
�0

Cost Benefit Analysis for Remediation  
of a Nuclear Industry Landfill 

T. Parker, P. Hardisty F. Dennis, M. Liddiard 
WorleyParsons Komex UKAEA 
�-� Redcliffe Parade West Dounreay 
Bristol, BS� �SP Thurso 
ENGLAND Caithness 
, KW�� �TZ, SCOTLAND 

ABSTRACT 
An old landfill site, licensed to receive inert construction waste, is situated on the top of hard rock cliffs adjacent to 
the sea at the Dounreay nuclear facility in Scotland.  During restoration and investigation work at the landfill, 
radioactively contaminated material and asbestos was identified.  UKAEA subsequently investigated the feasibility 
of remediating the landfill with the aim of removing any remaining radioactive or otherwise-contaminated material. 
The cost of landfill remediation would be considerable, making Cost Benefit Analysis (CBA) an ideal tool for 
assessing remediation options.  The overall conclusion of the CBA, from a remedial decision making point of view, 
is that the remediation objective for the landfill should be to reduce any impacts to the current receptors through a 
comprehensive pathway control scheme.  This would be considerably less expensive than even a limited source 
removal approach.  Aggressive source removal objectives are not likely to be economic, even under the most 
conservative assumptions.  A natural monitored attenuation approach will not be economic.  All remediation options 
are considered assuming compliance with the existing regulatory requirements to monitor and cap the landfill before 
and after closure. 

1.0 INTRODUCTION 
During the restoration and investigation work at the northern edge of the landfill, closest to the sea and where 
original deposition occurred in the ���0s to ���0s, radioactively contaminated material was identified and removed.  
The Scottish Environment Protection Agency (SEPA) suggested that action regarding unauthorised disposal of 
radioactive material could be brought against the United Kingdom Atomic Energy Authority (UKAEA).  Asbestos 
was also discovered in previous work and removed when found.  The asbestos discovered is most likely the result of 
historical disposal carried out in the ���0s and ���0s before introduction of the relevant UK legislation.  Asbestos 
should not have been deposited under the terms of the licensing arrangements, first instigated in ����.  During 
remediation feasibility studies, it became obvious that the cost of landfill remediation would be considerable, 
making cost benefit analysis (CBA) an ideal tool for assessing remedial options (Hardisty and Ozdemiroglu, �00�).  
CBA allows the overall benefits of remediation to be compared with the costs.  The Environment Agency for 
England and Wales developed guidance on cost-benefit analysis with WorleyParsonsKomex (Komex and Eftec, 
�000).  The application of CBA to remediation is based on explicit use of the three main levels of remediation 
decision making: �) Remediation/risk management objective setting; �) Remediation approach (strategy) analysis; 
and, �) Remediation technology selection.  The guidance meets the duty of the Scottish Environment Protection 
Agency (SEPA) to consider the likely costs and benefits of remediation before making any final decisions on 
enforcement.  It also provides a framework for negotiation between SEPA, the licence holder and other stakeholders 
during site decommissioning, scheduled for completion in �0�� (at the time of this CBA site decommissioning was 
scheduled for �0�0 completion).  The duty to consider likely costs and benefits of remediation is reinforced by 
SEPA’s commitment to sustainable development.   

