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Geology, Contaminated Land and Groundwater

This chapter identifies and describes the existing geology, contaminated land and groundwater
within the study area. It assesses the impacts of the proposed scheme on these features and
outlines measures for avoiding or mitigating these impacts wherever possible.

Within the study area, there are three geological/geomorphological Sites of Special Scientific
Interest (SSSI). Several potential sources of contamination have been identified within the study
area (including made ground, former landfills, backfilled quarries, waste treatment facilities,
rail, former mining and industrial facilities). Baseline groundwater quality is of poor quality in
places, mainly in the south. An aquifer of medium sensitivity has also been identified with a
moderate yielding potential, as well as some private water supplies (PWS).

The Firth of Forth SSSI is not at risk from a geological point of view. Reprofiling of Ferry Hills
SSSI rock cuts will require careful mapping of fracture networks and application of SNH
recommendations, but residual impacts are assessed as Slight. At St. Margaret’s Marsh SSSI,
constructing the road embankment with permeable material to allow sub-surface and runoff
flow and installation of a monitoring network both prior to and during construction will
significantly reduce impacts to Slight significance.

The absence or presence of shallow former mining is currently being investigated. If required,
stabilisation works will be undertaken and no residual impacts are anticipated.

A number of land contamination issues have been identified which will require mitigation, the
detail of which may need to be adjusted once all Gl data have been made available and risk
assessments have been undertaken. The residual risk with mitigation is Very Low to Low.

Groundwater supplied PWS at potential risk will be surveyed and if required groundwater flow
and quality monitoring will be installed in selected areas, or alternative supplies will be
provided. The residual significance of impact is Negligible/Slight. It is also proposed that the
road drainage/treatment systems will be lined in areas sensitive aquifers or nearby PWS,
resulting in Negligible/Slight residual impacts.

During construction, there will be a need to discharge intercepted groundwater, which could
pose a risk to the water environment. The 2009 Gl is currently being assessed and the output
will be used to inform Contractors and ensure that appropriate measures are put in place.

The proposed mainline road cutting to the southeast of South Queensferry is likely to generate
a local groundwater drawdown which could result in settlement and impact on adjacent
properties. The 2009 Gl will provide further information to inform the detailed design, and
condition surveys and monitoring of buildings and groundwater level will be put in place if
required resulting in a residual impact of Negligible/Slight significance.

Introduction

This chapter presents the assessment of the proposed scheme in terms of geology, land
contamination and groundwater issues. The chapter is supported by the following appendices,
which are cross-referenced in the text where relevant:

e Appendix A8.1: Land Contamination Assessment; and

e Appendix A8.2: Private Water Supplies (PWS) Assessment Criteria.

Road schemes can have potentially adverse impacts on the geology, land contamination and
groundwater, as summarised below.

Excavating or masking exposures of rocks or superficial geological deposits of particular scientific
interest can represent an adverse impact if the features of interest are not reproduced elsewhere in
the area. Impacts can also include restrictions on existing or potential commercial exploitation of
resources. Another potential issue is that ground conditions can also impose constraints on a
proposed road scheme, for example, where land has become unstable due to mining or has been
contaminated by previous land uses.

There is an inherent risk of spillage or leakage of fuel or oil from storage tanks or construction
plant. Without suitable mitigation measures, these pollutants could enter the aquifers and degrade
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water quality. Similarly, once a new road is opened, runoff from the surface may contain elevated
concentrations of pollutants such as oils, suspended solids, metals and in winter, salt and engine
coolants (e.g. ethylene glycol) which may find their way into the groundwater system.

Construction works involving excavation can lead to dewatering and also to contamination of drift
and bedrock aquifers.

This chapter presents the following:

e baseline conditions within the study area relating to solid and drift geology, mineral extraction,
contaminated land, groundwater and location of private water supplies;

e potential impacts of the proposed scheme with regard to the identified baseline conditions;

e mitigation measures in order to prevent, reduce or offset the potential negative impacts of the
proposed scheme; and

e asummary of the residual impacts taking into account proposed mitigation.

This assessment has been undertaken using the guidance contained in DMRB Volume 11
‘Geology and Soils’ (Highways Agency et al., 1993), taking into account updated guidance on
contaminated land risk assessment where appropriate.

Approach and Methods

The assessment covers a study area, in terms of distance from the centreline of the proposed
scheme, which is specific to each assessment category:

e 250m study area for geology and contaminated land; and

e 800m study area for groundwater resources and private water supplies (PWS).

The assessment has been undertaken for the following aspects of ground conditions:
e solid and drift geology;

o features of geological and geomorphological importance;

e mineral extraction and reserves;

e contaminated land, water and gas issues;

e groundwater environment; and

e groundwater PWS.

