In = 1.95E+01 Bq/g (Table 27), and Ln
= 7.5E+01 Bq/g (Table 27), so In / Ln = 2.6E-01 (Table 30, column 2). The fractional calculations for
all the individual radionuclides in the fingerprint are then summed to give a sum of fractions.
Where the radiological capacity is expressed as the total site activity limit:

In is the disposed activity of each radionuclide (Bq)
Ln is the radionuclide capacity of each radionuclide (Bq)
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n is each radionuclide
However, because there are existing disposals, to inform potential future site activity limits, it is
more useful to consider the radiological capacity expressed as the unused total site activity limit.
Where the radiological capacity is expressed as the unused total site activity limit:
−

In is the activity of each radionuclide that may be disposed in the future (Bq)
Ln is the radionuclide capacity of each radionuclide (Bq)
En is the activity of the existing disposals of each radionuclide (Bq)
n is each radionuclide
For example, for foreshore seeps, for I-129, In = 8.08E-04 TBq (Table 5), Ln = 2.7E-02 TBq (Table
27), and En = 8.59E-04 TBq (Table 5), so In / (Ln – En) = 3.13E-02 (Table 30, column 6). The
fractional calculations for all the individual radionuclides in the fingerprint are then summed to give
a sum of fractions.
The factor by which the inventory (total or concentration as relevant) can be increased is calculated
as the reciprocal of this fraction. The results of the sum of fractions calculations are presented in
Table 37. The new limit for alpha + beta is calculated as 37 Bq/g (PCRSA fingerprint) multiplied by
the potential factor of increase. The new limit for alpha is calculated as 1.48 Bq/g (PCRSA
fingerprint) multiplied by the potential factor of increase.
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Table 37. Results of sum of fractions calculations alpha + beta
Site
Occupant &
Smallholder

Rn-222 Gas in
a House on
the Cap

Borehole
Intruder

PCRSA
fingerprint /
Radcapacity

PCRSA
fingerprint /
Radcapacity

H-3

1.63E-06

C-14

PCRSA
fingerprint /
Radcapacity

Coastal
Erosion
Potential
Future
Inventory /
Remaining
Capacity

Foreshore
Seeps
Potential
Future
Inventory /
Remaining
Capacity

0

1.06E-12

3.73E-16

1.72E-05

2.13E-03

0

2.95E-10

2.45E-08

2.03E-04

Cl-36

1.58E-08

0

1.75E-15

1.16E-12

1.07E-15

Co-60

2.81E-06

0

1.01E-09

2.78E-17

0.00E+00

Ni-63

2.54E-08

0

2.97E-12

4.48E-11

1.28E-08

Sr-90

1.42E-02

0

4.97E-07

1.50E-06

7.34E-11

Zr-93

5.89E-11

0

7.72E-13

3.95E-11

0.00E+00

Nb-93m

2.64E-19

0

4.63E-22

1.07E-23

0.00E+00

Tc-99

6.04E-03

0

8.47E-09

1.09E-06

9.47E-04

I-129

2.82E-05

0

1.30E-08

2.42E-06

3.13E-02

Cs-137

2.60E-01

0

9.38E-05

8.28E-04

0.00E+00

Pb-210

7.98E-17

0

2.97E-20

2.16E-21

0.00E+00

Ra-226

1.66E-01

3.33E-02

2.20E-06

2.11E-03

2.72E-18

Th-229

5.39E-07

0

3.57E-09

3.30E-07

0.00E+00

Th-230

2.12E-07

0

7.11E-12

2.49E-09

8.72E-25

Th-232

3.59E-05

0

3.30E-08

2.08E-05

0.00E+00

Pa-231

3.72E-11

0

3.15E-13

2.19E-11

0.00E+00

U-233

6.44E-07

0

5.68E-09

2.90E-07

4.50E-27

U-234

2.48E-03

0

4.69E-06

1.25E-04

2.72E-21

U-235

1.60E-04

0

1.91E-07

9.24E-05

1.61E-25

U-236

4.05E-05

0

5.80E-07

1.33E-05

9.92E-25

U-238

9.30E-04

0

2.95E-06

5.61E-04

5.44E-24

Np-237

3.30E-04

0

9.63E-07

1.97E-04

1.42E-03

Pu-238

3.33E-04

0

1.68E-05

4.74E-05

7.65E-19

Pu-239

1.19E-03

0

6.03E-05

1.09E-03

7.00E-17

Pu-240

5.01E-04

0

2.53E-05

4.52E-04

2.86E-17

Pu-241

7.00E-04

0

2.60E-05

3.95E-04

1.12E-06

Pu-242

2.17E-07

0

1.10E-08

2.00E-07

1.29E-20

Am-241

1.02E-03

0

3.77E-05

5.71E-04

1.88E-06

Am-242m

4.92E-08

0

1.95E-09

1.85E-08

1.23E-21

Cm-242

5.02E-08

0

2.54E-09

7.16E-09

1.16E-22

Cm-244
Sum of
fractions
Potential
factor of
increase
New limit
alpha + beta

2.48E-07

0

1.27E-08

3.16E-08

2.18E-21

4.56E-01

3.33E-02

2.72E-04

6.51E-03

3.39E-02

2.2

30.0

3,675

153.5

29.5

81

0.35

135,974

5,681

1,091

Radionuclide
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Radionuclide

Site
Occupant &
Smallholder

Rn-222 Gas in
a House on
the Cap

Borehole
Intruder

PCRSA
fingerprint /
Radcapacity

PCRSA
fingerprint /
Radcapacity

3.2

0.35

PCRSA
fingerprint /
Radcapacity

Coastal
Erosion
Potential
Future
Inventory /
Remaining
Capacity

Foreshore
Seeps
Potential
Future
Inventory /
Remaining
Capacity

5,439

227

43.3

(Bq/g)
New limit
alpha (Bq/g)

