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Introduction
The five hectare site was formerly occupied by a sawmill and timber works for a 
hundred years from 1910. Since the buildings were demolished to slab level, natural 
revegetation has started to occur. It is located adjacent to a heavily modified surface 
watercourse and within a mixed residential and commercial/industrial setting. The site 
is located in an area of economic deprivation and is valued by the local public for infor-
mal recreational use.

The site was identified as long-term ‘vacant land’ and has been on the Fife Coun-
cil Vacant and Derelict Land Register for over 15 years. Itwas being considered for 
improvement as part of a wider SEPA-led multi-partner initiative, The Leven Programme, 
to support regeneration of the river corridor. The local authority and SEPA identified 
the site as an area of potentially contaminated land requiring further investigation to 
enable it to be brought back into beneficial use to deliver economic, social and environ-
mental outcomes for the local community. Development plans have yet to be finalised 
but current considerations include a range of end uses including provision of active 
travel opportunities enabling the local community to better engage with the redevel-
oped site and the adjacent river. Fife Council in 2019 secured approval to utilise monies 
from its allocation of the Scottish Government Vacant and Derelict Land Fund to unlock 
comprehensive desk-based and intrusive ground investigations on this complex site.

Promoting exemplary best practice and a robust cost effective and 
defensible solution

RSK Geosciences was initially commissioned by the local authority in 2020 to under-
take a desk-based and exploratory intrusive investigation. Although the site was found 
to be less impacted by organic contaminants than anticipated, several contaminant 
linkages, including those related to human health and groundwater and surface water 
receptors, were identified to be potentially complete and requirefurther investigation. A 
second commission in August 2021 – the subject of this entry – aimed to address data 
gaps and uncertainties identified within the CSM and further characterise the potential 
water environment linkages. Both phases of work were reported in accordance with 
the NQMS.

The initial investigation provided limited evidence of creosote impact largely at shal-
low depths within made ground and underlying granular River Terrace Deposits. The 
presence of cohesive Till was proven to >3 m thickness through cable percussive drill-
ing. This method could not penetrate further but the Till was known to be thicker due 
to rockhead depth. The cohesive Till was considered likely to mitigate the migration of 
dissolved phase/ NAPL in shallow groundwater to the bedrock aquifer due to its low 
permeability and absence of evident hydrocarbon impact. However, due to a known 
creosote impact on a nearby site at c. 100 m depth within the bedrock in a borehole 
installed by the Coal Authority for mine dewatering, it was recognised that migration to 
the groundwater body at depth could not be completely discounted.
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As mandated by the NQMS, uncertainties and limitations 
in the CSM and assessment were considered explicitly in 
the initial report along with their implications for further site 
assessment. With regard to the potential for DNAPL migration 
to bedrock, this approach identified that further investigation 
would be beneficial to address the uncertainty regarding the full 
thickness and composition of the superficial deposits, depth 
to bedrock and any associated creosote impacts. This recom-
mendation was strongly supported by the local authority and 
SEPA as project partners and it then formed a key element of 
the second phase of investigation and assessment, along with 
lateral delineation of identified shallow impacts and further 
groundwater assessment of dissolved phase impacts.

In the course of these works, during careful sonic drilling to 
rockhead an unexpected result was found: despite the presence 
of a substantial thickness (up to 11m) of cohesive Till (stiff 
sandy gravelly clay), creosote impacts indicative of DNAPL 
were encountered at two locations at depth. These extended 
through the full thickness of the Till and into the underlying 
weathered bedrock, which was artesian. This finding markedly 
changed both the approach needed on site to manage SHE 
risks as well as having a major effect on the site conceptualis-
ation and assessment of pollutant linkages.