2.0 RISK BASED APPROACH 
A remediation approach is defined in the Environment Agency guidance as a strategy for achieving an objective, 
which could involve one or several technologies, but which focuses on breaking the SPR (source-pathway-receptor) 
linkage, by either eliminating or reducing the source, cutting or impeding the pathway, and/or removing or 
protecting the receptor(s).  SPR linkages form the basis of any risk assessment. 
Work at the site done to date had indicated that most of the landfill consists of soil, clay, brick, concrete, plastic, 
wood, lead pipes, metal, and cables.  Chemical characterisation suggested landfill material is typically chemically 
inert demolition waste.  The low level and isolated spots of radioactive contamination found within the landfill mass 
suggested that inadvertent depositions had occurred in the past.  Asbestos contamination had been identified in 
isolated areas of the landfill.  It is not clear when the asbestos was disposed of to the site, and may have occurred 
prior to the now strict controls in place regarding the management, handling and disposal of asbestos.  The original 
source of these contaminants is not known and therefore the remaining material had to be viewed from a worst-case 
perspective as being a potential source of radiological and non-radiological contamination.   
A qualitative risk assessment identified likely source-pathway-receptor (SPR) pollutant linkages that existed in 
connection with radioactive contaminated material at the landfill now, during remediation, and after remediation, 
and their probability of occurrence.  For the purposes of the qualitative risk assessment the significance of 
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occurrence was assumed equal.  It is important to note that in the current landfill condition there is an insignificant 
long term risk to human health from the radioactive contamination in the landfill.  This statement assumes that no 
remediation occurs but institutional control is maintained for �00 years (i.e., inline with the time period in the site 
decommissioning plans).  �00 years represents approximately �0 half lives of the radionuclides on-site. 
A summary of the site conceptual SPR model is shown in Table �.  The qualitative risks are listed in Table �, below: 

Table 1:  Summary of Potential Source, Pathways and Receptors 
Source Pathways Receptors

Process Exposure Pathway 
Total bimodal 
inventory 
Quasi-uniform
inventory  
Modified
pessimistic 
inventory 
Thoria mound 

Infiltration and 
groundwater transport 
to coast 
Upward transfer of 
radionuclides into soil 
Erosion of landfill into 
the sea 
Sea spray onto soil 
Generation of radon gas 

External radiation from seawater  
Ingestion of fish and seafood harvested from 
contaminated sea 
Ingestion of livestock and products raised on 
contaminated soil 
Ingestion of crops grown on contaminated soil 
Inhalation of radon gas accumulating indoors 
Inhalation of aerosols from sea 
Inhalation of dust from soil 
External radiation from soil 

Groundwater
Fishermen
The land 
Workers in adjacent fields 
Vegetation
Fishermen on foreshore 
Fishermen on landfill 
(post institutional control) 

Table 2:  Qualitative Risk Ranking (Probability) 
RECEPTOR PATHWAY SOURCE Probability 

Now 
Probability 

During 
Remediation 

Probability After 
Remediation 

Groundwater  Recharge from rainfall Landfill Possible Likely Unlikely (residual 
contamination) 

Sea Discharge from 
groundwater 

Landfill  Possible Likely Unlikely (residual 
contamination) 

Vegetation Dust from soil Landfill  Possible Likely Not possible 
Animals Dust from soil and 

vegetation consumption 
Landfill  Possible Likely Not possible 

People
adjacent to 
landfill 

Dust from soil and 
vegetation and animal 
consumption 

Landfill  Possible Possible Not possible 

3.0 REMEDIATION OPTIONS REVIEW 
The conceptual framework of radiological protection recommended by the International Commission for 
Radiological Protection (ICRP, ���0), which is endorsed in the UK (National Radiological Protection Board, ���0), 
suggests that potential remediation of the landfill is an ‘intervention’.  An intervention is designed to redress a 
situation where there is real or potential radiation exposure from a post-situation or practice – it reduces radiation 
exposures.  The system of radiological protection recommended by ICRP for intervention is as follows: 
�. The proposed intervention should do more good than harm. That is to say the reduction in detriment resulting 

from the reduction in dose should be sufficient to justify the harm and the costs, including social costs, of the 
intervention (justification of intervention).  

�. The form, scale and duration of the intervention should be optimised so that the net benefit of the reduction in 
dose - that is, the benefit of the reduction in radiation detriment, less the detriment associated with the 
intervention, should be maximised (optimisation of intervention).  

Several possible and rational remediation objectives meeting the requirements for ICRP intervention were 
compared.  By definition these included objectives that remove the amounts of asbestos and radiological material 
from the landfill body.  As another boundary condition to the analysis, the costs and benefits of a monitored natural 
attenuation approach for the radiological material, involving no direct remediation action, was also calculated. 