It is recognised that future changes in the disposal limits might not utilise the full radiological
capacity for alpha + beta. Therefore, there may be scope to further increase the disposal limit for
alpha alone. This is illustrated by Table 38 which shows the new limit for alpha, based on the
PCRSA fingerprint, if there is no beta activity. This is an unrealistic extreme, but it is a useful
bounding calculation to inform potential future disposal limits.
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Table 38. Results of sum of fractions calculations alpha only (i.e. no beta)
Site
Occupant and
Smallholder

Rn-222 Gas in
a House on
the Cap

Borehole
Intruder

PCRSA
fingerprint /
Radcapacity

PCRSA
fingerprint /
Radcapacity

Pb-210

7.98E-17

Ra-226

PCRSA
fingerprint /
Radcapacity

Coastal
Erosion
Potential
Future
Inventory /
Remaining
Capacity

Potential Future
Inventory /
Remaining
Capacity

0

2.97E-20

2.16E-21

0.00E+00

1.66E-01

3.33E-02

2.20E-06

2.11E-03

2.72E-18

Th-229

5.39E-07

0

3.57E-09

3.30E-07

0.00E+00

Th-230

2.12E-07

0

7.11E-12

2.49E-09

8.72E-25

Th-232

3.59E-05

0

3.30E-08

2.08E-05

0.00E+00

Pa-231

3.72E-11

0

3.15E-13

2.19E-11

0.00E+00

U-233

6.44E-07

0

5.68E-09

2.90E-07

4.50E-27

U-234

2.48E-03

0

4.69E-06

1.25E-04

2.72E-21

U-235

1.60E-04

0

1.91E-07

9.24E-05

1.61E-25

U-236

4.05E-05

0

5.80E-07

1.33E-05

9.92E-25

U-238

9.30E-04

0

2.95E-06

5.61E-04

5.44E-24

Np-237

3.30E-04

0

9.63E-07

1.97E-04

1.42E-03

Pu-238

3.33E-04

0

1.68E-05

4.74E-05

7.65E-19

Pu-239

1.19E-03

0

6.03E-05

1.09E-03

7.00E-17

Pu-240

5.01E-04

0

2.53E-05

4.52E-04

2.86E-17

Pu-242

2.17E-07

0

1.10E-08

2.00E-07

1.29E-20

Am-241

1.02E-03

0

3.77E-05

5.71E-04

1.88E-06

Cm-242

5.02E-08

0

2.54E-09

7.16E-09

1.16E-22

Cm-244
Sum of
fractions
Potential
factor of
increase
New limit
alpha(Bq/g)

2.48E-07

0

1.27E-08

3.16E-08

2.18E-21

1.73E-01

3.33E-02

1.52E-04

5.29E-03

1.42E-03

5.8

30.0

6,587

189

702

8.6

0.35

9,749

280

1,040

Radionuclide

Foreshore
Seeps

As discussed in Section 7.2, blocks and particles are treated slightly differently. Maximum activity
limits for surface contaminated blocks of 40,000 Bq/g beta and 1,700 Bq/g alpha have been
proposed. These limits would also protect the borehole driller / intruder in the event that they were
to expose or excavate wastes with locally elevated levels of contamination (Table 34). The
radiological capacity of Pa-231 is 1,300 Bq/g for borehole intrusion, which is less than the
proposed limit of 1,700 Bq/g. However it is implausible that all the material in the five excavated
boreholes would contain greater than 1,300 Bq/g of Pa-231. For all other radionuclides the
radiological capacity for borehole intrusion is greater than the 40,000 Bq/g beta and 1,700 Bq/g
alpha limits.
For particles, it is assumed all the activity in the waste is a single radionuclide present in particles
or material that could generate particles. Table 39 shows the fraction of the radiological capacity
used by the PCRSA fingerprint and potential factor of increase. The full radiological capacity limit is
equal to the minima of the radiological capacities for the individual radionuclides, i.e. 16.6 Bq/g for
Site Occupancy (Ra-226) and 333 Bq/g for Coastal Erosion (Ra-226).
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Table 39. Results of sum of fractions calculations for particles

Case

Radionuclide

Total alpha or
beta activity in
fingerprint (Bq/g)

Site
Occupancy

Cs-137

35.52

1.95E+02

1.82E-01

5.49

Ra-226

1.48

1.66E+01

8.93E-02

11.2

U-238

1.48

5.01E+01

2.96E-02

33.8

Sr-90

35.52

3.26E+02

1.09E-01

9.19

Ra-226

1.48

3.33E+02

4.45E-03

225

5.65E-04

1,771

Coastal
Erosion*

Radiological
Capacity (Bq/g)

Disposal Limit /
Radiological
Capacity

Potential
Factor of
Increase

Pu-239
1.48
2.62E+03
* Derived from the remaining total radiological capacity for coastal erosion.