Best practice
As highlighted above, the main aim of the second phase of the 
project was to refine the CSM and a much better understanding 
of the deeper geology and associated contaminant migration 
pathways at the site was developed as a result. Site visual and 
olfactory observations, supported by elevated concentrations 
of CoPC within soil samples from two deep boreholes installed 
in the core of Plume 1, confirmed creosote impact through 
the entire thickness of cohesive Till. This extended into the 
deep granular Till groundwater body where a creosote odour 
and globules of free phase product were observed in the grab 
samples of artesian groundwater that were able to be collected. 
This indicates that the cohesive Till is not acting as a barrier 
to contaminant migration in these areas. However, outwith the 
core of Plume 1, the converse was true with an absence of iden-
tified impact.

The refinement of the CSM that was achieved is illustrated 
in the graphic below. This led to identification of an additional 
contaminant linkage involving migration of dissolved phase 
contaminants and NAPL from shallow soil and groundwater to 
a deep groundwater body within granular till and bedrock via a 
vertical saturated pathway.
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of investigation and assessment, along with lateral 
delineation of identified shallow impacts and further 
groundwater assessment of dissolved phase impacts. 

In the course of these works, during careful sonic 
drilling to rockhead an unexpected result was found: 
despite the presence of a substantial thickness 
(up to 11m) of cohesive Till (stiff sandy gravelly 
clay), creosote impacts indicative of DNAPL were 
encountered at two locations at depth. These 
extended through the full thickness of the Till and 
into the underlying weathered bedrock, which was 
artesian. This finding markedly changed both the 
approach needed on site to manage SHE risks as well 
as having a major effect on the site conceptualisation 
and assessment of pollutant linkages. 

Best practice 
As highlighted above, the main aim of the second 
phase of the project was to refine the CSM and a 
much better understanding of the deeper geology 
and associated contaminant migration pathways 

at the site was developed as a result. Site visual 
and olfactory observations, supported by elevated 
concentrations of CoPC within soil samples from 
two deep boreholes installed in the core of  
Plume 1, confirmed creosote impact through the 
entire thickness of cohesive Till. This extended into 
the deep granular Till groundwater body where a 
creosote odour and globules of free phase product 
were observed in the grab samples of artesian 
groundwater that were able to be collected. This 
indicates that the cohesive Till is not acting as a 
barrier to contaminant migration in these areas. 
However, outwith the core of Plume 1, the converse 
was true with an absence of identified impact. 

The refinement of the CSM that was achieved 
is illustrated in the graphic below. This led to 
identification of an additional contaminant linkage 
involving migration of dissolved phase contaminants 
and NAPL from shallow soil and groundwater to 
a deep groundwater body within granular till and 
bedrock via a vertical saturated pathway.  
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As well as the detailed conceptualisation and effective 
consideration of uncertainties, other key areas of best practice 
on this project included:

•	 detailed logging of undisturbed core samples from sonic 
drilling to assess creosote impacts and potential NAPL 
migration pathways using mobile data capture technology

•	 management of change due to unforeseen ground condi-
tions – including upgrading the site to BDA Red site, 
deployment of aquifer protection measures and modify-
ing the sampling and analysis plan, including installation 
of monitoring wells

•	 use of GWSDAT software to understand the distribution 
of key contaminants of concern and define groundwater 
plumes

•	 correlation of multiple sources through TPH CWG compo-
sition analysis

•	 use of all available lines of evidence to support DNAPL 
source definition as per the DNAPL handbook includ-
ing visual/ olfactory evidence of impacts during drilling, 
well development and sampling; use of solubility limits; 
and interactions with dissolved phase plumes including 
ammoniacal nitrogen anticipated to have been used on 
site to treat the creosote

RSK designed the investigations in accordance with relevant 
British Standards and technical guidance (including the DNAPL 
Handbook) and acted as Designer and Principal Contractor 
under CDM. RSK undertook regular H&S and technical inspec-
tions during the site works to check compliance with in- house 
technical procedures and confirm the quality of data acquisi-
tion. Health and safety risks were managed effectively during 
the site investigation phase, with stop work authority applied 
by our lead site engineer on encountering unforeseen gross 
contamination at depth, giving time for the project team to eval-
uate the risks and put in place appropriate mitigation.