3.1 Remediation Objective Setting 
A short-list of reasonable remediation objectives was compiled for each of the SPR risk linkages identified in Table 
�.  In the nomenclature of the Environment Agency guidance, the possible remediation objectives for any SPR 
linkage are limited to six categories:  A - Protect potential receptor from future impact; B - Reduce impact to current 
receptor; C - Eliminate impact to current receptor; D - Remove all contamination; E - Remove contamination to set 
level; and F - No action / institutional management. 
In the case of the landfill, vegetation, animals, groundwater, the sea and people adjacent to the landfill are defined 
current receptors.  Reducing potential impact to groundwater and the sea (reducing recharge and groundwater flux) 
would be objective B.  Actions to remove the sources of radioactive contaminants would classify as objectives D 
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and E, with removal of all contamination being objective D.  Objective F would be maintaining the status quo, under 
a managed regime of careful monitoring.   

3.2 Constraints Analysis
Constraints to remediation can take many different forms.  Time pressures, physical limitation on placement of 
equipment, technological limitations, land ownership and property access constraints, are just some of the issues that 
could affect the selection of remediation objective.  Also, some objectives, such as elimination/reduction of all 
contamination from the landfill and groundwater, may be technologically infeasible, even if unlimited funds were 
available.  Constraints can be generally categorised as temporal, physical, and technological and their bearing on the 
landfill is discussed below:   

It was assumed that there are no time constraints on remediation activity at the site.  Any anticipated 
remediation activity can take place over an extended period, without hampering site activities. 
There are no significant physical constraints in terms of the source term because it is on site and accessible.  
There are some physical constraints in accessing the pathway because the immediate down-gradient area is the 
foreshore.  In relation to receptor constraints, the surrounding land is owned by UKAEA (though leased to a 
farmer). 
There are no technological constraints because any of the possible objectives can be met with existing 
technology.

3.3 Remediation Approach Short-List 
By using relative cost, the short-list of approaches for further analysis can be reduced, simplifying the analysis.   

Table 3:  Remediation Approach Alternatives 
Designation Approach Description Relative Cost Advantages/Disadvantages
Source methods
S� Remove and sort radioactive and non-

radioactive contamination from landfill (full 
volume of landfill) 

Very High Disturbance due to large scale works, difficulty in 
disposal.
Licensing requirements for offsite disposal and 
associated environmental impact to alternative site. 

S�P Partial removal of contamination from 
landfill (minimise removal through further 
Site Investigation (SI) 

Moderate to 
High

Post-remediation monitoring required; Disturbance 
due to large scale works, difficulty in disposal 

Pathway methods
P� Soil and mesh cap  Low Unlikely to be acceptable to satisfy requirements of 

Waste Management License (WML) surrender. 
Increases landfill volume.  Prohibits future 
landfilling. 
Landfill remains contaminated.  Groundwater still 
contaminated.  Long term O&M needed. 

P� Synthetic and clay cap to reduce recharge and 
dust generation 

Low to 
Moderate

Landfill remains contaminated.  Groundwater still 
contaminated.  Long term O&M needed. 
Attenuation will occur with time reducing activity 
level. 

P� Synthetic and clay cap  (P�) + Capture and 
Treat contaminated groundwater before it 
leaves site.   

Moderate to 
High

Landfill remains contaminated. 
Groundwater still contaminated.  Long term O&M 
required. 

Receptor Methods
R� Capture and Treat contaminated groundwater 

before enters the sea.  Cap landfill to prevent 
dust

Moderate to 
High

Landfill remains contaminated.  Long term O&M 
required. 
Physical constraint on foreshore. 

Institutional Management 
MNA No remedial action, monitor groundwater 

and dust with SEPA approval (assumed) 
Low to 
Moderate

Does not address threat of litigation. 
Does not actively remediate landfill to any degree. 
Most unlikely to satisfy requirements of the WML. 