8.2

Outline Options for Increased Radionuclide Activity Limits
Radiological capacity calculations have shown there is potential to increase the current disposal
limits. The calculations show that for the main body of the site the disposal limits could be
increased to the LA-LLW limit of 200 Bq/g. This would be an average activity limit (whether alpha
or beta activity) applied to a consignment, and would only use a fraction of the total radiological
capacity considering borehole intrusion, foreshore seeps and coastal erosion. For example, for
foreshore seeps a new alpha+beta limit is calculated at 1,091 Bq/g, which demonstrates that if
disposals were at 200 Bq/g the total radiological capacity would be significantly underutilised.
Table 37 suggests that for the PCRSA fingerprint, a limit of 43 Bq/g is required for alpha to limit
risks associated with foreshore seeps. However, Table 37 also shows that at 200 Bq/g only a
fraction of the radiological capacity for alpha + beta (1,091 Bq/g) is being used. Table 38 shows
that for the PCRSA fingerprint, if there is no beta then the maximum limit for alpha is 1,040 Bq/g.
Therefore, it is concluded there is sufficient radiological capacity to only require a single disposal
limit of 200 Bq/g alpha + beta. A separate limit is not required for alpha.
An increase from 37 Bq/g to 200 Bq/g is a factor of 5.4. If the I-129 concentration in the PCRSA
fingerprint was increased by this factor, only 18% of the remaining radiological capacity for I-129
would be used. If the I-129 concentration in the 2Y57 fingerprint was increased by this factor, 58%
of the remaining radiological capacity for I-129 would be used. Although a specific limit is not
proposed for I-129, the site should also be careful not to accept multiple disposals containing
significant quantities of I-129 or other mobile long-lived radionuclides.
These limits would apply to the average activity in a consignment, i.e. a vehicle load. Maximum
activity limits for a hotspot in a consignment or surface contamination on decommissioning wastes
would be 40,000 Bq/g beta and 1,700 Bq/g alpha throughout the site. These limits for alpha and
beta are not independent. The Sum of Fractions (SoF) for alpha plus beta would have to be less
than unity, i.e.
(α / 1,700) + (β / 40,000) < 1
Where,
α is the total surface alpha activity (Bq/g)
β is the total surface beta/gamma activity (Bq/g)
In Section 6.1.8 it was noted that sorting processes during coastal erosion of the site could
potentially lead to average radionuclide concentrations associated with bricks / small blocks on the
storm beach exceeding the concentration of the disposed bulk waste, and therefore result in higher
doses/risks than the bulk wastes. Surface activity levels may need to be limited to prevent this from
occurring. Large surface contaminated blocks with an average activity exceeding the bulk activity
limits would not be accepted, so these are not an issue.
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Consignments containing only bricks / small blocks could not be further sorted by erosion
processes to increase the average bulk activity. So surface activity levels would not need to be
further limited for such consignments.
Consignments containing bricks / blocks mixed with other wastes, e.g. soil / spoil, could potentially
contain some surface contaminated bricks / blocks that individually have an average activity >200
Bq/g, but the bulk activity of the consignment is ≤200 Bq/g. For these consignments, sorting
processes could potentially lead to the average radionuclide concentrations associated with bricks /
blocks on the storm beach exceeding the concentration of the disposed bulk waste. However, a
large number of bricks / small blocks with 40,000 Bq/g beta/gamma contamination would need to
be present in the site for natural sorting processes to result in a pile the size of CLESA’s storm
beach with >200 Bq/g. This is not credible in reality, because 40,000 Bq/g is a maximum limit, and
the actual surface activity on an average brick / block would be substantially lower. Even if the site
contained a large number of bricks with 32,500 Bq/g beta/gamma the average activity of the pile
would be 200 Bq/g. Overall, it is not credible that natural sorting processes could lead to a pile the
size of the CLESA storm beach with >200 Bq/g. So further limitation of surface activity levels is not
required.
Radionuclide activities may have to be more tightly constrained in the shallowest disposals. This is
due to the potential impacts associated with inadvertent human intrusion and doses from Rn-222
gas in a house built on the cap. Four options for limiting radionuclide disposals to the top of the site
are given in Table 40. The basis for these options is described below, followed by a discussion of
the implications.
a) Option A
The most limiting cases are the post-construction site occupancy and smallholder, human intrusion
events. These assume exposure to wastes left onsite from a 5 m deep excavation. If the cap is 1m
thick, lower disposal limits will be required in the top 4 m of the site.
A sum of fractions calculation comparing the PCRSA fingerprint with the radiological capacity
shows that there is potential to increase the alpha + beta disposal limit by a factor of 2.2, i.e. from
37 Bq/g alpha + beta to 81 Bq/g alpha + beta. However, these cases lead to a limit for alpha of 3.2
Bq/g (8.6 Bq/g for alpha only), which is lower than the current disposal limit of 18.5 Bq/g. The
current disposal limit of 18.5 Bq/g was not based on the original PCRSA, but older arguments for
other onsite tips.
If 80% of the radiological capacity is allocated to Cs-137 and Ra-226 (sum of fractions equal to
0.8), for the PCRSA fingerprint the disposal limits would be 37 Bq/g Cs-137 and 0.02 Bq/g Ra-226.
For disposals containing no Ra-226 the Cs-137 limit would increase to 60 Bq/g. For disposals
containing no Cs-137 the Ra-226 limit would increase to 0.06 Bq/g.
If the other 20% of radiological capacity is allocated to other radionuclides, the disposal limits
would be 116 Bq/g alpha + beta and 9.8 Bq/g alpha (41.2 Bq/g for alpha only). For the PCRSA
fingerprint, the total activity limit for alpha + beta would be 37 Bq/g (Cs-137) + 116 Bq/g (others) =
153 Bq/g.
Given that Cs-137 is already characterised for each disposal, and Ra-226 will need to be
characterised due to the low disposal limit the following disposal limits are proposed:
•

Sum of fractions Cs-137 + Ra-226 = 0.8.

•

Other alpha + beta = 80 Bq/g.

•

Other alpha = 20 Bq/g.