Robust, cost effective and defensible solution
As part of the reporting, a high level review of potential reme-
diation options and implications for the proposed site devel-
opment was presented taking account of site constraints. A 
key consideration for this site is whether there is likely to be a 
regulatory requirement for remediation of NAPL and dissolved 
phase impacts in the bedrock aquifer. In Scotland all ground-
water in bedrock is considered to have groundwater resource 
potential irrespective of quality and productivity, but in this 
case future groundwater abstraction in the area is unlikely. The 
lateral and vertical extent of the contamination impact at depth 
is not known and this will be technically complex and costly 
to establish due to the artesian conditions present. The report 
recommended that cost-benefit analysis should be undertaken 
to demonstrate that further assessment and remediation of the 
bedrock aquifer would be of disproportionate cost compared 
to the environmental benefit achieved, which SEPA is minded 
to consider.

Notwithstanding this, the presence of NAPL in unsaturated 
zone soils and shallow groundwater underlying the site is 
considered likely to be the key risk driver for remediation of the 
site. Treatment or removal of source areas (specific features, 
e.g. underground tanks, pipelines/ducts, unsaturated zone soils 
and shallow groundwater) would reduce the on-going risk of 
leaching and mobilisation of dissolved phase contaminants/
NAPL laterally and vertically. This would lead to an improve-
ment in shallow groundwater quality over time and reduce 
the associated risks of migration of contamination to the river 
and/or to the deeper aquifer. A range of potentially applica-
ble options were identified with a full options appraisal to be 
carried out as a later step.

The risk assessment that was completed and the consider-
ations for site development were based on the current Scottish 
Government and SEPA policy and technical guidance but it was 
also alert to the impending changes to this approach which are 
due to be enacted later in 2022.

Innovation and added value
Aside from the main focus of the investigation on creosote 
impacts, given the proposed ‘soft’ end use of the site to add 
value, the project also assessed the quality of topsoil pres-
ent on site and its potential to support rewilding and carbon 
sequestration. Working with agricultural soil specialists in RSK 
group company ADAS, soil samples were selected for test-
ing for fraction of organic carbon (foc) and topsoil analysis 
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of investigation and assessment, along with lateral 
delineation of identified shallow impacts and further 
groundwater assessment of dissolved phase impacts. 

In the course of these works, during careful sonic 
drilling to rockhead an unexpected result was found: 
despite the presence of a substantial thickness 
(up to 11m) of cohesive Till (stiff sandy gravelly 
clay), creosote impacts indicative of DNAPL were 
encountered at two locations at depth. These 
extended through the full thickness of the Till and 
into the underlying weathered bedrock, which was 
artesian. This finding markedly changed both the 
approach needed on site to manage SHE risks as well 
as having a major effect on the site conceptualisation 
and assessment of pollutant linkages. 

Best practice 
As highlighted above, the main aim of the second 
phase of the project was to refine the CSM and a 
much better understanding of the deeper geology 
and associated contaminant migration pathways 

at the site was developed as a result. Site visual 
and olfactory observations, supported by elevated 
concentrations of CoPC within soil samples from 
two deep boreholes installed in the core of  
Plume 1, confirmed creosote impact through the 
entire thickness of cohesive Till. This extended into 
the deep granular Till groundwater body where a 
creosote odour and globules of free phase product 
were observed in the grab samples of artesian 
groundwater that were able to be collected. This 
indicates that the cohesive Till is not acting as a 
barrier to contaminant migration in these areas. 
However, outwith the core of Plume 1, the converse 
was true with an absence of identified impact. 