The assessment includes consideration of impacts on peat deposits as part of the assessment of
drift geology. Agricultural soils are also considered sensitive and can deteriorate as a result of
disturbance during construction, and their subsequent storage/reuse. Measures to address this
issue are considered in the context of short-term and long-term impacts on agricultural land
capability in Chapter 19 (Disruption Due to Construction) and Chapter 7 (Land Use) respectively.
Other soils are not considered sensitive to impacts from this type of development and were
therefore scoped out of the assessment.

Surface water supplies are assessed and reported in Chapter 9 (Water Environment).
Baseline Conditions

Baseline conditions were determined though a desk-based assessment, field surveys and
consultation with statutory and non-statutory bodies.
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Desk-based Assessment

8.2.6 The desk-based assessment included a review of the following information:

British Geological Survey (BGS) data including BGS Drift and Solid Geological Maps, BGS
Hydrogeological and Groundwater Vulnerability Maps;

Department of Environment Industrial Profiles and Contaminated Land Report (CLR) 8 (DEFRA,
2002) to identify the character of potentially contaminated land;

Ordnance Survey (OS) historical maps dating back to 1856 for information on former land use,
any potential contamination and physical hazards and information on private water supplies;

Scottish Environment Protection Agency (SEPA) Groundwater Vulnerability Maps (available at
www.sepa.org.uk);

Scottish Natural Heritage (SNH) designation database (SNH, 2008);

previous reports commissioned by Fife Council on the St. Margaret’s Marsh area for information
on previous land use in the area (Envirocentre, 2003; Envirocentre, 2004; Environ 2007);

results of previous studies including the Forth Replacement Study Initial Desk Study Report
December 2007 (Jacobs/AECOM/Faber Maunsell, 2007); and

Geological Conservation Review (GCR) database (JNCC, 2009).

Field Surveys

8.2.7 Field surveys were undertaken at specific locations within the study area, on the basis of the
findings of the desk-based assessment. The surveys undertaken include:

contaminated land site reconnaissance to identify any additional areas of potential
contaminated land and to clarify current land use as identified from historical maps;

geological site reconnaissance to identify any potential areas of geological/geomorphological
importance and identify any in-filled quarry areas;

hydrogeological survey to gather information relating to sensitive areas potentially supplied by
groundwater within the vicinity of the proposed options and to record any features that may
provide further information with regard to the importance of the quality and supply of
groundwater in these areas; and

walkover at St. Margaret’'s Marsh.

Consultations

8.2.8 Consultations were undertaken with a number of statutory and non-statutory bodies to inform the
assessment of geological and hydrogeological impacts and to identify contaminated land. These
included the following:

BGS for information regarding the nature of geology and hydrogeology in the near vicinity of the
proposed route options;

Coal Authority for information on past, current and potential future mine workings within the
route corridor and how they may affect future development;

Fife Council, City of Edinburgh Council and West Lothian Council for information on former
contaminated land use, Part IIA determinations, private and public water supplies, licensed fuel
storage and any additional relevant information; and

SEPA and SNH for information on the location and extent of environmental or historical
sensitivities in the vicinity of the proposed route options and to establish any future development
constraints.
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Ground Investigations (Gl)

Detailed land ground investigation (GI) took place in 2008, targeting areas that could be affected by
the proposed scheme in the north and the south of the Firth of Forth, depending on the design.
This 2008 Gl consisted of gathering site specific geological descriptions, as well as sampling soll
and groundwater for geotechnical testing and contaminants analysis and gas and groundwater
level monitoring.

A detailed marine Gl was also carried out in the Firth of Forth and consisted of sediment sampling
and bedrock characterisation.

The results of the 2008 marine and terrestrial Gl were reviewed to inform this Stage 3 assessment.
It is considered that the results from these 2008 investigations provide sufficient information for this
Stage 3 assessment.

As ongoing development of the scheme proposals altered the land that may be affected from that
surveyed in the 2008 GlI, an additional round of Gl was undertaken in summer 2009 (referred to as
2009 GI). At the time of completing the ES, the 2009 Gl results were still being assessed and are
therefore not included in this assessment. This additional Gl is however referred to in the mitigation
section of this assessment as it will inform aspects such as the detailed design.

Impact Assessment
In accordance with the general approach set out in Chapter 5 (Overview of Assessment Process)
and as described below, the significance of impacts on geology/geomorphology and contaminated

land has assessed taking into account receptor sensitivity and impact magnitude.

Solid and Drift Geology

For the purposes of this assessment, the sensitivity of geological features of interest within the
study area is defined for drift geology, solid geology and features of geological interest.
Assessment was undertaken by applying the sensitivity and magnitude criteria given in Tables 8.1
and 8.2. The impact significance was then determined using Table 8.3.

Table 8.1: Sensitivity Criteria - Geological Features

Sensitivity | Description
High Areas containing unique or rare geological or geomorphological features considered to be of national
9 interest. e.g. Sites of Special Scientific Interest (SSSI).