The proposed limit for other alpha + beta is lower than the full radiological capacity (116 Bq/g),
which allows the limit for other alpha to be increased from 9.8 Bq/g to 20 Bq/g. (N.B. this is based
on the PCRSA fingerprint).
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b) Option B
In this option the cap thickness is increased to 3 m. This reduces the amount of waste exposed for
the site occupant and smallholder cases. More restrictive disposal limits are now only applied in the
top 2 m of disposals and they are increased by a factor of two compared with Option A. The limits
are unaffected if the cap height is increased by 2 m, so the total volume of disposals is unchanged
compared with Option A. However, Sellafield Ltd would need to obtain the relevant planning
permissions to increase the cap height.
c) Option C
It could be argued that the site occupant and smallholder cases are much more cautious for
CLESA than LLWR due to the site setting and relatively steep geometry of the cap: therefore they
are not an appropriate basis to set disposal limits. In this situation the potential doses from Rn-222
gas in a house built on the cap would become limiting for Ra-226.
In this case the disposal limits could be increased to 200 Bq/g throughout the whole site, except for
the top 3 m of disposals where Ra-226 would have to be limited to 0.35 Bq/g due to the potential
doses from Rn-222 gas. Limer and Thorne (2011) calculated a 3 m thick cap comprising coarse
materials would attenuate Rn-222 diffusive fluxes by a factor of 1.8E-3. Therefore at a depth of 3 m
the Ra-226 limit would increase to 0.35 Bq/g / 1.8E-3 = 194 Bq/g. It is not considered necessary to
differentiate this from the 200 Bq/g limit for total alpha because the difference is not significant
relative to the uncertainties and cautious assumptions in the calculation. Note no credit is taken for
the 1 m thick cap because it is assumed the house foundations intrude into the cap.
d) Option D
This is the same as Option C, except the cap is 3 m thick. The Rn-222 attenuation factor is very
sensitive to the cap thickness, for example, using equation 5 and the associated diffusivity values
given in Limer and Thorne (2011), the attenuation factor for a 2 m thick cap is 6.25E-2 compared
with 1.8E-3 for a 3 m thick cap. Given that the house foundations are assume to intrude into the
cap, which may reduce its thickness, it is prudent to set a limit for Ra-226 based on a 2 m thick
cap, i.e. 0.35 Bq/g / 6.25E-2 = 5.6 Bq/g. This disposal limit would apply to the top 1 m of disposals.
Below this depth (i.e. 2 m cap + 1 m wastes = 3 m) the limit for Ra-226 would be 200 Bq/g.
It is noted that for a 3 m thick cap it is much less likely that the foundations would penetrate the cap
resistive layer(s) than for a 1 m thick cap. While these layer(s) are intact they would provide
significant additional attenuation of Rn-222 gas, so limiting Ra-226 in the top 1 m of disposals may
be significantly cautious.
e) Meaning and Implications of a Thicker Cap
Options B and D assume a thicker cap which reduces the maximum amount of waste that could
reasonably be exposed by inadvertent human intrusion. If a 3 m thick cap was constructed over the
whole site, Sellafield Ltd has calculated it would reduce the volumetric capacity of CLESA by up to
20%. The detriment of this reduction in volumetric capacity could outweigh the benefits of higher
limits for the shallowest disposals. Alternatively, if Sellafield Ltd could obtain planning permission to
increase the cap height by 2 m, then the volumetric capacity of CLESA would be unchanged. It
should also be noted that a 3 m thick cap will require significantly more clean capping materials to
be brought onsite compared to a 1 m thick cap, and will incur additional costs. It may also incur
additional environmental impacts associated with sourcing the materials and during cap
construction.
Sellafield Ltd recognises that the relevant planning permissions would have to be in place before
any changes to the disposal limits, so that actions would not be taken now based on premises that
might not be realised in the future.
For Option B it could be argued that a 5 m deep intrusion event is much less likely to occur on the
side slopes of the cap compared with the relatively flat top area. Similarly for Option D, a house is
much more likely to be built on the top of the cap than the side slopes. Therefore, it could be
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argued that the thicker cap would only be required over the relatively flat area at the top of the cap.
This would reduce the impact on the volumetric capacity of the site.
Another consideration is that the existing disposals are already building up the profile of the side
slopes consistent with a 1 m thick cap. This material would need to be moved if a thicker cap was
to be placed over the entire site. Moving the existing disposals might not be ALARP.
All of the options involve more stringent activity limits for the shallowest disposals. It is noted that,
based on the 2Y57 fingerprint, the existing disposals that are building up the profile of the side
slopes are consistent with all of the options. (Using the 2Y57 fingerprint, for Option A, the Sum of
Fractions for Cs-137 and Ra-226 is 0.70, and the activities of other alpha + beta and other alpha
are below the proposed limits).
Table 40. Options for future disposal limits
Option

Average Alpha
+ Beta in a
consignment*

Average Alpha in
a consignment*

Maximum
Beta in a
hotspot / on
a surface

A

Main body of the
site:
200 Bq/g
In the top 4 m of
disposals:
SoF Cs-137 +
Ra-226 = 0.8
Other alpha +
beta : 80 Bq/g
Main body of the
site:
200 Bq/g
In the top 2 m of
disposals:
SoF Cs-137 +
Ra-226 = 0.8
Other alpha +
beta : 160 Bq/g

Main body of the
site:
200 Bq/g
In the top 4 m of
disposals
Other alpha: 20
Bq/g

40,000 Bq/g
SoF alpha +
beta < 1

Main body of the
site:
200 Bq/g
In the top 2 m of
disposals
Other alpha: 40
Bq/g

40,000 Bq/g
SoF alpha +
beta < 1

Main body of the
site:
200 Bq/g

Main body of the
site:
200 Bq/g

40,000 Bq/g
SoF alpha +
beta < 1

In the top 3 m of
disposals:
200 Bq/g

In the top 3 m of
disposals:
Ra-226: 0.35 Bq/g

Main body of the
site:
200 Bq/g
In the top 1 m of
disposals:
200 Bq/g

Main body of the
site:
200 Bq/g
In the top 1 m of
disposals:
Ra-226: 5.6 Bq/g

B

C

D

Maximum
Alpha in a
hotspot /
on a
surface
1,700 Bq/g
SoF alpha +
beta < 1

Notes

1 m thick cap.
HI cases limit alpha and
Ra-226 in the top 4 m.

