














































































































































































































Option 1 Option 2 Option 3 

ENV1 Air

Included, different remedial options will have differing 
impacts on emissions to air. The DEFRA Greenhouse Gas 

conversion factors will be utilised for this indicator (DEFRA, 
2014). 

Weighted 60 as other categories within the Environmental 
pillar are considered of higher importance. Other activities at 
the site will also contribute to emissions to air so the “North 

End” remediation would not solely be responsible for this 
indicator. 

60

Emission of pollutants to air 
from vehicular moves to and 

from the site (CO2e 
measurement of carbon 

dioxide equivalent)

14.82* 1.75* 0*

Appendix 13 shows the emissions to air (co2e) from vehicles coming to and from the site for waste disposals and capping materials. Option 1 is has the 
worst total emissions at 14.82 tonnes of CO2e being generated from remediation. Option 2 is better in terms of CO2e emissions as it does not involve the 
waste disposal that option 1 does and would create 1.75 tonnes of CO2e. Option 3 would score the best as no movements for waste or remediation 
materials would be required for the near /short term however if intervention was required during C&M this would change (Defra, 2014).

(Figures account for co2e generated from vehicles coming to and from site for waste disposal and capping materials, does not include other machinery 
such as excavators and fork lift trucks as difficult to get an accurate measurement on the amount of co2e generated from these).

ENV 2 Soil and ground conditions
Not included as the condition of the soil and its geotechnical 

properties will automatically be included in any remedial 
design so as to be protective of constraint no 1 & 2.

N/A N/A N/A N/A N/A N/A N/A

ENV 3 Groundwater & Surface 
Water

Included, some of the processes in the different remediation 
strategies could temporarily mobilise contaminants affecting 

sub surface and surface waters (constraint no 1)
Weighted 100 because the main aims of the key 

stakeholders EA, ONR and Magnox is that the local 
environment and receptors are protected going forward into 

C&M. The local community would also want to know that 
local habitats and environment are being protected for their 

own recreational use and enjoyment. 

100

Local environment - 
Prevention or reduction of 
contaminants to surface 

water and sub surface water 
now and in the future
Limit mobilisation of 
contaminants during 

remediation

65 70 0

Option 2 scores the highest with a score of 70 as it would involve minimal mobilisation of contaminants during remediation with only anchor trenches being 
dug and minimal removal of legacy waste from the surface of the area. Installing a cap will remove the primary pathway of surface run off and reduce sub 
surface flow (figure 10, pathway 1 & 2). Grouting the OAEDL will remove any preferential pathways (figure 10, pathway 3) protecting the Borrow Dyke 
going. Option 1 scores slightly lower at 65 as during excavation works there was an increased chance for contaminants to become mobilised at the surface 
and sub surface of the area. This could lead to a temporary flux in future monitoring data until conditions stabilise. This is likely to be only minimal and 
short term. The cap would be protective of the local surface and sub surface waters as described for option 2. Option 3 has been scored poorly at 0 as 
although no mobilisation would be created by remediation the main pathway of surface contamination would still remain for throughout C&M. Future 
erosion and periods of heavy rain could lead to more contamination entering the Borrow Dyke. The infiltration rate of water to the sub surface would not 
reduce the risk of Sr-90 entering sub surface waters (Figure 10).

ENV 4 Ecology

Not included, the remedial options (except option 3 “status 
quo”) will all be intrusive of the area with installing a cap. All 
flora and fauna within the area will need removing prior to 

any of the options being initiated and a reptile survey will be 
undertaken prior to any vegetation removal. This will 

automatically be included within any remediation choice.

N/A N/A N/A N/A N/A N/A N/A

ENV 5 Natural resources and waste

Included, remediation options differ in use of resources and 
creation of waste and disposal routes (constraints no.3)

Weighted 90 because Magnox has an overall responsibility to 
minimise creation of high activity wastes in line with BAT and 

so as to limit pressures on the LLWR. EA will also have an 
interest in ensuring that all wastes have a permitted disposal 

route and that use of natural resources within the 
remediation is sustainable.

90

Minimisation of waste 
generation and impacts on 

VLLW/ LLW and conventional 
disposal sites.

449.52* 28.01* 0*

Option 3 “Status Quo” scores the best in terms of having little impact on waste generation and resource use. There would be no creation of LLW/ VLLLW or 
conventional wastes if nothing was done in the short term and no impacts on resources such as aggregate having to be brought to site for capping works. 
Option 2 does not involve a large generation of waste, just from anchor trenches for the cap which totalled 22.98 tonnes and removal of legacy waste from 
the area which totalled 10.7 tonnes = 28.01 tonnes total (Figures taken from excavation of just anchor trenches for option 1 - Appendix 10 & 12 for VLLW 
and conventional waste). Option 1 totalled 449.52 tonnes of waste generated (Appendix 10, 11 & 12- VLLW/ LLW/Conventional waste). A total of 476 x 1 
tonne bags were geotechnically unsuitable VLLW which could not be re-used as an accumulation in situ on site and had to be sent to Augean, East 
Northants Facility for direct burial (LLW Repository,  2012).