Medium Areas containing features of designated regional importance considered worthy of protection for their
educational, research, historic or aesthetic importance. e.g. Regionally Important Geological Sites (RIGS).
Features not currently protected but that may require specific protection in the future e.g. Geological

Low . .
Conservation Review (GCR).

Negligible Features not currently protected and unlikely to require specific protection in the future.

Table 8.2: Magnitude Criteria - Geology

Magnitude | Description

Partial (greater than 50%) or total loss of a site, or where there would be complete severance of a site

High such as to affect the value of the site.

Medium Loss of part (between approximately 15% and 50%) of a site, major severance, major effects to the
setting, or disturbance such that the value of the site would be affected, but not to a major degree.

Low Minimal effect on a site (up to 15%) or a medium effect on its setting, or where there would be a minor
severance or disturbance such that the value of the site would not be affected.

Negligible Very slight change from baseline condition. Change hardly discernible, approximating to ‘no change’

conditions.
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Table 8.3: Matrix for Determination of Impact Significance — Geology

Sensitivity
Negligible Low Medium High
Magnitude
High Slight Moderate Moderate/ Substantial Substantial
Medium Negligible/ slight Slight/Moderate Moderate Moderate/Substantial
Low Negligible Negligible/Slight Slight/Moderate Moderate
Negligible Negligible Negligible Negligible/Slight Slight

Mineral Extraction

Specific criteria were not defined for the assessment of mineral extraction as these aspects
primarily represent engineering considerations for the scheme construction and their extent, nature
and required mitigation will be assessed by specific Gl undertaken by the Contractor prior to
detailed design of the proposed scheme. However the occurrence and proposed management of
these aspects has been considered, assessed qualitatively, and presented as part of this
assessment.

Contaminated Land

The assessment focused on the potential for impacts on receptors (including construction workers)
as a consequence of encountering contaminated land using a conceptual site model (CSM)
developed for the proposed scheme. A receptor can be a person (including construction workers),
the water environment, flora, fauna or building/structures. The CSM represents a network of
relationships between potential sources from within the study area and exposure of the receptors
through different pathways. For the purposes of this assessment, the CSM disregards those
pathways that are incomplete and therefore cannot pose a risk to any of the identified receptors.
Where a source, pathway and receptor combination exists this is referred to as a complete
pollutant linkage, in which case a generic quantitative risk assessment was then undertaken.

Current DMRB guidance (Highways Agency et al., 1993) advises that contaminated land should be
assessed in accordance with the Interdepartmental Committee on the Redevelopment of
Contaminated Land (ICRCL) guidelines when extensive contaminated land testing is undertaken.
However, the ICRCL guidance note 59/83 has now been withdrawn by the Department for
Environment Food and Rural Affairs (Defra), and SEPA recommends that authoritative and
scientifically-based assessment criteria in a risk assessment framework be used instead. On this
basis, Generic Assessment Criteria (GAC) have been defined.

Appendix A8.1 summarises the CSM for the purposes of informing the EIA process and includes a
full rationale and detailed assessment of land contamination issues within the study area, including
the definition of GAC and the results included as necessary for the purposes of DMRB Stage 3
assessment.

The output of the generic quantitative assessment can not be reported in terms of ‘sensitivity’.
Instead, it is reported as the ‘likelihood' of a complete pollutant linkage being present, which is
defined in CIRIA 552 (CIRIA, 2001) and summarised in Table 8.4. The magnitude, or
‘consequence’, of the effect of contaminated land on likely receptors is outlined in Table 8.5 and
overall risk category taking account of both likelihood and consequence is identified with reference
to the matrix in Table 8.6.
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Table 8.4: Likelihood Criteria — Contaminated Land

Likelihood Definition

High There is a complete pollution linkage of an event that either appears very likely in the short-term and
likelihood almost inevitable over the long-term, or there is evidence at the receptor of harm or pollution.

There is a complete pollution linkage and all the elements are present and available, which means that it
Likely is probable that an event will occur. Circumstances are such that an event is not inevitable, but possible in
the short-term and likely over a long-term.

There is a complete pollution linkage and the circumstances are possible under which and event could

ITOW. occur. However, it is by no means certain that even over a longer period such an event would take place,
likelihood - ; .

and is less likely in the shorter term.
Unlikely There is a complete pollution linkage but circumstances are such that it is improbable that an event would

occur even in the very long-term.

Table 8.5: Magnitude (Consequence) Criteria — Contaminated Land

Magnitude | Definition

Short-term (acute) damage to human health (significant harm).

Pollution of sensitive water resources as a result of short-term exposure.
Damage to a particular ecosystem as a result of acute exposure.
Catastrophic damage to buildings/property.

Severe

Long-term (chronic) damage to human health (significant harm).
Medium Pollution of sensitive water resources as a result of chronic exposure.
A significant change in a particular ecosystem, or organism forming part of such an ecosystem.

Pollution of non-sensitive water resources.
Mild Significant damage to crops, buildings, structures and services.
Damage to sensitive buildings/structures/services or the environment.