1,700 Bq/g
SoF alpha +
beta < 1
3 m thick cap, calculation
assumes same volumetric
capacity for waste.
HI cases still limit alpha
and Ra-226 in the top 2
m, but are less limiting
than A.
1,700 Bq/g
SoF alpha +
beta < 1
Argue that intrusion
through the cap is too
unlikely as a basis for
WAC, except for borehole
intrusion.
Rn-222 gas becomes the
limiting factor.

40,000 Bq/g
SoF alpha +
beta < 1

1,700 Bq/g
SoF alpha +
beta < 1
As C, but with a 3 m thick
cap.

* A consignment is defined as a single vehicle load.
SoF = Sum of Fractions (unitless).
Other alpha + beta = all radionuclides except Cs-137 and Ra-226.
Other alpha = all radionuclides except Ra-226.
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8.2.1

Comparison with Other Sites and Background
The outline options for radionuclide activity limits are broadly comparable with other sites receiving
LA-LLW, e.g. Clifton Marsh and Kings Cliffe, which have disposal limits of 200 Bq/g.
However, there are important differences between these two sites, and with CLESA, on the basis
for these limits, and how disposals are managed to ensure the radiological capacity is not
exceeded. These include:
•

The extent to which the wastes are diluted as a result of co-disposal with non-radioactive
wastes, and buried under non-radioactive wastes.

•

The thickness of the cap.

•

The models used to calculate potential doses.

•

Application of the 200 Bq/g limit as a maximum activity limit (Clifton Marsh; Eden, 2010)
and an average activity limit within a consignment, with a separate maximum activity limit
(Kings Cliffe; Mitchell, 2015).

•

Constraints on specific radionuclides including annual disposal limits (Clifton Marsh), and
maximum activity limits (Kings Cliffe).

•

Tracking use of the radiological capacity for individual radionuclides over time, to ensure
the radiological capacity is not exceeded by using limits based around an assumed
average waste fingerprint.

Therefore, this consistency can only be used to build confidence that the outline options for
increased disposal limits for CLESA are not unreasonable.
a) Specific Controls on Ra-226
Stringent control has been proposed on shallow disposals of Ra-226 at CLESA and this is
consistent with other sites. Both the Clifton Marsh and Kings Cliffe safety assessments consider
post-construction occupancy and smallholding intrusion events, and assess them using the
SNIFFER model. The results of these calculations limit the radiological capacity for Ra-226 due to
doses from Rn-222 gas in a house built on excavated wastes. Clifton Marsh imposes a lower
annual disposal limit compared with other alpha radionuclides, and a limit of 5 Bq/g in the top 5 m
of disposals is imposed at Kings Cliffe.
At Clifton Marsh 2% by volume of disposals is radioactive waste, potentially increasing to 7% in the
future. The annual disposal limit for Ra-226 is 6.0E9 Bq/y assuming 11 more years of disposals.
Assuming the site receives another 2.5E6 m3 of radioactive and non-radioactive waste, and the
density is 1500 kg/m 3, this gives an average concentration of 0.018 Bq/g. If 7% of the waste is
radioactive waste, the concentration in the radioactive waste is 0.26 Bq/g.
At Kings Cliffe the limit of 5 Bq/g is based on dose from Rn-222 to a person occupying a house
built on excavated wastes. The calculation assumes a 5 m deep excavation, 2.6 m thick cap, and
20% of the wastes are radioactive wastes. Taking the limit of 0.35 Bq/g Ra-226 proposed for
Option C above, and scaling it by a factor of ~2 (to account for the thicker cap) and then 5 (to
account for the proportion of non-radioactive wastes) gives 3.5 Bq/g, which is similar.
The LLWR human intrusion models (Hicks and Baldwin, 2011) have been used to assess the postconstruction occupancy and smallholding intrusion events for CLESA. There are differences in the
conceptual models and parameterisation compared with SNIFFER and these lead to a lower
activity limit for Ra-226, with indoor external irradiation and ingestion being more limiting than
inhalation of Rn-222 gas (Table 8.4 in Hicks and Baldwin).
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LLWR Repository Ltd have used the results of their human intrusion calculations to set more
stringent disposal limits for upper stack positions in the vaults (LLWR, 2011b). The limit proposed
in Option A leads to a maximum Ra-226 activity of 0.06 Bq/g. This is half the limit LLWR applies to
upper stack positions, with the difference being due to a 1 m cap at CLESA and a 3 m cap at
LLWR.
RP122 (Part II) (European Commission, 2002) gives clearance levels for NORM wastes. A
clearance level of 0.5 Bq/g is derived for Ra-226, based around a limiting dose of 300 μSv/y with
the limiting pathway being occupancy of a house constructed using materials containing NORM
wastes. Scaling this result to a dose of 3 mSv gives a clearance level of 5 Bq/g. However, it is
noted that the calculation assumes the NORM is diluted by mixing with other building materials,
and only doses due to external irradiation are accounted for. A check is made to confirm that at the
5 Bq/g level the Rn-222 concentration in indoor air would not exceed 200 Bq/m 3. (An air
concentration of 200 Bq/m 3 would give a dose of 5 mSv for the habits assumed in the LLWR ESC:
Limer and Thorne, 2011).
Overall, it is concluded that the options for specific limits for shallow disposals of Ra-226 to CLESA
are broadly consistent with other sites. Option A is the most restrictive option and would constrain
Ra-226 concentrations to being only slightly above background. BNFL (2004) reports the
background activity of Ra-226 in the local soils as 0.009 to 0.025 Bq/g. In comparison, for
Option A, a Ra-226 concentration of 0.06 Bq/g would give a SoF of 0.8, without any contribution
from Cs-137.
8.2.2

Other Sources
The GRA (EA et al., 2009) notes that:
“…if two or more separate disposal facilities present significant risks to the same
potentially exposed groups, consideration will need to be given to the combined risks to
relevant exposure groups. An unacceptably large total for the assessed risks from
different disposal facilities affecting the same exposure group at the same time could
indicate an unacceptably large assessed risk from one or more of the facilities taken
individually. This would require attention from the developer/operator and ourselves. We
would not accept an approach in which the assessed risks from multiple different
modules of the same disposal facility were put forward individually in order to show that
each module, taken alone, presented a risk consistent with the risk guidance level”.
The potential impacts of other sources need to be considered for two of the cases used to define
the radiological capacity of CLESA:
•

Reference case groundwater seeps; and

•

Reference case coastal erosion.