In total, only six remediation approaches were found worthy of more detailed analysis by CBA for this site.  Using a 
receptor approach for the sea (approach R�) was not taken further due to the physical constraints of working on the 
foreshore.  If one particular remediation approach is the clear choice for achieving the objective due to particular 
considerations at the site, or because of specific regulatory requirements for action, it is selected.  In this case, costs 
and dis-benefits of the various approach options were similar and it was not possible to eliminate any of them until 
higher-level cost functions were applied. 
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4.0 IDENTIFICATION AND VALUATION OF READILY QUANTIFIABLE BENEFITS 
Analysis indicates that there are only three main readily-monetised benefit categories, if the damage avoided 
concept is followed.   

4.1 Impacts On Groundwater And Surrounding Lands  
For valuation purposes, the perception of damage to the groundwater and ecosystems it supports, and to public 
health (which is not in reality affected), can be assumed to be reflected by a blight effect on property values in the 
neighbouring community.  This approach is supported by research by Gawande and Jenkins-Smith (�00�) and 
others who found substantial negative effects on property values in areas subjected to trans-shipment of radioactive 
wastes in the USA.  Payne, Olshansky and Segel (����) found a ��% difference between average selling price of 
homes located within a two mile radius of a low level radioactive waste site in the USA, to those outside a two mile 
radius.  Gamble and Downing (����) found a ��% reduction in house values located within � km of a nuclear 
reactor in the USA.  Hirshfeld et al, (����) found decreases in property values between ��% and ��%, depending on 
distance from a hazardous waste landfill in the USA.    A recent study for DEFRA (�00�) considered the disamenity 
costs of landfill in Great Britain.  The study considered ��,�00 landfill sites, and over half a million residential 
property transactions within � miles of those landfill, over the period ����-�000 inclusive.   Residential property 
prices were found to be negatively affected within � miles of landfills.  Across Great Britain, property values were 
found to suffer a �% reduction within 0.�� miles, decreasing with distance to a �% reduction between 0.� and � 
miles from the landfill, and 0.�% between � and � miles from the landfill.  In Scotland, however, impacts on 
property values were greater, decreasing ��% within 0.�� miles, �% between 0.� and � mile, and �.��% between � 
and � miles away.  The study did not include radioactive sites, but did note that in general the type of waste did have 
an effect on the level of disamenity. 
On this basis, blight on property value is estimated conservatively by assuming that all of the values of all of the ��0 
residential properties (estimated from �:�0,000 OS Map) within a � kilometre radius of the site are reduced by �0% 
(for the base case) or ��% (for the high case), because of the perception of damage and risk resulting from 
contamination within the landfill.  It is important to re-emphasise that it is not implied that this is the case, but rather 
that in constructing a conservative (worst-case) economic analysis, it is useful to purposefully over-estimate the 
economic value of perceived risks.  In this way, the analysis is biased towards justification of higher expenditure on 
remediation. 
To support the claim that land values in the area are not affected by the landfill contamination, during collation of 
the data for the site, interviews were conducted with a local Estate Agent and Land Surveyor and Valuer who have 
been practising in the community since ����.  The consensus was that there was no deleterious effect on house 
prices due to the presence of the site.  The estate agent suggested that houses in view of the site might take a bit 
longer to sell, but they would eventually sell at market rates.  They also suggested that there was no effect on either 
agricultural land (£�00 - £�000 per acre depending on quality) or housing (average house £�0,000 - £�00,000) from 
proximity to the site. 
However, it is also considered very likely that residential and other property values in the vicinity of the site are 
boosted by the presence of the facility itself, as a major source of jobs and revenue for the entire area.  Because the 
site is located in a relatively isolated location, and employs a significant number of people, it is the major source of 
economic activity in the area.  As such, its presence naturally drives up land values.  A direct effect is that the 
people who live in the area benefit economically from the presence of the active facility.  However, it can be readily 
assumed that once the facility closes down in �0�0, with the disappearance of jobs and economic activity generated 
by the facility, the positive effect on property values will disappear.  At this point (�0�0) the effect of blight and the 
presence of residual contamination at the site, will, all other things being equal, likely have a negative effect on 
property values in the vicinity of the site.   