Harm (not necessarily significant), which may result in financial loss or expenditure to resolve.
Minor Non-permanent health affects to human health.
Easily repairable damage to buildings, structures and services.

Table 8.6: Matrix for Determination of Generic Quantitative Risk Assessment: Contaminated Land

Likelihood
Unlikely Low likelihood Likely High likelihood

Consequence

Severe Moderate/low Moderate High Very high

Medium Low Moderate/low Moderate High

Mild Very low Low Moderate/low Moderate

Minor Very low Very low Low Moderate/low
Groundwater

The assessment considered groundwater sensitivity in the context of hydrogeological conditions
including groundwater resources. Criteria for the definition of groundwater sensitivity are reported
in Table 8.7.

Criteria for the definition of PWS sensitivity are based mainly on the proximity of the PWS to the
proposed scheme. However, where appropriate, the topographic location with respect to the
proposed scheme and the type of abstraction (i.e. well or spring) was also considered to refine the
sensitivity. A decision tree for the classification of the sensitivity of PWS is reported in
Appendix A8.2.

Criteria for the definition of magnitude of impact on groundwater resources are reported in
Table 8.8.
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8.2.23 Criteria for the definition of the magnitude of impact on PWS yield and quality are based primarily
on the type of road profile (e.g. cutting, embankment or transition cutting-embankment) facing the
PWS. However, where appropriate, the vulnerability of groundwater flow to sub-surface disruptions
was also considered to refine the magnitude of impact. A decision tree for the classification of the
magnitude of impact is reported in Appendix A8.2.

8.2.24 The impact significance was then determined using the same matrix as for geology/geomorphology
as shown in Table 8.9.

Table 8.7: Sensitivity Criteria - Groundwater

Sensitivity

Description

High

Local aquifer(s) constitutes a valuable resource because of its high quality and yield, or extensive
exploitation for public, private domestic, agricultural and/or industrial supply.

Designated sites of nature conservation dependent on groundwater.

Medium

Local aquifer(s) are of limited value because quality does not allow potable or other quality sensitive
uses. Exploitation of local groundwater is not extensive.

Local areas of nature conservation known to be sensitive to groundwater impacts.

Low

Poor groundwater quality and/or low permeability make exploitation of groundwater unlikely. There no
known past or existing exploitation of this water body.

Changes to groundwater not expected to have an impact on local ecology.

Negligible

Very poor groundwater quality and/or very low permeability make exploitation of groundwater
unfeasible.

Private water supplies are abandoned.
Changes to groundwater are irrelevant to local ecology.

Table 8.8: Magnitude Criteria - Groundwater

Magnitude Description
Major permanent or long-term change to groundwater quality or available yield. Existing resource use

High is irreparably impacted upon. Changes to quality or water table level would have an impact upon local
ecology.

Medium Changes to the local groundwater regime are predicted to have a slight impact on resource use. Minor
impacts on local ecology may result.

Low Changes to groundwater quality, levels or yields do not represent a risk to existing resource use or
ecology.

Negligible Very slight change from groundwater baseline conditions approximating to a ‘no change’ situation.

Table 8.9: Matrix for Determination of Impact Significance — Groundwater

Sensitivity
Negligible Low Medium High
Magnitude
High Slight Moderate Moderate/ Substantial | Substantial
Medium Negligible/Slight Slight/Moderate Moderate Moderate/ Substantial
Low Negligible Negligible/Slight Slight/Moderate Moderate
Negligible Negligible Negligible Negligible/Slight Slight

Limitations to Assessment

8.2.25 Limitations to this assessment are as follows:

e The identification of potential contamination sources relies on the accuracy of historical mapping
and the 2008 GIl. Any potential contamination source not encountered during the 2008 GI or

identified through desk-based assessment and consultation is not reported.

e The listings of wells and springs is based on information received from consultation with the
local Councils, land owner consultation, historical and current OS maps and walkovers. Any
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wells and springs not notified by the Councils or landowners, not identified during surveys or
landowner consultation undertaken during the current study or not recorded on OS maps are
not assessed or reported within the ES.

e Although some information on PWS is presented within this chapter, it should be noted that
detailed consultation, risk assessment and mitigation design may continue as part of the pre-
construction activities for the proposed scheme. As such the exact location and technical
characteristics of some springs and wells is yet to be determined.

Baseline Conditions

This section describes the baseline conditions identified through the collection and review of
information from existing sources, additional survey work, consultation responses, and the results
of the 2008 marine and terrestrial Gl.

Solid and Drift Geology

Information on geology and on geological/geomorphological features of importance has been
sourced from relevant BGS geological maps (BGS, 1962 to 1994), SNH databases (2008),
Geological Conservation Review (GCR) database (JNCC, 2009) and previous desk study reports
(Jacobs et. al., 2007). General geological descriptions are complemented by the 2008 Gl results.