Options
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Option 1 - Automatically included: Original Remediation implemented: Selective Excavation, removal of OAEDL and a Cover/Capping system
Option 2 - Capping/ Cover System, with grouting of remaining OAEDL, draw pits

Environmental

Table 10 Sustainability Assessment for Bradwell Site "North End"

Option 3- “Status Quo”

Justification for Score Uncertainties/ AssumptionsSuRF Category Justification for inclusion/ Exclusion of category Weight Indicator to evaluate options

Qualitative Scores
0= Very Poor/ 25= Poor/ 50= Good/ 75= Very 

Good/ 100= Excellent

Quantitative figures 
Those with * (see note *1)

Notes
*1 - Quantitative data will be used for category Env 1, Env 5
Figures with a * have an inverse score, so the lower the figure the better the option



Option 1 Option 2 Option 3 

ECON 1 Direct economic costs and 
benefits

Included as remediation strategies will have varying costs. 
Objective 4 cost effective monitoring will be included in the 

NPV by estimating the number of out years monitoring 
required. Weighted 100 as Magnox will want to ensure the 
remediation is value for money but also protective of the 

receptors identified in the CSM.

100 NPV Costs- Total Discounted 
cost over the continuing life 

of the remediation 

£2,034,156* £1,136,736* £659,793* Calculation for NPV shown in Table 20 and Appendix 7

ECON 2 Indirect economic costs and 
benefits

The land will not be able to be sold on after remediation as 
there are no plans to reduce the license site boundary until 
FSC so no economical benefits would be directly dependent 

on the strategy employed.

N/A N/A N/A N/A N/A N/A N/A

ECON 3 Employment and 
employment capital

Included, different remediation options provide different 
degrees of innovation and opportunities for education/ 

training. Development of new skill sets can help make people 
employable in similar remediation roles at other sites in the 

future (Bradwell objective no. 5- TRL).
Weighted 40 as although it helps to have resources 
developing new skills it is not the main aim of the 

remediation strategy but enables future works of a similar 
nature to be accepted more readily if already proven at 

another site and the skilled/ experienced people at available.

40 Opportunities for new skills 
and training development 65 50 0

Option 1 scored 65 as the remediation of radioactive contaminated land using Nuvia Hiram monitoring equipment has not been undertaken at many 
nuclear sites in the UK and enabled staff and contractors to gain valuable skills and knowledge required in order to remediate radioactive land on an 
accelerated decommissioning site. These skills will be transferable to other nuclear decommissioning sites which may have similar contamination to 
remediate. Option 2 scored 50 as although it would be good at providing experience in remediating radioactive land it is less than option 1 as installation of 
a capping system would only involve anchor trenches being installed which would not require the Nuvia Hi-ram as smaller volumes would be generated 
and these would largely be outside of areas where LLW was identified. A capping contractor would undertake a large proportion of the works in a short 
time frame limiting job opportunities.

ECON 4 Induced economic costs and 
benefits

Not included as the land will not be able to be sold on even 
once remediated as further work will be required at FSC 
before the land can be delicensed. The induced economic 

costs and benefits are not dependent on the type of 
remediation.

N/A N/A N/A N/A N/A N/A N/A

ECON 5 Project lifespan and flexibility

This category has been included because the remediation will 
need a degree of flexibility within the constrained timeframe 

if difficulties arise so as to meet Bradwell objective 2 of 
reducing the need for further intervention during C&M. 
Weighted 60 as not the main aim for stakeholders but it 

gives them the confidence that possible contingency 
measures have been considered prior to implementing the 

scheme.

60
Ability of remediation to 
change to circumstances, 
increasing scope of works.

30 10 15

None of the options perform particularly well for this indicator, option 1 had the greatest ability to be flexible with excavating, however with the constraints 
at the North End of the slope, excavation of all the hot spot areas was not possible so not being as flexible as anticipated. The total excavation of the 
OAEDL line also showed that only two 1 tonne bags of LLW (0.95 tonnes) (Appendix 11) were removed in total so the project could have been more 
flexible if more upfront site investigation of the OAEDL line had been undertaken. Investigative holes could have been drilled through the OAEDL to the 
base underneath to confirm if this needed to be fully excavated and could have been grouted instead. Option 2 would not be very flexible and has scored 
10 as just installing a cap means that when digging the anchor trenches for the cap if any abnormalities are found then an alternative plan would not be in 
place for excavating areas and may delay the remediation if different waste routes need to be looked at and set up. Option 3 scored slightly better with 15, 
still poor but by doing nothing means if suddenly during C&M further intervention was needed (objective 2) then at least the area would still be a blank 
canvas and not have a cap to contend with prior to undertaking any other works. 