4.2 Impacts On Surrounding Agricultural Lands And Production 
In a similar way as discussed above for residential property value blight, it was assumed that a similar range of 
blight factors can be placed on the value of agricultural lands in the vicinity of the landfill.  Local estate agents have 
provided a range of between £�00 and £�000 / acre for agricultural land in the area.  Using the same arguments as 
above, the blight is only expected to be realised once the facility shuts down, and ceases to contribute materially to 
the local economy.  The impacted area was assumed to be approximately ��00 acres, assuming �0% agricultural 
use.  For the sake of this analysis, the highest estimate of land value was used.  Again, �0% and ��% blight factors 
were used for the base and high cases. 

4.3 Coastal Value 
The benefits of coastal and marine resource protection in the strip of coast adjacent to the landfill can be represented 
by the loss in amenity value represented by public willingness to pay for access to the shoreline.  Numerous 
references are available in the literature describing the value placed upon shorelines, measured both as willingness 
to pay for visits to coastlines and beaches, and through direct measurement of payments for beach access.  No data 
were available from the Scottish Tourist Board or local agencies on numbers of beach-coastline visits in Scotland.  
The US Department of the Interior (����) measured damages to coastlines and marine resources by way of data on 
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payments received by the US park service for access to high-quality park-designated beaches in the US.  They 
determined a value of US$�0��/yr/m of beach impacted.  Clearly direct use of this figure in a benefits transfer 
approach would be highly conservative, considering that the beaches in the US study were high-quality beaches 
located in readily accessible parks.  If we assume a value of at most �% of the US study to account for the relatively 
poor quality and inaccessibility of the site, and assume a strip of coastline �00 m long, a total annual amenity value 
of approximately £��,000/year is estimated.   
Given that the site is situated in a relatively remote part of the UK, and that according to the Scottish Tourist Board, 
several other far more scenic and attractive coastal areas exist within a day’s drive, it was assumed that no tourists 
would visit the �00 m strip of coastline adjacent to the landfill.  For purposes of this benefits assessment, it was 
assumed that only persons living within the ��0 households within � km of the site would visit this particular strip 
of coastline.   
Penning-Roswell et al (����) examined the public’s willingness-to-pay (WTP) to visit beaches on the Southern 
coast of England.  WTP per visit varied between £� and £�, depending on the quality of the beach.   We assumed 
that two people from each household choose to visit this particular strip of coastline once each week from the 
beginning of May until the end of October, a total of ��00 visits annually (a conservatively high number).   Using 
the low range of the Penning-Roswell et al (����) values (poor quality beach), a WTP for access to the strip of coast 
adjacent to the landfill can be estimated as £ ��,�00/year.    
Using either estimate, the value placed on the damaged coastline is at the upper end of its likelihood.  Clearly this is 
unlikely, but goes to reinforce the fact that the estimate of coastline value is high, and thus contributes to tilting the 
resulting analysis in favour of the regulators, and towards a worst-case for the problem holder. .   

4.4 Benefits Not Monetised 
There are also some benefits that are not easy to monetise: 

Reductions in the possibility of legal action against the site owner (UKAEA), resulting in fines and legal costs 
averted.  These can be seen as having value to the property owner (UKAEA), but are difficult to 
quantify/monetise.  While these benefits would be very real to the problem holder, in a full economic analysis 
they are considered to be transfer payments, and thus would not be included.  The cost of fines paid by the 
problem holder would become benefits to the government, cancelling each other out. 
Reduction in the area of fishing waters foregone through enforcement of the marine exclusion zone at the site 
is not related to the landfill and is not included.   
Avoid perceived damage to human and ecological health in the neighbouring community as a result of 
prevention of non-compliant radioactive and asbestos discharges to the atmosphere and the sea.  As discussed in 
the risk analysis, there is insignificant long term risk to human health from the contamination in the landfill, 
based on currently available analysis.  It is clear however, that the public and the regulators are particularly 
sensitive to radioactive contamination and that a perception of damage may exist within those groups. 