Bedrock outcrops along and adjacent to the route have been surveyed and mapped, and are
reported as discontinuity assessments in the Ground Investigation Reports (Jacobs Arup, 2009a;
2009b).

The geomorphology of littoral sediments is addressed in Chapter 9 (Water Environment).
Firth of Forth

The bedrock across the Firth of Forth is represented by a sedimentary sequence (Strathclyde
Group) comprising mainly oil shales, sandstones and siltstones locally intruded at different levels
by a dolerite/gabbro sequence. Volcanic rocks, limestone and coal are also present locally.

Rock outcrops are present at the surface at Beamer Rock but elsewhere the bedrock beneath the
Firth is overlain by superficial deposits, which generally comprise an alluvial sequence of soft
organic sandy silt and clay or loose organic clayey sand. The alluvium is underlain by a variable
sequence comprising granular fluvio-glacial deposits and cohesive glacial till.

The presence of the Beamer Rock informally divides the Firth of Forth into three areas, namely the
Southern Estuarine, Beamer Rock and the Northern Estuarine.

No areas of geological/geomorphological importance were identified within the Firth of Forth.

Benthic baseline surveys including sediment distribution are summarised in Chapter 11 (Estuarine
Ecology).

Northern Estuarine

This area is defined as the channel (-33m AOD) between Beamer Rock and the northern shore of
the Firth of Forth.

From the north channel, the river bed level rises at a gradient of approximately 1:10 northwards to
the Rosyth Channel which is dredged to a depth of -12 to -16m AOD. The north margin of this
channel rises at a gradient of about 1:28 towards the even more gently sloping north foreshore
which extends for about 250m towards the northern landfall of the crossing corridor to the east of
Cult Ness.
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Findings reported in the draft Setting Forth Environmental Statement (ERM, 1996) investigations
and the 2008 marine site investigation indicated that rockhead depth varies between -5m AOD to
the north and about -32m AOD.

The superficial deposits in the area are almost absent at the north shore, increasing to a maximum
of around 25m. The superficial deposits comprise a general downward succession of soft organic
sandy silts and clays or loose organic clayey sands, these materials are described as Alluvium of
Holocene (Recent) age. The alluvium is underlain by a variable sequence of granular fluvioglacial
deposits and generally cohesive glacial till of Pleistocene age.

The underlying bedrock in the north channel generally comprises a varied succession of
predominantly sedimentary rocks with volcanic rocks (Strathclyde Group).

However, the underlying bedrock near the shore mainly comprises volcanoclastic breccia of Visean
age (Early Carboniferous) up to 33m thick. Below this breccia, one of the exploratory holes
confirmed rocks of the Strathclyde Group, which is locally intruded by igneous material.

Beamer Rock

This area is defined as being between the topographic lows of the channel to the south (-45m
AOD) and the channel to the north (-33m AOD).

The river bed rises steeply at Beamer Rock which reaches an elevation of about 2.3m AOD close
to the existing lighthouse. The area of rock exposed varies with the tide, reaching about 45m by
95m at low water springs. The bathymetric surveys have shown that the south and east sides of
Beamer Rock are extremely steep with near vertical faces. The north edge is less steep with
gradients of around 1:2. The bedrock at this location comprises around 43m of igneous rock
(dolerite and gabbro) underlain by a succession of predominantly sedimentary rocks with
subordinate units of igneous and volcanic rocks (mainly tuffs), non-marine limestones and coal
(Strathclyde Group).

The Admiralty Chart Sheet 736 shows a ‘spoil ground’ immediately upstream of Beamer Rock.
Southern Estuarine

This area is defined as the channel (-45m AOD) between Beamer Rock and the southern shore of
the Firth of Forth.

The study area starts at the southern shore to the west of the Port Edgar Marina and crosses
gently sloping tidal flats for a distance of about 500m at which point the river bed falls more steeply
at a gradient of about 1:12, reaching a level of about -45m above Ordnance Datum (AOD) at the
centre of the main channel.

The bedrock level follows a similar profile to the sea bed profile sloping to the north towards the
proposed southern tower position at a gradient of about 1:10. The bedrock level is around
- 3.5m AOD to the south falling to around -40m AOD at the southern tower location.

The superficial deposits in this area are very thin at the southern shore and increases to
approximately 20m at the proposed southern tower location (ch5243). However the thickest drift
was recorded at a distance of approximately two thirds of the way from the southern shore to the
southern tower location, possibly indicating the presence of a buried channel.

In this area the marine Gl indicated the presence of sedimentary rock of the Strathclyde Group
which includes subordinate igneous and volcanic rocks. Below approximately -70m AOD the
sedimentary sequence is intruded by an igneous sill composed of dolerite.
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Northern Study Area

Solid Geology

The east-northeast to west-southwest trending Rosyth Fault crosses immediately to the north of the
proposed route corridor. BGS data (1986) indicate that igneous rocks are mostly present to the
south of the Rosyth Fault while sedimentary Carboniferous Strathclyde Group rocks are mostly
present to the north of the fault. However, a small section of the western side of the proposed route
in the vicinity of Castlandhill and a narrow corridor to the west of Ferry Hills also features
Strathclyde Group bedrock. A series of faults generally trending east-west and intercepting the
proposed route are indicated on the BGS map, one of them crossing near the limit between the
northern study area and the Firth of Forth.