Options
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Option 1 - Automatically included: Original Remediation implemented: Selective Excavation, removal of OAEDL and a Cover/Capping system
Option 2 - Capping/ Cover System, with grouting of remaining OAEDL, draw pits

Economic

Table 10 (continued) Sustainability Assessment for Bradwell Site "North End"

Option 3- “Status Quo”

Justification for Score Uncertainties/ AssumptionsSuRF Category Justification for inclusion/ Exclusion of category Weight Indicator to evaluate options

Qualitative Scores
0= Very Poor/ 25= Poor/ 50= Good/ 75= Very 

Good/ 100= Excellent

Quantitative figures 
Those with * (see note *1)

Notes
*1 - Quantitative data will be used for category Econ 1
Figures with a * have an inverse score, so the lower the figure the better the option



Option 1 Option 2 Option 3 

 SOC 1 Human health and safety

Included, remediation options all have varying degrees of 
radiological and conventional safety especially where excavation 
and heavy duty machinery is involved in tight spaces. The long 

term impacts and protection of risk to the public is important and 
will need to be protective through C&M to FSC (objective 2) which 

is why the category has been weighted 100. 

100

Worker Safety (radiological)
Worker Safety (other conventional 

safety issues)
Public Safety (long term risk)

45 75 25

Option 2 scores the highest at 75 as the remediation strategy would not involve any excavation of hot spots so would limit radiological exposure to workers. It would reduce the 
amount of heavy machinery being used in a tight area as only anchor trenches would need digging. No large open excavations would occur reducing the conventional safety 
risks for workers. The long term risk to public safety from surface mobilisation of contamination ( figure 10, source 2 & pathway 2) would be removed with the cap being 
installed . Option 1 scored 45 as this strategy involved incredibly tight working spaces during its implementation in wet periods of weather where workers were near moving 
vehicles and excavations. Worker dose would have been higher from the hot spot removal than for option 2 although waste soil bags were removed as quickly as possible from 
the area. Option 3 “Status Quo” scores 25, conventional worker safety would be good and the worker safety radiologically would be minimal. it would still require workers to 
access and maintain the area putting them at risk to surface contamination over a longer period. The risk of spreading surface contamination to the public long term if nothing 
was done could also increase especially from erosion and heavy periods of rain.

SOC 2 Ethics and equality

Included, options differ in their approaches to what will be left for 
future generations to deal with. Weighted 90 as the need to 

ensure what will be passed onto future generations is managed, 
controlled and well documented until FSC (68 years time). The 
ONR will want to reduce liabilities as much as possible. No new 
problems should be created from poor management now for 

future generations to have to resolve. (Bradwell constraint no.5, 
assumption no. 3  and objective no.4).

90 Avoid transfer of issues to future 
generations 40 25 0

Option 1 scored the highest at 40 as the selective excavation undertaken at the site removed higher activity LLW from the ground which will reduce the amount of legacy until 
FSC. A total of 22.08 tonnes of LLW was removed equating to 34 x 1 tonne builder bags (Appendix 11). The initial estimates that had been predicted for removal of LLW from 
the area was 286 tonne of LLW equating to 159m3 (Appendix 11). This is a lot less than the original estimate so a score of 40 was given as although its reduced the inventory 

of LLW in the ground and would go towards the interests of the ONR wanting to reduce burdens on future generations it has not removed as much as it could have. This is 
down to one area adjacent to the Forebay shafts (figure 8), not being fully excavated due to it being a narrow area on the very steep slope that was dangerous during wet 

periods when works were undertaken. Option 2 scored 25 as it would not reduce any of the legacy to be left until FSC as no excavation would be undertaken, only a cap. Option 
3 scored 0 as “Status Quo” approach would actually increase the long term care and legacy if surface contamination was further spread during C&M this could lead to a larger 

area affected by contaminants at FSC to be remediated.

SOC 3 Neighbourhoods and locality

Included as there will be differences between the remediations in 
lorry moves to and from the site for waste and raw materials. 
Weighted 70 as although important does not sit as highly as 

worker and public safety.

70

Disturbance from increased traffic 
movements (lorries) within the 

local area during the remediation 
strategy (short term)

486* 366* 0*

Option 1 scored the worst because selective excavation created geotechnically unsuitable VLLW, LLW and conventional waste for off site disposal. Appendix 10, 11 & 12 show 
that there was a total of 48 vehicular moves for VLLW, 68 vehicular moves for conventional waste and 4 vehicular moves for LLW, the importing of the capping material 
involved 366 moves, totalling 486 increased traffic movements for the local area (Appendix 14). Option 2 would be marginally better in terms of vehicular moves as it would 
only involve the moves associated with capping materials (366) and possibly a few extra moves for materials to grout the OAEDL. Option 3 “Status Quo” would be the best 
overall in the short term as no vehicular moves would be required with no remediation taking place.