All benefits need to be interlinked with the possible external costs (dis-benefit) of remediation (Hardisty and 
Ozdemiroglu, �00�).  For any excavation type remediation these will include: 

Generation of potentially radioactive and asbestos bearing dust.  Although the potential impacts of dust can be 
mitigated, there is an increased potential for exposure to atmospheric borne contamination. 
The segregated asbestos and low level radioactive waste will require transport and disposal (asbestos) at another 
landfill site or storage (low level waste) at another radioactive waste repository.  The environmental costs of 
this dis-benefit have been included in the financial analysis. 

4.5 Benefits Summary 
The base case assumes a planning horizon of ��0 years, the period during which UKAEA will maintain institutional 
control.  Remediation is assumed to start immediately (time zero).  A highly conservative (high) case is also 
provided in Table �.   

Table 4:  Benefits Summary 
BENEFIT CATEGORY Sum of Benefits over 

360 yrs (£M) Base Case 
Sum of Benefits over 

360 yrs (£M) High Case 
Groundwater and coastal/marine protection, as coastal 
amenity value 

0.�� �.�� 

Perception of damage as blight on property 0.�� 0.�� 
Perception of damage as blight on agricultural property 
values 

0.� 0.�� 

TOTAL POSSIBLE BENEFITS 0.�� �.�� 

Whatever benefits are monetised, there remain other private benefits of remediation to UKAEA, in terms of 
potential positive corporate public relations which have not been monetised.  These non-monetised benefits cannot 
be readily quantified at this time, but serve to illustrate that the CBA analysis presented below is partial in nature.   
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4.6 Discounting Of Benefit Flows 
Both cost and benefit flows in this analysis must be discounted over time, to account for the time-value of money.   
Discounting reduces the present value of costs incurred and benefits accrued over time.  A time-varying discount 
rate has been used throughout this analysis, to deal with the issue of long planning horizons, in this case up to ��0 
years (DEFRA, �00�).  Because even modest discount rates reduce the value of benefits several hundred years in the 
future to almost zero, economists now favour variable rate discounting, where rates decline with time.  DEFRA 
(�00�) recommends a discount rate which starts at �.�% (Treasury Green Book guidance, �00�), and declines to �%.  
DEFRA (�00�) offers a step schedule of discount rates starting at �.�%, declining to �% at �0 years, �.�% after �� 
years, �% after ��� years, �.�% after �00 years, and �% after �00 years.  This discounting schedule has been used 
throughout this analysis. 

5.0 VALUATION OF QUANTIFIABLE COSTS 
Using available technologies, preliminary cost estimates for the least-cost implementation of the six short-listed 
approaches were derived and are shown in Table �.  The costs quoted do not include costs incurred to date. 

Table 5:  Cost Analysis Of Remediation Approaches 
Remedial 
Approach 

Remediation 
Technology For 

Costing 

Capital 
Cost 
(£M) 

Annual 
Operation
Costs (£M) 

Operation
Time
(Yrs) 

Assumptions 

S� Remove 
contamination from 
landfill 

�.�� included in 
capital cost 

figure 

�.� Material is stored on-site 

S�P Partially remove 
contamination from 
landfill 

�.� 0.� �0 Further site investigation can 
reduce uncertainty in source 
material  