BGS data (1986) indicate that the Carboniferous Strathclyde Group comprises mainly sandstone
with interbedded siltstones, mudstones and a few limestones. Amongst the igneous rocks, the
main bedrock type comprises quartz and dolerite.

The 2008 Gl confirmed the presence of igneous rocks comprising mainly of dolerite, rarely
interbedded with sedimentary strata, with a thickness in excess of 35m at mainline ch7450. The
igneous lithologies appear to be shallower between mainline ch6800-7100 and in proximity of
ch8000, which corresponds to bedrock outcrops or near surface on BGS maps.

Sedimentary rocks, corresponding to the Strathclyde Group with an interbedding of sandstone,
siltstone and mudstone, have been recorded by the Gl approximately between mainline ch7200-
7500 and ch8300-9300.

In the proximity of ch7150 the 2008 GI recorded pelite and psammite produced by contact
metamorphism of the dolerite magma intruded within pre-existing sedimentary strata.

Black vitreous coal with a thickness of 0.3m has been recorded at depths between 29.5m and
29.8m below ground level (bgl) in the proximity of mainline ch7150 and between 23.0 and 23.3m
bgl adjacent to the proposed northbound slip road from Ferrytoll Junction to the mainline (mainline
ch8170) shown on Figure 8.5a.

Rockhead elevation contours have been produced using the 2008 Gl logs and are shown on
Figure 8.1. The contours suggest that rockhead tends to follow the topographic gradients of the
region.

Drift Geology

The superficial deposits present beneath the route of the proposed scheme include made ground,
lacustrine deposits, raised beach deposits and glacial till.

Made ground is indicated at the following locations in the northern study area as shown on
Figure 8.4a:

e St. Margaret's Marsh: reclaimed land which may be variable in composition, and may include
compressible material,

¢ embankments associated with the existing road and railway network;
e Belleknowes Industrial Estate;

e at the location of a number of former quarries including Welldean Quarry, to the east of St.
Margaret’s Marsh, and Ferrytoll Quarry, to the east of the existing A90;

¢ inthe area occupied by Welldean Cottages; and

¢ to the east of the existing A90, south of Dunfermline Wynd.
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BGS data (1986) indicate that the more widespread glacial till in this area typically comprises a firm
to very stiff sandy silty clay with fine to coarse gravel and occasional cobbles and boulders (BGS,
1986). The 2008 Gl confirmed the presence of mostly firm to very stiff (occasionally soft) slightly
sandy slightly gravelly clay with occasional cobbles and boulders (glacial till). At ch7400 however
the glacial till is predominantly a very soft to soft slightly sandy to slightly gravelly clay. Granular
deposits (sand and gravel) are often recorded as interbedded within the clayey till sequence.

Lacustrine deposits are distributed as small patches between the A90 and Castlandhill Woods and
nearby the Ferry Hills and are recorded as comprising laminated and locally organic-rich clay, silt
and fine sand (BGS, 1986).

Marine beach deposits, located in the south-western part of Rosyth between the A90 and the B980
Junction, are described as comprising mainly loose to medium dense, occasional dense, sands
and gravels, and may include very clayey and silty horizons with some cobbles (BGS, 1986).

During the 2008 GI, organic clay locally comprising pockets of peat have been recorded below
1.80m of made ground adjacent to the proposed FRC northbound slip road. This information
correlates with logs from two nearby boreholes held at BGS map indicating clay-peat deposits but
contradicts the BGS geological maps indicating lacustrine deposits instead.

Drift thickness contours have been plotted and are shown on Figure 8.2. A maximum drift
thickness of 36m, comprising 18m of made ground and 18m of glacial till, has been recorded
approximately at mainline ch7450. The drift thickness fluctuates between Om and 10m in the area
to the west of the Ferry Hills (between ch6800-7350) and from ch7650-8400, between 10 and 36m
from ch7350-7650 and between 10 and 26m from ch8400-9300.

SSSI

A number of areas of geological importance have been identified within the study area and are
listed in Table 8.10 and illustrated on Figure 8.3 (Geological Constraints).

Table 8.10: Geological Features of Importance in the Northern Study Area

Area Name Designation Cited Feature Category
St. Margaret's Marsh SSSI Salt marsh Littoral sediment (Coast)
Ferry Hills SSSI Carboniferous-Permian Igneous Igneous petrology
. . Carboniferous-Permian Igneous Igneous petrology
Firth of Forth SSSI
Coastal Geomorphology of Scotland | Geomorphology

* Note: Firth of Forth SSSI designation covers shoreline areas in both northern and southern study areas, but not the Firth of
Forth itself (SNH, 2008).