SOC 4 Communities and community 
involvement

Not included as any effects or changes to the local community 
would automatically be communicated through regular Bradwell 

community meetings.
N/A N/A N/A N/A N/A N/A N/A

SOC 5 Uncertainty and evidence

Included as the different options provide a different degree of 
validation/ verification of what is being left in the ground until 

FSC.
Weighted 80 as this evidence and data will be important for FSC.

80
Requirements for validation/ 

verification of contamination being 
left until FSC

75 50 40

Option 1 scored the best as the information from the site investigation and selective excavation of hot spots has given more data in terms of what has been removed and what 
will be left in situ until FSC. This has been supported by the production of a verification report confirming where all LLW was removed and where VLLW or conventional waste 
has been used as an accumulation within geotextile markers so as this can be easily identified at FSC along with the surveyed details of locations in the verification report. The 
continual C&M monitoring regime will also monitor the cap and how its performing throughout C&M providing useful information for FSC (Golder Associates, 2015). Option 2 still 
scores a good score as the information from the initial site investigation was very detailed so will provide a useful record for FSC clearance. The C&M monitoring regime for the 
cap will provide useful information for FSC as well. Option 3 has scored the lowest score although not very poor as there will still be the original site investigation data which 
can be kept for FSC and there will be continued routine monitoring regime up to FSC. 

Options
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Option 1 - Automatically included: Original Remediation implemented: Selective Excavation, removal of OAEDL and a Cover/Capping system
Option 2 - Capping/ Cover System, with grouting of remaining OAEDL, draw pits

Social

Table 10 (continued) Sustainability Assessment for Bradwell Site "North End"

Option 3- “Status Quo”

Justification for Score Uncertainties/ AssumptionsSuRF Category Justification for inclusion/ Exclusion of category Weight Indicator to evaluate options

Qualitative Scores
0= Very Poor/ 25= Poor/ 50= Good/ 75= Very 

Good/ 100= Excellent

Quantitative figures 
Those with * (see note *1)

Notes
*1 - Quantitative data will be used for category Soc 3
Figures with a * have an inverse score, so the lower the figure the better the option



Option 1 Option 2 Option 3 Option 4

ENV1 Emissions to air

Included, different remedial options use 
different techniques/ equipment which 
have differing impacts on emissions.

Weighted 60, not as high as the other 
two categories under Environment as 
there are other activities on the site 
which will contribute to emissions as 

well.

60 Emission of 
pollutants to air 25 50 60 70

Option 1 scores the lowest as the supply of electricity to run a thermal treatment and SVE unit would increase emissions to the environment the most out of all 
the options. As well as the high energy requirements for heating the soil, the manufacture, mobilisation and demobilisation of plant to site would produce 
emissions as well. If the remediation did not need to be undertaken in short timescales then lower temperatures of 30C - 40C may be able to be applied to the 
soil to gradually enhance the onset of bioremediation reducing energy requirements (Kueper et al, 2014). Due to the short timeframes the soil would be heated 
quicker to remove the source zone and help mobilise DNAPL at depth, as the soil is cooling down this would allow for enhancement of dehalogenating bacteria to 
establish (Provectus Group, 2009). Option 2 scores 50 as in situ ZVI mixing would be undertaken in the source zone shallower depths down to around 6m bgl in 
line with the higher concentrations of chlorinated solvents found in these depths for BH 55/ BH56A and WS9 (Figure 5 & Appendix 1). This would require energy 
for the ZVI mixing equipment and emissions would also be created bringing the clay and ZVI to site. Option 3 scores 60, only slightly better than option 2 as the 
drilling of the 20 boreholes at depths of ~25m would be slightly less energy intensive than option 2 where the ISCR in situ soil mixing would be required over a 
larger area. Option 4 “Status Quo” scores the best in terms of emissions as no machinery/ equipment or materials would be used, just mobilising people to 
monitor existing boreholes at the site, over a longer period until FSC.

Uncertainty over energy differences between 
installation of a PRB and ISCR ZVI soil mixing.

Uncertainty over amount of energy required for 
thermal treatment and how timescales would 

affect emissions to air.

ENV 2 Soil and ground 
conditions

Not included as the options to be taken 
forward for assessment would score 

similarly for effects on soil. The area of 
soil to be treated on site will not need 
to support any future services to be 

provided from it.  

N/A N/A N/A N/A N/A N/A N/A N/A

ENV 3 Groundwater & 
Surface Water

Included, remediation technologies 
employed will use different techniques/ 

chemicals to treat the groundwater 
plume which will affect the release and 
mobilisation of the contaminants to the 

groundwater (Assumption 3 & 4, 
Objective 1 & 2).