These are the cases where the radiological capacity is controlled by the total site inventory, and
therefore could potentially be affected by the presence of other sources.
a) Reference Case Groundwater Seeps
Groundwater seeps to the foreshore in front of CLESA could contain combined activity from
CLESA, the Calder Landfill Extension and other sources inland of the tips. The CLESA radiological
capacity calculated for this pathway does not take these other sources into account. Therefore, it is
important that a sufficient fraction of the radiological capacity is not used to account for these other
sources.
The original PCRSA (Nexia, 2006) also undertook PCRSA calculations for the Calder Landfill
extension, which had a disposal limit of 3.7 Bq/g alpha + beta. Doses from drinking groundwater
seeps were approximately an order of magnitude lower than for CLESA. Even if the CLESA
disposal limit was increased to a maximum of 200 Bq/g alpha + beta in a consignment, a significant
fraction of the radiological capacity would be unused; although as noted previously the site should
also be careful not to accept multiple disposals containing significant quantities of I-129 or other
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mobile long-lived radionuclides. This remaining radiological capacity would be sufficient to
accommodate the additional radionuclide flux from the Calder Floodplain Landfill.
Although there is radiologically contaminated land up-gradient of CLESA, there are no major
sources of contamination, and groundwater radionuclide concentrations on the up-gradient
boundary of CLESA are low. Therefore, it is unlikely that these other sources of contamination
would add significantly to the radionuclide flux from CLESA.
More highly contaminated areas of ground and groundwater exist below the Sellafield site, in
particular below Separation Area. These sources will also lead to discharge of radionuclides in
seeps to the foreshore on the Sellafield site frontage. The assessment calculations for CLESA
assume that the PEG obtains all their water from seeps on the CLESA site frontage, and none from
other locations. If the PEG also consumed water from the seeps on the Sellafield frontage, the
volume consumed from the CLESA frontage would be lower, so the dose due to disposals to
CLESA would be reduced.
It is possible that drinking some water from seeps on the CLESA frontage and some water from
seeps on the Sellafield frontage could lead to a higher dose than for CLESA alone. For example,
the original PCRSA calculated that risks associated with drinking contaminated water from a well
located on the site boundary are an order of magnitude higher for the whole Sellafield site than for
CLESA (Table 31 in Nexia, 2006), and we would expect well risks to be proportional to risks from
drinking groundwater seeps. However, this is uncertain because there are multiple sources on the
Sellafield site that could result in radionuclide discharge to different areas of the Sellafield site
frontage at different times. It is therefore argued that even with a 200 Bq/g alpha + beta limit, a
fraction of the CLESA radiological capacity will remain to help accommodate these other sources.
If groundwater discharges from Sellafield are much greater than those from CLESA, CLESA
disposals will not add significantly to the overall Sellafield site risks.
Overall, increased disposal limits unlikely to result in unacceptable impacts from Sellafield as a
whole.
b) Reference Case Coastal Erosion
The Calder Floodplain Landfill could erode at the same time as CLESA, and the Recreational PEG
could be exposed to both sources at the same time. Even if the CLESA disposal limit was
increased to a maximum of 200 Bq/g alpha + beta in a consignment some of the radiological
capacity would be unused. This remaining capacity would be sufficient to accommodate the
additional radionuclide flux from the Calder Floodplain Landfill, which had a disposal limit of 3.7
Bq/g alpha + beta.
The South Landfill has a disposal limit of 37 Bq/g alpha + beta and might also be eroding at the
same time as CLESA. However, it is located on the other side the Calder estuary from CLESA, so
unless there is a crossing, it is likely that a person regularly spending time on the Sellafield beach
would spend less time on the Seascale beach, and hence on the CLESA frontage, and vice-versa.
In any case, there is likely to be sufficient remaining radiological capacity to accommodate doses
from the South Landfill.
8.2.3