The refinement of the CSM that was achieved 
is illustrated in the graphic below. This led to 
identification of an additional contaminant linkage 
involving migration of dissolved phase contaminants 
and NAPL from shallow soil and groundwater to 
a deep groundwater body within granular till and 
bedrock via a vertical saturated pathway.  
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As well as the detailed conceptualisation and 
effective consideration of uncertainties, other key 
areas of best practice on this project included: 

n detailed logging of undisturbed core samples 
from sonic drilling to assess creosote impacts and 
potential NAPL migration pathways using mobile 
data capture technology 

n management of change due to unforeseen ground 
conditions – including upgrading the site to 
BDA Red site, deployment of aquifer protection 
measures and modifying the sampling and analysis 
plan, including installation of monitoring wells 

n use of GWSDAT software to understand the 
distribution of key contaminants of concern and 
define groundwater plumes 

n correlation of multiple sources through TPH CWG 
composition analysis 

n use of all available lines of evidence to support 
DNAPL source definition as per the DNAPL 
handbook including visual/ olfactory evidence 
of impacts during drilling, well development and 
sampling; use of solubility limits; and interactions 
with dissolved phase plumes including 
ammoniacal nitrogen anticipated to have been 
used on site to treat the creosote 

RSK designed the investigations in accordance with 
relevant British Standards and technical guidance 
(including the DNAPL Handbook) and acted as 
Designer and Principal Contractor under CDM. RSK 
undertook regular H&S and technical inspections 
during the site works to check compliance with in-
house technical procedures and confirm the quality 
of data acquisition. Health and safety risks were 
managed effectively during the site investigation 
phase, with stop work authority applied by our 
lead site engineer on encountering unforeseen 
gross contamination at depth, giving time for the 
project team to evaluate the risks and put in place 
appropriate mitigation. 

Robust, cost effective and defensible 
solution 
As part of the reporting, a high level review of 
potential remediation options and implications for 
the proposed site development was presented 
taking account of site constraints. A key 
consideration for this site is whether there is likely 
to be a regulatory requirement for remediation of 
NAPL and dissolved phase impacts in the bedrock 
aquifer. In Scotland all groundwater in bedrock is 

 

 Figure 10b: TPH plume plot (October 
2021) 
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considered to have groundwater resource potential 
irrespective of quality and productivity, but in 
this case future groundwater abstraction in the 
area is unlikely. The lateral and vertical extent of 
the contamination impact at depth is not known 
and this will be technically complex and costly to 
establish due to the artesian conditions present. 
The report recommended that cost-benefit analysis 
should be undertaken to demonstrate that further 
assessment and remediation of the bedrock aquifer 
would be of disproportionate cost compared to 
the environmental benefit achieved, which SEPA is 
minded to consider. 

Notwithstanding this, the presence of NAPL in 
unsaturated zone soils and shallow groundwater 
underlying the site is considered likely to be the 
key risk driver for remediation of the site. Treatment 
or removal of source areas (specific features, e.g. 
underground tanks, pipelines/ducts, unsaturated 
zone soils and shallow groundwater) would reduce 
the on-going risk of leaching and mobilisation of 
dissolved phase contaminants/NAPL laterally and 
vertically. This would lead to an improvement in 
shallow groundwater quality over time and reduce 
the associated risks of migration of contamination 
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in accordance with BS3882-2015. Measured foc levels were 
found to be highly variable but some of the values exceeded 
those found on many brownfield sites, considered likely to be 
due to the vegetation that has self-established. This indicated 
that there is the potential to increase soil organic carbon as 
part of the proposed development, which is beneficial from a 
climate change/carbon zero perspective.

The BS3882 analysis revealed well drained soils with rela-
tively low nutrient (NPK) levels that are particularly suitable 
to support creation of grassland community or wildflower 
meadows.

Stakeholder engagement
Stakeholders include government agencies, non- government 
organisations, private sector and local community groups. 
Extensive consultation with the local authority, SEPA and the 
landowner was completed at key stages of the project. During 
the site investigation phase the client was kept informed of 
progress on a daily basis and provided with options to progress 
the site investigation effectively following the unforeseen 
ground conditions. During the investigation the local authority, 
SEPA and the local MSP visited the site where they were briefed 
on the site findings and potential implications for development. 