Ferry Hills was classified as a SSSI because of new bedrock exposure following the extensive road
cuttings along the A90 (SNH, 2008). This cutting is considered to provide the best and most
comprehensive fresh exposures of the Late Carboniferous age Midland Valley Sill complex which
underlies much of the central Midland Valley of Scotland. The SSSI is located at the following
approximate chainages, adjacent to the proposed scheme and shown on Figure 8.3a:

e ch6800-7300 (Ferry Hills);
e ¢ch7500-7800 (southwest of Jamestown);
e ch8150- 8500 (northwest and west of the cemetery); and

e near Fairy Kirk (north of the proposed scheme).

St. Margaret's Marsh is classified by SNH as a SSSI due to the saltmarsh feature which falls within
the category of 'littoral sediment' (SNH, 2008). This is a biological classification with no geological
elements rated as sensitive in the citation. This interpretation was confirmed during an SNH
consultation meeting that took place on 05 November 2008, in which SNH confirmed that St.
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8.3.46

8.3.47

Margaret's Marsh is protected solely for its saltmarsh and reedbed habitats as detailed in Chapter
10 (Terrestrial and Freshwater Ecology). For this reason, St. Margaret's Marsh geology is not
considered to be sensitive and is therefore assessed only in the general context of underlying
geology, although its shallow groundwater conditions are likely to be linked to the protected
habitats and therefore will be covered in the groundwater section (paragraphs 8.3.103-8.3.104).

Ferry Hills SSSI is the only GCR database site (JNCC, 2009) present in the northern study area.

Southern Study Area

Solid Geology

According to BGS information, the majority of the solid geology beneath the study area consists of
sedimentary rocks of the West Lothian Oil-Shale formation of the Strathclyde Group, which mainly
comprises sandstone, siltstone, mudstone, oil shale, thin coal seams and limestone. Igneous
intrusive rocks comprising dolerite/teschenite, also of Lower Carboniferous age, are present within
some areas, particularly near the coastline towards the north of the study area and in the vicinity of
Dundas Loch-Dundas Castle and immediately to the southwest of Kirkliston where the igneous
lithologies are outcropping or close to surface.

A fault trending southeast-northwest (Ochiltree Fault) is indicated on BGS maps at ch3300.

The 2008 Gl confirmed that the solid geology below the proposed scheme consists of an
interlayering of sedimentary lithologies comprising mudstones, sandstones, siltstones with
occasional thin beds of limestones. Igneous sequences consisting of basalts, dolerite or gabbro,
sometimes interbedded with sedimentary strata, have been recorded at variable depth between
ch3100-4600 and again at the very southern end of the proposed scheme (ch1500, southeast of
the M9 Junction 1A) with a thickness in excess of 17m of dolerite. The igneous lithologies of
basaltic composition appear to be shallower from ch3600 to ch4600 (Figure 8.1), which would be in
accordance with the BGS maps that show igneous lithologies close to surface or outcropping within
or near to the proposed route land-take.

The 2008 GI recorded volcanic breccia and tuff within a sedimentary sequence of mudstone and
limestone to the north of ch100 (M9 Spur).

Rockhead elevation contours have been produced using the 2008 Gl logs and are shown on
Figure 8.1. The contours suggest that rockhead tends to follow the topographic gradients of the
region.

Drift Geology
The superficial deposits (drift) present beneath the route of the proposed scheme in the southern

study area include the following as shown on Figure 8.2c-f:

e made ground located at embankments associated with the existing road and railway network.
Made ground of thickness varying from less than 1m up to 1.4m has been found at ch2500
(Figure 8.4c), north of ch2130 (Figure 8.4b) and at ch4540 (Figure 8.4b);

e small areas of undifferentiated alluvium recorded along the Swine Burn and Niddry Burn;
e lacustrine deposits comprising silt and clay recorded to the northwest of Dundas Home Farm;

e marine beach and raised tidal deposits located in a thin strip parallel to the shoreline, and are
described as comprising mainly sand, silt and gravel,

e glacial till covering the majority of the area beneath the proposed scheme, mainly consisting of
stiff gravelly sandy clay (however it is not uncommon to find granular horizons i.e. sand and
gravel within the till sequence). The thickness of these granular horizons is generally less than
3m. The upper section of the till (up to approximately 2m thick) consists mainly of soft to firm
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sandy to gravelly clay with occasional cobbles. The till is in excess of 10m thick at
approximately ch1490-2000 and ch2500-3200. A maximum thickness of 30.4m was recorded
close to ch1800, in proximity to the Dundas Home Farm; and

e a small area of glaciofluvial deposits is indicated on the BGS map in the vicinity of ch0 of the M9
Junction 1A loop.