Application of Limits and Limitations
All four options prescribe an average activity limit in a consignment. It is proposed that a
consignment is defined as one vehicle load. There would be no restrictions on where vehicle loads
could be deposited (other than the more stringent disposal limits proposed for the shallowest
disposals) or on successive vehicle loads.
An alternative approach would be to define a consignment as a number of vehicle loads from the
same project, or from a combination of projects. However, averaging over a number of
consignments increases the risk of clustering of higher activity disposals in the site. This could lead
to higher than calculated impacts, in particular if there was clustering of higher activity disposals at
the top of the site, immediately underlying the cap. Therefore this approach is rejected.
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All four options include maximum activity limits for soil/spoil containing hotspots or
decommissioning wastes with surface contamination (bricks, concrete, etc.) within a consignment.
The Pile 1 wastes (Sellafield Ltd, 2016b) could be accommodated within all four options. A second
reason for not averaging across vehicle loads is that this increases the potential for many deposits
of higher activity wastes in the site. If the site ended up with a mix of wastes similar to the existing
disposals, plus a large amount of decommissioning wastes with higher activity surfaces, the
arguments around the potential frequency of exposure to such wastes during erosion of the site
could start to break down. The consequence of this is that the maximum activity limits for hotspots /
surface contamination would have to be lower.
The updated PCRSA sets out an important performance requirement for the closure engineering,
which is, the risk of bathtubbing of the site is low. This may be achieved through a combination of
cap performance and passive drainage measures. Although calculated risks from cap failure
leading to bathtubbing are below the regulatory guidance level, alternative assumptions could lead
to higher calculated risks, and it is contrary to the disposal concept for leachate to discharge to the
surface and shallow soils around the cap perimeter. With an activity limit of 200 Bq/g, doses to
biota due to bathtubbing could approach the level where the impacts are potentially unacceptable.
In addition to bathtubbing, rapid degradation of the cap would lead to higher radionuclide fluxes in
groundwater. This could lead to higher doses from drinking groundwater seeps, but this would also
depend on the rate and timing of cap degradation.
It is important to note that the implications of increased disposal limits for doses to CLESA
operators, discharges during the operational phase, and impacts during the period of institutional
control are outside the scope of the PCRSA. They have been assessed by Towler et al. (2017). It
should also be noted that the proposed limits are based around a specific waste fingerprint. If the
actual mix of radionuclides deviates significantly from the fingerprint, there is a risk that radiological
capacity could be exceeded. This is no different to the risks associated with the current total alpha
+ beta and total alpha disposal limits. However, as the limits are increased, the potential
consequences of exceeding the limits increase; although, they are still likely to be low, as the
maximum proposed average activity limits are equal to the upper limit of 200 Bq/g for LA-LLW.
Lower activity limits have been proposed for the shallowest disposals, and a simplified Sum of
Fractions approach has been suggested as one option to manage disposals of Cs-137 and
Ra-226. This aims to make best use of the radiological capacity, while ensuring it is not exceeded.
In addition, it has been proposed that the site should also be careful not to accept multiple
disposals containing significant quantities of mobile long lived radionuclides, in particular I-129.
Qualitative assessment, periodic review, and similar approaches could be used to ensure this is
achieved. Alternatively use of the site radiological capacity could be tracked for I-129 and other
radionuclides with relatively low radiological capacities.
The updated PCRSA indicates the site could safely receive decommissioning wastes such as
concrete blocks where contamination is present on the surface of the block. It is proposed that
such blocks should be placed with their contaminated surfaces facing downwards where possible.
This will minimise doses to the site operators and will also reduce the potential for exposure in the
event of inadvertent human intrusion. Sellafield Ltd are currently developing and updated
emplacement strategy (Riley, 2017) that would support disposal of wastes with higher activities, if
disposal limits are increased.
The nature of any decommissioning wastes should be kept under review to ensure they would not
promote more than casual close examination when they become exposed on the beach. For
example, this might include a person regularly sitting on a block whilst fishing. Such cases might be
regarded as too unlikely to be a suitable basis for setting disposal limits.
8.2.4

Preferred Option
In Section 8.2, four options for future disposal limits were presented. A key question is whether the
site occupancy and smallholder cases considered by LLW Repository Ltd are an appropriate basis
to set future disposal limits for CLESA, or are they too cautious given the small footprint of CLESA,
and the reasonably steep side slopes? If the site occupancy and smallholder cases are used to set
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future disposal limits this leads to lower limits for shallow disposals compared with the main body of
the site.
Section 8.2 also noted that even if such intrusion events are considered plausible for the relatively
flat area at the top of the cap, they are less likely to occur on the reasonably steep side slopes of
the cap. Therefore, should the lower limits only apply at the top of the site, and not to the side
slopes?
Following consideration of these issues, Sellafield Ltd’s approach is to:
•

Cautiously assume these intrusion events could occur, and therefore adopt Option A.

•

However, lower activity limits would only be applied at the top of the site. A 5 m deep
intrusion event, for example to build a septic tank, is very unlikely on the side slopes, so
lower activity limits would not be applied to the side slopes. The concept is illustrated in
Figure 36.

It is noted that if these intrusion events are excluded as being too unlikely, the potential doses from
Rn-222 gas to the occupant of a house would still require a lower activity limit for shallow disposals
of Ra-226: for example, as considered in Options C and D in Table 33. However, it is also very
unlikely that a house would be built on the side slopes, so a lower activity limit is not required for
Ra-226 on the side slopes.
The zone illustrated in Figure 36 would be practical for site operatives to implement.

Figure 36. Illustration of the zone (blue) in which lower activity limits would be applied to the
top 4 m of disposals, consistent with Option A. (Not to scale).

In summary, the new disposal limits could be:
•

Consignment activity limit:
o

Main body of the site:
§

o

200 Bq/g.

Top 4 m of the site (Figure 36):
§

SoF for Cs-137 and Ra-226 for site occupier / smallholder ≤0.8.
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•

§

The radiological capacity for Cs-137 is 75 Bq/g, so the maximum activity of
Cs-137 is 0.8 x 75 Bq/g = 60 Bq/g.

§

The radiological capacity for Ra-226 is 0.07 Bq/g, so the maximum activity
of Ra-226 is 0.8 x 0.07 Bq/g = 0.06 Bq/g.

§

Other alpha + beta (i.e. alpha + beta excluding Cs-137 and Ra-226) 80
Bq/g.

§

Alpha 20 Bq/g.

Surface contaminated blocks / bricks and hotspots:
o

40,000 Bq/g beta, 1,700 Bq/g alpha, with SoF alpha + beta ≤1.

o

Large blocks with an average activity exceeding the consignment activity limit
would not be accepted.

o

Separate limits are not required for the top 4 m of the site.
§

An additional calculation confirmed that 1 hr spent casually inspecting
blocks exposed by inadvertent human intrusion at the end of the period of
institutional control would not lead to doses greater than 20 µSv. Doses to
site occupants and smallholders are not changed by the presence of
bricks / blocks as they depend on the bulk activity of the waste.

It is noted that these proposed disposal limits are based on the PCRSA fingerprint, and it will be
important to keep disposals under review to maintain confidence that actual disposals are not
deviating significantly from the PCRSA fingerprint.
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9.