Weighted 100 as this is a key 
requirement of SEPA and Dumfries and 
Galloway Council that the remediation 
strategy breaks the linkages in order to 

protect the water environment as 
identified in figure 6

100

Local environment 
Groundwater 

chemistry 
Mobilisation of 
contaminants

50 65 55 0

Option 4 scores the lowest as “Status Quo” would result in source zone contaminants continuing to add to the plume and making the local groundwater chemistry 
worse and possible future effects on the Gullielands Burn and 3rd Party Receptors. Option 1 scores 50 as care needs to be taken when thermally treating the 
source zone as it will cause greater mobility of the contaminants which can remain for several months to a year after shutdown of a thermal unit allowing 
continued contaminant solubility (EPA, 2004). It is important that parameters for enhanced bioremediation to occur in this period are maintained so as 
contaminants are continuously biodegraded and harmful daughter products do not persist for long durations (Kueper et al, 2014). Option 2 scores 65 as ZVI and 
clay in situ soil mixing will stabilise the source contaminants and limit water infiltration whilst the ZVI will react and destroy the TCE (Kueper et al. 2014). By 
applying 3DMe to the groundwater plume will ensure the groundwater chemistry and DNAPL at depth are remediated and 3DMe has shown to be effective for up 
to five years after use (Desrosiers et al, 2013). Option 3 has scored slightly lower then Option 2 due to not having being trialled like the 3DMe at the site. A ZVI 
PRB installed before the 50m assessment point would be able to intercept the plume and at depth through using pneumatic fracturing/ injection to install at a 
suitable depth (ITRC, 2011).

ENV 4 Ecology

Not included as the surrounding area is 
neighbouring fields and disturbances to 
flora, fauna or wildlife in the area would 
not differ enough between the options.

N/A N/A N/A N/A N/A N/A N/A N/A

ENV 5 Natural resources 
and waste

Included, remediation options have 
differing impacts in energy and 

resource use. Creation of waste from all 
of the options being assessed is limited 
but will still differ due to the different 

techniques and resources being utilised.
Weighted 70 as it is slightly less 
important than groundwater and 
surface water protection as this 
category is the main aim of the 

remediation strategy.

70

Energy use during 
remediation

Material Resources  
used in remediation
Waste Generation

40 50 60 70

Option 1  has scored the lowest as a thermal treatment plant may need to be built specifically for the site which will use raw materials and energy within its 
making and will require energy for the life of its operation at the site. Once remediation is completed it will need to be demobilised and waste such as GAC filters 
from the SVE unit will also be generated. Energy to power the thermal plant for up to two years prior to going into C&M will be required. Option 2 scores 50 as 
natural resources of clay and ZVI will be required for the in situ mixing and 3DMe for the plume. Option 3 PRB scores 60 as it would not require as much energy 
use as option 1  but would require pneumatic fracturing/ injection of 20 boreholes for injecting the ZVI. However the requirement on natural resources would be 
less than option 2 where larger quantities of clay and ZVI would be required for in situ mixing. Option 4 “Status Quo” performs the best as no natural resources 
or energy are required.

Uncertainty over operational period of the 
thermal treatment plant and the amount of 

electricity which will be required for its 
operational life. 

Options:
Option 1 - In Situ Thermal Treatment, Soil Vapour Extraction, Enhanced Bioremediation & Monitored Natural Attenuation 
Option 2 - In Situ Chemical Reduction, Enhanced Bioremediation & Monitored Natural Attenuation
Option 3- Permeable Reactive Barrier
Option 4- “Status Quo”
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Table 11. Sustainability Assessment for Chapelcross Site Chlorinated Solvent Plume

Environmental

Justification for Score Uncertainties/ AssumptionsSuRF Category
Justification for inclusion/ Exclusion of 

category Weight Indicator to 
evaluate options

Qualitative Scores
0= Very Poor/ 25= Poor/ 50= Good/ 75= Very 

Good/ 100= Excellent



Option 1 Option 2 Option 3 Option 4

ECON 1 Direct economic costs and 
benefits

Included, remediation strategies will have varying 
costs.

Weighted 100 as the remediation should be value for 
money for Magnox and the tax payer and also needs 
to account for the continued costs throughout the life 

of the remediation such as monitoring which is 
equally important for future generations.

100
NPV Costs- Total 

Discounted cost over 
the life of the 
remediation 

£1,695,086* £1,328,092* £924,767* £312,390* Table 19 - NPV and Appendix 6

ECON 2 Indirect economic costs and 
benefits

Not included as all the remediation options have 
been chosen on the basis of being undertaken in a 

timely manner (objective 1 & 2). The land will not be 
able to be sold on after remediation as there is no 

plans to reduce the license site boundary until FSC so 
no economical benefits would be directly dependent 

on the strategy employed.

N/A N/A N/A N/A N/A N/A N/A N/A

ECON 3 Employment and 
employment capital

Not included as all options would provide short term 
employment for the duration of the works and there 
is not a large enough distinction between the options 

to score them differently.