P� Top soil cap landfill 0.�� 0.�� �0 As per existing design 
P� Synthetic capping 

landfill 
0.�� 0.� �0 - �0 Dust and infiltration eliminated 

P� Synthetic capping 
landfill and 
capturing
groundwater 

�.�� 0.�� �0 - �0 P� + pump-and-treat system 
captures entire plume 

MNA Natural attenuation 
to act on 
radioactive 
contamination 

0.� 0.� ��0 Assuming MNA effective and 
acceptable to SEPA 

6.0 COST BENEFIT ANALYSIS 
Preliminary high-level cost and benefit functions have been developed for each approach being considered.  These 
are compared in a partial CBA, qualified by the other factors discussed above.  Table � below, provides the BCR 
(benefit-cost ratios, or sum of benefits divided by sum of costs) and qualifiers for each of the short-listed 
approaches; these are for the base case with immediate start of remediation and a variable discount rate.  In all cases, 
the �0 year operational alternatives were considered.  BCR’s greater than �.0 (one) indicate that the benefits of the 
remediation /objective approach exceed the costs, and thus it is economically worthwhile to implement.  The higher 
the BCR, the greater the net benefit to society (including UKAEA and the rest of society).  Negative BCR’s indicate 
uneconomic remediation approaches. 

Table 6:  Approach Selection  - Benefit-Cost Ratios  
REMEDIATION 

APPROACH 
PV COST 

(£M) 
EXTERNAL COST OF 

TRANSPORT (£M) 
PV BENEFIT 

(£M) 
NET BENEFIT 

(£M) 
BCR

BASE CASE 
S� �.�� 0.�� 0.�� -�.�0 0.�� 
S�P �.�� 0.�� 0.�� -�.�0 0.�� 
P� – �0 yr monitor �.�� 0 0.�� -�.�� 0.0� 
P� – �0 yr monitor �.�� 0 0.�0 -�.�� 0.�� 
P� – �0 yr monitor ��.0� 0 0.�� -��.�� 0.0� 
MNA �.�� 0 0.0� -�.�� 0.0� 
HIGH CASE 
S� �.�� 0.�� �.�� -�.�� 0.�� 
S�P �.�� 0.�� �.�� -�.�� 0.�� 
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P� – �0 yr monitor �.�� 0 0.�� -�.�0 0.�0 
P� – �0 yr monitor �.�� 0 �.�� -�.�� 0.�0 
P� – �0 yr monitor ��.0� 0 �.�� -��.�� 0.�� 
MNA �.�� 0 0.0� -�.�0 0.0� 

Several of the key input parameters in the analysis are subject to uncertainty.  In particular, variations in the timing 
of remediation and the length of monitoring required for pathway approaches were examined and the findings are 
noted in the conclusions. 

7.0 CONCLUSIONS
Based on the analysis contained in this report, the following conclusions are drawn: 
�. A total of six remediation approaches were selected for detailed economic analysis, based on discussions with 

UKAEA and analysis of the most suitable methods for managing the identified risks.  These comprise: 
Full excavation of the landfill, on-site screening and separation of material, followed by disposal of 
contaminated material. 
Partial excavation of hotspots, simple screening and disposal of contaminated material. 
Capping the landfill with topsoil and a warning mesh. 
Capping the landfill with a synthetic and clay liner. 
Capping the landfill with a synthetic and clay liner, plus installation of a groundwater pump-and-treat 
system. 
A monitored natural attenuation approach. 

�. The economic analysis consisted of monetising benefits that would result from implementing the various 
approaches.  Three main benefit categories were monetised: �) avoiding damage to the coastline, realising the 
amenity value of the coast; �) avoiding blight to residential property values in the neighbourhood which results 
from the perception of risks to groundwater and land associated with Landfill; and, �) avoiding blight on 
agricultural property as a result of perception of damage to land and agriculture.  A conservative approach (from 
the economic point of view) was adopted for valuation of remediation benefits.  Each monetisable benefit was 
valued using a method which will provide a larger value than would normally be considered likely.  Thus, in the 
CBA, likely costs are compared with conservatively high benefits. In adopting this approach, the report is 
biasing the economic analysis towards accruing benefits.  What results, is in effect a worst-case economic 
analysis for UKAEA.   