CONCLUSIONS
The original PCRSA has been reviewed and a number of updates have been made including
updated conceptual and assessment models, data, and radiological capacity calculations. The
updates build further confidence in the updated PCRSA by taking into account:
•

The activity in the disposals to date and monitoring results;

•

Changes in knowledge about the site and the surrounding region;

•

Changes in understanding about potential future climate and landscape change;

•

The development of updated assessment approaches and methodologies; and

•

Issues and learning from the LLWR 2011 ESC.

PCRSA calculations for other LA-LLW sites have also been taken into consideration, including
Clifton Marsh and Kings Cliffe. The depth of analysis is consistent with, or greater than that
undertaken for these other LA-LLW sites.
The LLWR 2011 ESC has been a particular influence because of the similar site setting, and
because it has led development of approaches for assessing the impacts of coastal erosion,
including the potential impacts of any relatively active particles that may be present in, or
generated from, the wastes. However, the differences compared with LLWR have also been
appropriately recognised. These updates mean this updated PCRSA is consistent with current best
practice. The depth and breadth of assessment is proportionate to the potential hazard associated
with the current disposal limits, and any proposals for increases to the disposal limits in the future,
that remain consistent with the disposal concept.
The updated PCRSA results show that the existing disposals to CLESA and current disposal limits
remain consistent with regulatory criteria. An assessment of the radiological capacity has shown
that there is scope to safely increase the disposal limits. Radiological capacity calculations show
that if future disposals have an activity of 200 Bq/g and a fingerprint similar to the PCRSA
fingerprint, only a fraction of the radiological capacity for alpha + beta would be used. Also for the
PCRSA fingerprint, if there is no beta then the maximum limit for alpha would be significantly
higher. Therefore, it is concluded there is sufficient radiological capacity to only require a single
disposal limit of 200 Bq/g alpha + beta. A separate limit is not required for alpha.
A number of options for new disposal limits have been proposed, all of which involve moving to an
average activity limit of 200 Bq/g for a consignment (a single vehicle load), for disposals to the
main body of the site. A higher maximum activity limit is proposed for hotspots within a
consignment or surface contaminated decommissioning wastes within a consignment (40,000 Bq/g
beta and 1,700 Bq/g alpha). This means that the site could safety receive decommissioning wastes
where the volume average activity is up to 200 Bq/g, but the peak activity is above 200 Bq/g
because it is confined to the surface of the waste item (e.g. concrete block).
12

New disposal limits may need to be lower for the shallowest disposals than for the main body of
the site, but for most radionuclides they could still be higher than the current limits. Exceptions are
future shallow disposals of Cs-137 and Ra-226, which may need to be more tightly controlled than
at present.
For the shallowest disposals, four options for disposal limits have been described and discussed.
These have been termed options A to D, with Option A being the most restrictive and Option D the
least restrictive. The differences between the options are the disposal limits, the depth to which the
limits need to be applied, and the controls that may be required to ensure the limits are met. Option

12

The shallowest disposals are those that will immediately underlie the final cap.
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A would constrain Ra-226 concentrations to being only slightly above background. For Options A
and B, a Sum of Fractions approach has been suggested to manage shallow disposals of Cs-137
and Ra-226.
The different options reflect uncertainties in the safety assessment, and whether certain
inadvertent human intrusion calculation cases are an appropriate basis to set limits, or if they are
too cautious and should be more appropriately treated as ‘what-if?’ calculations. They also include
the option to use a thicker cap to help reduce the impacts of human intrusion, but this could reduce
the volumetric capacity of the site, unless planning permission can be obtained to increase the
height of the cap.
Existing shallow disposals are consistent with the all the options.
Sellafield Ltd’s preferred approach is to pursue Option A, but only apply tighter limits to disposals at
the top of the site, where the risk of intrusion is greatest. The tighter limits would not be applied to
the side slopes where the risk of intrusion is lower.
Qualitative assessment, periodic review, and similar approaches should be used to make sure
CLESA does not regularly receive disposals containing significant quantities of mobile long-lived
radionuclides, in particular I-129. This applies to both the main body of the site and the shallowest
disposals.
The updated PCRSA sets out an important performance requirement for the closure engineering,
which is, the risk of bathtubbing of the site is low. This may be achieved through a combination of
cap performance and passive drainage measures. Although calculated risks to humans from cap
failure leading to bathtubbing are below the regulatory guidance level, alternative assumptions
could lead to higher calculated risks, and it is contrary to the disposal concept for leachate to
discharge to the surface and shallow soils around the cap perimeter.
Issue 1 of the updated PCRSA was reviewed by the EA. Responses to the EA’s comments were
provided to the EA in a Technical Note. The responses were then incorporated into Issue 2 of the
updated PCRSA, i.e. this document. In parallel with the process of writing Issue 2, the EA issued
Sellafield Ltd a permit variation with new disposal limits (EA, 2017). The discussion of options for
new disposal limits, as summarised above, has been retained in Issue 2, to maintain the audit trail.
The new disposal limits are:
•

Solid waste, averaged over a consignment (single vehicle load), not exceeding 200 Bq/g.

•

Ra-226 activity concentrations in the top 3 metres of disposals in the top plane of the
facility shall not exceed 0.35 Bq/g.

•

The activity of hotspots within a consignment shall meet this requirement:
o

(α / 1,700) + (β / 40,000) < 1

o

Where:

o

α is the total surface alpha activity (Bq/g)

o

β is the total surface beta/gamma activity (Bq/g)

These revised limits are subject to Sellafield Ltd completing the pre-operational measures specified
in the permit variation. They equate to Option C in this report, with Ra-226 only being restricted in
the top plane of the facility.
Sellafield Ltd are currently developing an updated emplacement strategy that will support disposal
of wastes with higher activities. In addition, a closure plan for CLESA will be developed. This will be
reviewed annually to determine whether it needs to be updated. A justification will be made and
recorded whether or not an update is required. This review might be part of the Annual
Performance Review.
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