N/A N/A N/A N/A N/A N/A N/A N/A

ECON 4 Induced economic costs and 
benefits

The induced economic costs or benefits are not 
dependent on the type of remediation installed. Due 
to the location of the land on site being remediated it 

would not be sold off prior to FSC as its the main 
entrance point to the site so will not incur any costs/ 
benefits for the site or surrounding local economy.

N/A N/A N/A N/A N/A N/A N/A N/A

ECON 5 Project lifespan and flexibility

Flexibility of the remediation has been included as 
each option differs with the techniques used and 

ability to respond. Weighted 80 as the remediation 
needs to have an element of flexibility to change if 

problems occur. 

80 Flexibility to cope with 
changing 

circumstances

50 60 10 15

Option 4 scores the worst at 15 as “Status Quo” will not have considered any remedial approach and the changing 
circumstances that may arise where remedial intervention is required, however it still leaves an element of flexibility if 
intervention is required. Option 2 scores the best as the variety of approaches being applied enable more flexibility between 
the different techniques and if one technique should not be as successful due to problems there is capability within the other 
techniques being applied. Option 1 scores 50 as although the initial investment in thermal equipment and energy prices are 
expensive, by monitoring parameters of the soil and groundwater means that throughout the treatment less or more heat can 
be applied responding to changes that may be occurring which could help reduce energy costs. Option 3 scores 10 as the only 
way to install the PRB at the depth in the required location is by pneumatic fracturing/ injection which may encounter 
difficulties such as adequate coverage by the installation, if this is so then the flexibility to move to other installation 
techniques such as trenching or excavating are limited due the depths required making this strategy inflexible compared to 
the others.

Uncertainty over energy required, may be 
able to be reduced if lower temperatures 

can suitably remediate the source zone and 
maintain conditions for bioremediation.

95
Option 4- “Status Quo”

Table 11. (continued) Sustainability Assessment for Chapelcross Site Chlorinated Solvent Plume

Notes
*1- Quantitative data will be used for category Econ 1
Options:
Option 1 -  In Situ Thermal Treatment, Soil Vapour Extraction, Enhanced Bioremediation & Monitored Natural Attenuation 
Option 2 - In Situ Chemical Reduction, Enhanced Bioremediation & Monitored Natural Attenuation
Option 3- Permeable Reactive Barrier

Justification for Score Uncertainties/ Assumptions

Economic

SuRF Category Justification for inclusion/ Exclusion of category Weight Indicator to evaluate 
options

Qualitative Scores
0= Very Poor/ 25= Poor/ 50= Good/ 75= Very Good/ 100= 

Excellent

Quantitative figures 
 for those with * (see *1)



Option 1 Option 2 Option 3 Option 4

 SOC 1 Human health and safety

Included, remediation options to be assessed will use 
different techniques/ equipment and chemicals which 

have their own safety concerns.
Weighted 80, lower than ethics and equality and 

uncertainty and evidence because these two 
categories encompass three of the main objectives 
1,2 & 3  that the remediation strategy must meet.

80
Worker Safety 

(conventional safety 
issues)

55 40 45 70

Option 4 would score the best as “Status Quo” would mean the usual yearly monitoring which would involve no machinery, no use of chemicals or 
drilling would significantly reduce the safety risks. Option 2 scores the lowest score of 40 due to the combination of in situ soil mixing involving larger 
machinery working at depth and the use of ZVI and 3DMe which have their own risks which need to be considered when workers are applying them. 
Option 3 PRB scores 45 as most PRB’s installed under conventional methods of trenching and excavation would be considered to score lower for 
conventional safety, but by using pneumatic fracturing/ injection in order to install the PRB reduces the degree of conventional safety risk. Option 1 
scores 55 due to the thermal treatment plant being likely to have less conventional safety risks than the previous options due to monitoring systems 
included within the equipment to check temperatures and parameters. 

SOC 2 Ethics and equality

Included, options differ in their approaches and will 
deal with DNAPL at depth by different techniques 
which need to ensure that concentrations are on a 
continual decline after initial remediation to avoid 

possible future intervention being required (objective 
3/ constraint 3 so has been weighted 95).

95 Avoid transfer of issues 
to future generations 50 65 40 0

Option 4 scores the worst for this indicator with 0 as “Status Quo” would mean the solvent plume would be left for future generations to deal with and 
could spread further in time affecting the Gullielands Burn and third party abstractions, making remediation even more costly in the future (Figure 6 
Receptors 1 & 3). Option 2 scores 65, the best score due to the success of 3DMe having already been trialled at the site (Regenesis, 2015). Applying 
ZVI mixing in the source area would also reduce the infiltration of water to the area and ZVI will react and destroy the TCE (Kueper et al. 2014). This 
strategy should deal with the source and the DNAPL at depth in order to remediate the area so as no burdens on future generations. Option 1 scores 
50 as thermal treatment would be able to destroy the source zone contaminants in minimal time and would also increase the diffusion rate and 
solubility of the DNAPL at depth (EPA, 2004). Coupled with enhanced bioremediation and ensuring conditions are kept favourable for this through 
regular monitoring it would reduce the future risks of contaminants being left at depth for future generations to deal with. Option 3 PRB scores 40 
because it would be able to tackle the source plume as well as the DNAPL at depth but has not had the trials and investigation that the 3DMe has had 
already.  A PRB would take longer to remediate the source zone as it would still be continually adding to the plume over time compared to options 1 
and 2. There would be longer term maintenance, re injection and monitoring costs for future generations to ensure the barrier continues to work 
effectively.