Environmental and social benefits
Aside from supporting brownfield remediation, the redevel-
opment of the site is part of a larger masterplan involving 
collaboration between a wide range of stakeholders that aims 
to deliver social, economic and environmental improvements 
along the river corridor, which is in an area of high economic 
deprivation. The primary objective of the investigation was to 

pave the way for the regeneration of a longstanding vacant and 
derelict land site to a space that can be used to its full potential 
by the local community. It also links to aspirations to achieve 
rewilding/biodiversity enhancement of the site and other bene-
fits relating to the river.

Summary
This project is a valuable case study that illustrates the impor-
tance of identifying the limitations of exploratory site inves-
tigations and uncertainties in conceptual site models – as 
mandated by the NQMS – and shows how more detailed site 
investigation can sometimes lead to a very different insight 
emerging. In this case, the supplementary site investigation 
undertaken and interpretation of a series of lines of evidence 
has demonstrated a contaminant linkage involving migration of 
DNAPL into a confined bedrock aquifer.

This entry was a good  
example of using and refining 
a Conceptual Site Model as an 

analysis tool and using multiple 
lines of evidence. They also 
praised the stakeholder and  

local community focus.
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Summary 

This project is a valuable case study that illustrates the importance of identifying the limitations of 
exploratory site investigations and uncertainties in conceptual site models – as mandated by the 
NQMS – and shows how more detailed site investigation can sometimes lead to a very different 
insight emerging. In this case, the supplementary site investigation undertaken and interpretation of 
a series of lines of evidence has demonstrated a contaminant linkage involving migration of DNAPL 
into a confined bedrock aquifer.
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to the river and/or to the deeper aquifer. A range of 
potentially applicable options were identified with a 
full options appraisal to be carried out as a later step. 

The risk assessment that was completed and the 
considerations for site development were based on 
the current Scottish Government and SEPA policy 
and technical guidance but it was also alert to the 
impending changes to this approach which are due 
to be enacted later in 2022. 

Innovation and added value 
Aside from the main focus of the investigation 
on creosote impacts, given the proposed ‘soft’ 
end use of the site to add value, the project 
also assessed the quality of topsoil present on 
site and its potential to support rewilding and 
carbon sequestration. Working with agricultural 
soil specialists in RSK group company ADAS, soil 
samples were selected for testing for fraction 
of organic carbon (foc) and topsoil analysis in 
accordance with BS3882-2015. Measured foc levels 
were found to be highly variable but some of the 
values exceeded those found on many brownfield 
sites, considered likely to be due to the vegetation 
that has self-established. This indicated that there is 
the potential to increase soil organic carbon as part 
of the proposed development, which is beneficial 
from a climate change/carbon zero perspective. 
The BS3882 analysis revealed well drained soils 
with relatively low nutrient (NPK) levels that are 
particularly suitable to support creation of grassland 
community or wildflower meadows. 

Stakeholder engagement 
Stakeholders include government agencies, non-
government organisations, private sector and local 
community groups. Extensive consultation with 
the local authority, SEPA and the landowner was 

completed at key stages of the project. During the 
site investigation phase the client was kept informed 
of progress on a daily basis and provided with 
options to progress the site investigation effectively 
following the unforeseen ground conditions. During 
the investigation the local authority, SEPA and the 
local MSP visited the site where they were briefed 
on the site findings and potential implications for 
development.

Environmental and social benefits   
Aside from supporting brownfield remediation, 
the redevelopment of the site is part of a larger 
masterplan involving collaboration between a 
wide range of stakeholders that aims to deliver 
social, economic and environmental improvements 
along the river corridor, which is in an area of high 
economic deprivation. The primary objective 
of the investigation was to pave the way for the 
regeneration of a longstanding vacant and derelict 
land site to a space that can be used to its full 
potential by the local community. It also links 
to aspirations to achieve rewilding/biodiversity 
enhancement of the site and other benefits relating 
to the river. 