�. For the high benefits case (maximum conceivable benefits), with a time-varying discount rate, the BCR is 
maximised when approach S�P (partial excavation and sorting) is used (BCR=0.��).  This represents the highest 
ratio of benefits accrued to costs incurred (i.e., benefits to UKAEA and the rest of society to the cost of 
implementation), but remains uneconomic (BCR’s less than unity are not economic).  This remediation 
approach is capable of managing all of the identified risks associated with Landfill.  The S�P approach is 
followed by P� (clay cap and synthetic liner) with a BCR of 0.�0.  The S� approach (full excavation of Landfill, 
on-site screening and separation of materials followed by disposal of non-exempt material) that has been 
pursued to date and addresses remedial objective D (removal of contamination) is not economic under all 
scenarios considered. 

�. CBA suggests that the most economically justifiable remediation approaches are: 
Limited excavation of hot-spots in the landfill, with continued monitoring. 
Pathway management through installation of a clay cap and synthetic liner. 

Neither approach yields positive net benefits in either the base case or the high benefits case.  
�. A variety of input parameters to the analysis were altered to determine their effect on the results of the analysis.  

Remediation start time was delayed for � years and for �0 years.  Also, monitoring times for pathway 
approaches were decreased from �0 to �0 years.  In all cases, BCR’s of each approach varied slightly from the 
base case.  However, none of the adjustments had a significant effect on the relative ranking or overall 
economic suitability of the approaches 

�. Bearing in mind that none of the options are economic from either stakeholder or societal point of view, the 
overall conclusion of the CBA, from a remedial decision viewpoint, is that the S�P option is most economic.  
However, the net present value of P� is the least negative of the options, which in a case where there is no 
positive net benefit to remediation, is believed to be the best remediation option.  Therefore the remediation 
objective for the landfill should be to reduce any impacts to the current receptors, through a comprehensive 
pathway control scheme.  This would be considerably less expensive than even a limited source removal 
approach.  Aggressive source removal objectives are not likely to be economic, even under the most 
conservative assumptions.  A natural monitored attenuation approach will not be economic. 

�. The analysis is subject to a number of inherent limitations and uncertainty, largely the result of assumptions that 
are required to be made, and the often subjective nature of selections and appraisals which must be made by the 
user.  As such, this methodology is seen as a tool for deliberation over remediation option with stakeholders, 
each of whom will tend to value various resources and potential risks slightly differently.  Specific limitations of 
the analysis are: 



��

Only three main benefit categories are monetised, all of which have been consistently overstated.  There are 
some additional benefits that have not been monetised because there is no readily available data, and no 
practical or accurate way of doing so.  These include the public relations and other corporate benefits that 
may accrue to UKAEA if remediation is undertaken.  If these were accounted for explicitly, the benefits of 
a particular action may indeed be higher.  Refining benefits estimates further than the level presented in this 
example was not practical for the level of study completed, and the information available.   
Predictions of the success of remediation in response to a remediation programme are uncertain.  In the 
case of the landfill, various levels of remediation have been assessed to provide a variable level of remedial 
benefit.   
No discussion or economic valuation is made for human health impacts.  No human health impacts are 
assumed to be occurring, and thus no economic implications of these are included.  The perception of harm, 
however, is sufficient to cause an economic effect, and these are monetised through the blight factors on 
property. 
Despite using a relatively rigorous series of steps and analysis matrices, final selection of remediation 
approaches for each objective still requires a significant degree of expertise. 
Property value benefits were modelled as one-time realisations.  In assessing the impacts on the CBA of 
changing start times, the potential appreciation of property over time was not considered.  Nor was an 
underlying rate of inflation during this period factored in.  In certain economic climates, property value 
may increase appreciably over time, making a no-remediation deferral advantageous to the property holder.  
However, because the percentage of property value assigned as blight factor may also change with time, 
any re-calculation is moot. 
The costs of remediation are considered to be stable over time when assessing the impacts of deferral of 
start-time.  In reality, technology may change over time, as may regulations and law.  Indeed, the value of 
groundwater as a resource may also change in the future, particularly if the effects of global climate change 
are considered. 
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