Uncertainty over length of time the PRB will be 
required for and maintenance burden on future 

generations.

SOC 3 Neighbourhoods and locality

Included, remediation options differ in intrusiveness 
and disturbance that will be caused to the grounds 

and machinery used. Permissions required and 
access would cause disturbance in neighbouring 
fields. Weighted 60 as previous access has been 

gained to local fields for the site investigation works, 
which has not been badly received from the adjacent 

land owner. However a remediation strategy that 
limits this would reduce the disturbance caused to 

the locality.

60

Disturbance/ 
Intrusiveness in 

neighbouring fields to 
the site.

70 25 35 50

Option 4 “Status Quo” scored 50 as although limited access and disturbance would be required for undertaking yearly monitoring it would still be 
required up until FSC. Option 1 scored 70 because thermal treatment and enhanced bioremediation will cause very little impacts on the surrounding 
neighbouring fields as the thermal treatment will be applied to the source zone area on site, not affecting neighbouring fields. Existing boreholes within 
the neighbouring fields and vicinity will require regular monitoring however the monitoring period would be over fewer years than option 4, meaning 
less intrusion in the future. Option 2 scores 25 as 309 injection points would be required which will be intrusive to neighbouring fields as installation 
will be on a 10 x 10m area which will cause some disturbance and noise whilst the injection is being undertaken. Option 3 scores 35 as the PRB would 
be installed in the car park so 6 additional boreholes would be required on adjacent land so limited intrusion. The pneumatic fracturing/ injection would 
cause some noise and disturbance to neighbouring fields during its installation and if it requires re injection in the future as assumed in 5 years time 
(ITRC, 2011) the same disturbance would be created again.

Assumption that the 3DMe for option 2 will be 
injected on a 10m x 10m area.

Assumption that reinjection of the PRB will be 
required in 5 years time based on longevity ZVI 
being installed by pneumatic fracturing/injection 

(ITRC, 2011).

SOC 4 Communities and community 
involvement

Not included as any effects or changes to the local 
community would automatically be communicated 

through regular community meetings, keeping 
involvement.

N/A N/A N/A N/A N/A N/A N/A N/A

SOC 5 Uncertainty and evidence

Included, different strategies will need to deal with 
the uncertainty surrounding removing DNAPL at 
depth and reducing risk of rebound after initial 

remediation.
Weighted 100 as this category addresses three of the 
main objectives 1,2 & 3 and needs to be robust so as 

it can deal with  DNAPL at depth.

100

Compliance with 
remedial criteria (To be 

determined)
Long term robustness/ 

validation of 
remediation.

50 70 55 0

Option 4 “Status Quo” scores the worst at 0 as it would keep putting receptors identified in the CSM (figure 6) at risk which could result in regulatory 
action being taken. There is no long term robustness with the approach and this could make impacts worse in the future to remediate if the plume 
spreads. Option 2 scores the best at 70 due to the trial of 3DMe showing  success in a short time period (Appendix 1). Combining this with in situ ZVI 
soil mixing will further reduce the spread from the source zone. Option 3 scores 55 because a PRB would fully intercept the plume and deal with DNAPL 
at depth which would make this a robust solution and validation and effectiveness of the ZVI would be confirmed by monitoring boreholes. Option 1 
scores 50, only slightly less than option 3 due to the application of thermal treatment being over a shorter timescale and having to maintain favourable 
and consistent bioremediation parameters for future years. Option 1 and 3 have assumed a re application of media in the future to maintain enhanced 
bioremediation if required. For option 1 once the thermal treatment plant has been removed then bioremediation parameters need to be maintained 
for the future to ensure that if future DNAPL at depth in fractures was to diffuse out after treatment still then the correct bioremediation parameters 
would ensure concentrations of chlorinated solvents remain within compliance criteria (EPA 2004). Re mobilisation of thermal treatment plant would 
make this option very expensive if the sources did not have enough heat applied on the first treatment to ensure they were remediated.

96

Social

Option 4- “Status Quo”

Table 11 (continued). Sustainability Assessment for Chapelcross Site Chlorinated Solvent Plume

Options:
Option 1 -  In Situ Thermal Treatment, Soil Vapour Extraction, Enhanced Bioremediation & Monitored Natural Attenuation 
Option 2 - In Situ Chemical Reduction, Enhanced Bioremediation & Monitored Natural Attenuation
Option 3- Permeable Reactive Barrier

Justification for Score Uncertainties/ AssumptionsSuRF Category Justification for inclusion/ Exclusion of category Weight Indicator to evaluate 
options

Qualitative Scores
0= Very Poor/ 25= Poor/ 50= Good/ 75= Very Good/ 100= 

Excellent
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Time Series Data Graphs 
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Appendix 15 - Chapelcross Site Hiview Calculations

SuRF UK 

Cateory Weight

Total of 

Indicator 

Weights Cumulative weight Option

Preference 

Score Weighted Score

1 0 0.0805 x 0 = 0 

2 55.56 0.0805 x 55.56 = 4.47 

3 77.78 0.0805 x 77.78 = 6.26 

4 100 0.0805 x 100 = 8.05

1 76.92 0.134 x 76.92 = 10.33

2 100 0.134 x 100 = 13.42

3 84.62 0.134 x 84.62 = 11.36

4 0 0.134 x 0 = 0

1 0 0.0939 x 0 = 0

2 33.33 0.0939 x 33.33 = 3.13

3 66.67 0.0939 x 66.67 = 6.26

4 100 0.0939 x 100 = 9.4

1 0 0.134 x 0 = 0

2 24.48 0.134 x 24.48 = 3.29

3 51.39 0.134 x 51.39 = 6.9

4 100 0.134 x 100 = 13.42

1 80 0.1073 x 80 = 8.59

2 100 0.1073 x 100 = 10.74

3 0 0.1073 x 0 = 0

4 10 0.1073 x 10 = 1.07

745

Direct Economic 

Cost
100 100/745 = 0.134

Project Lifespan 

and Flexibility
80 80/745 = 0.1073

60
60 /745 = 0.0805

Emissions to Air

100/745 = 0.134100
Groundwater & 

Surface Water

Natural 

Resources and 

Waste

70 70/745 = 0.0939



1 50 0.1073 x 50 = 5.37

2 0 0.1073 x 0 = 0

3 16.67 0.1073 x 16.67 = 1.79

4 100 0.1073 x 100 = 10.74

1 76.92 0.1275 x 76.92 = 9.81

2 100 0.1275 x 100 = 12.75

3 61.54 0.1275 x 61.54 = 7.85

4 0 0.1275 x 0 = 0

1 100 0.0805 x 100 = 8.05

2 0 0.0805 x 0 = 0 

3 22.22 0.0805 x 22.22 = 1.79

4 55.56 0.0805 x 55.56 = 4.47

1 71.43 0.134 x 71.43 = 9.59

2 100 0.134 x 100 = 13.42

3 78.57 0.134 x 78.57 = 10.55

4 0 0.134 x 0 = 0

Neighbourhoods 

& Locality
60 60/745  = 0.0805

Uncertainty & 

Evidence
100

745

100/745 = 0.134

Human Health & 

Safety
80 80/745 = 0.1073

Ethics & Equality 95 95/745 = 0.1275



 

Appendix 16 - Hiview Reassessment of Option 3 Incorporating Source Zone Treatment 

 

 

The Hiview remediation criteria contribution table shows what effect adding ‘In Situ ZVI’ source zone mixing has on the score of option 3. 

 

 

 



 

SuRF UK Category Weight Option Input Score Preference Score Weighted Score 

ENV 5 - Natural resources & Waste- Energy use  

during remediation.  

Material resources used remediation. Waste  

Generation.  

 Option1 40.0  25.00 2.35 

70 Option 2 50.0  50.00 4.70 

 Option 3 30.0 0.00 0.00 

 Option 4 70.0  100.00 9.40 

ECON 1 - Direct Economic Cost- NPV  

 Option1 £1,695,085.5  0.00 0.00 

 Option 2 £1,328,092.2  26.54 3.56 

100 Option 3 £1,566,617.0 9.29 1.25 

 Option 4 £312,390.0 100.00 13.42 

ECON 5 - Project Lifespan & Flexibility  

Flexibility to cope with changing circumstances 

 

 

80 

 

Option1 50.0  63.64 6.83 

Option 2 60.0  81.82 8.79 

Option 3 70.0 100.00 10.74 



Option 4 15.0  0.00 0.00 

SOC 2 - Ethics & Equality 

Avoid transfer of issues to future generations 

 Option1 50  76.92 9.81 

95 Option 2 65  100.00 12.75 

 Option 3 60 92.31 11.77 

 Option 4 0  0.00 0.00 

SOC 5 Uncertainty & Evidence 

Compliance with remedial criteria (TBD) 

Long term robustness/ validation of remediation 

 Option1 50  71.43 9.59 

100 Option 2 70  100.00 13.42 

 Option 3 65 92.86 12.46 

 Option 4 0  0.00 0.00 

 

The above table shows only the indicators where the input scores were changed under option 3 in line with adding ‘In Situ ZVI’ source 

zone treatment along with a PRB. 