Drift thickness has been mapped using the 2008 GI logs and is shown on Figure 8.2. Maximum
drift thickness has been recorded in proximity of the Dundas Home Farm as mentioned above. The
drift thickness fluctuates between 2m and 10m in the area of the existing M9 Junction 1A, between
4 and 10m at mainline ch2000-2500, between 10 and 31m in the area of Dundas Home Farm
(ch1490-2000), between 10 and 15m roughly parallel to the A904 (ch2500-3200) and between Om
and 10m in the northernmost section sloping towards the Firth of Forth ch3200-4600).

SSSI

Two features of geological/geomorphological importance have been identified within the Firth of
Forth. These features are listed in Table 8.11 and illustrated in Figure 8.3.

Table 8.11: Geological Features of Importance in the Southern Study Area

Area Name Designation Feature Category
. Carboniferous-Permian Igneous Igneous petrology (unusual rock type
Firth of Forth SSSI 9 9 P 9y ( yee)
Coastal Geomorphology of Scotland Geomorphology

* Note: Firth of Forth SSSI designation covers shoreline areas in both northern and southern study areas, but not the Firth of
Forth itself (SNH, 2008).

No GCR database sites (JNCC, 2009) are present within the southern study area.

Mineral Extraction

Firth of Forth

According to the Coal Authority consultation response, the Firth of Forth is not within an area which
is likely to be influenced by past or present underground or open cast coal mining and associated
workings. In addition, the Firth of Forth is not within an area for which the Coal Authority has
granted, or is determining whether to grant, a licence to remove coal using underground workings

(Coal Authority, 2008).

Northern Study Area

Historical pits and quarries have been identified following a review of historical maps (1856-2007).
The quarries noted within the northern study area are listed in Table 8.12 (potential contaminant
sources classified in the mineral extraction category) and illustrated on Figure 8.4a.

According to Coal Authority records (2008) and detailed review of potential past mining activities,
the northern study area does not lie within an area which is likely to be influenced by past, present
or future underground coal workings. The northern study area does not lie within the boundaries of
any present or likely future open cast coal mines.

Limestone, fireclay and mudstone are understood to have been worked in the region of Fife. The
Charleston Main Limestone outcrop extends north east from approximately up to 50m north of
Fairy Kirk Quarry and is typically 3m thick and underlain by thin coal and 3m of 'seatearth' or
'fireclay’. Underground workings are known to exist outside of the study area under the current MO0
at Middlebank. From these underground workings, the thin coal and underlying fireclay was
extracted between approximately 1854 and 1877, with the limestone seam left in place to form the
roof of the workings. The Maunsell Carl Bro (1995b) report indicates that it is not known to what
extent any consolidation of the mine workings were undertaken during the construction of the
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existing motorway. A coal seam and fireclay below the Charleston Main Limestone are indicated by
a mine abandonment plan to have been worked underground at shallow levels at the northern end
of the existing Masterton Junction, however this is beyond the study area.

In conclusion, there are no mining related issues in the northern study area.

Southern Study Area

Historical pits and quarries have been identified following a review of historical maps (OS,
1853-2007). The quarries noted within the southern study area are listed in Table 8.13 (potential
contaminant sources classified in the mineral extraction category) and illustrated on Figure 8.4b-c.

A detailed mining assessment which included consultation with the Coal Authority and a review of
geological maps, mine abandonment plans, publications and consultant’s reports, is presented in
the Ground Investigation Reports (Jacobs Arup, 2009a; 2009b) and the main conclusions are
summarised below.

The proposed route to the south of the Firth of Forth traverses an area where historically there
have been underground mining activities, principally for oil-shale within the Lower Carboniferous
strata.

Mainline

The route of the proposed scheme between ch1500 and ch4300 is underlain by strata belonging to
the West Lothian Qil-Shale Formation of Lower Carboniferous age, which includes a number of
potentially economic mineral horizons (oil shales and occasional limestones). Three oil-shale
seams have been recorded as worked in the past as part of No.3 Pit at Dalmeny. The oil-shales
were worked using stoop and room methods where pillars or stoops of the mineral mined were left
in place.

Past studies for the M9 Spur Extension and A90 upgrading identified significant voids in the
workings, and mine working consolidation works were recommended to stabilise the underground
workings for the proposed extension. It is estimated that the oil-shale mine workings associated
with the Dalmeny No.3 Pit will underlie the area at depths of the order of 60 to 100m bgl. The
possibility of unrecorded mine workings beyond the recorded limits is considered unlikely.

There are no records of any underground workings along the remainder of the proposed mainline,
and the risk of possible unrecorded mine workings is considered to be low.

Queensferry Junction
No mining constraints have been identified in this area with regard to the known oil-shale horizons.

There is a history of workings in the Burdiehouse Limestone in this area, with a possibility of
unrecorded working from the base of an old quarry located approximately 1km to the west of where
the A904 would tie-in to the proposed scheme at Queensferry Junction. However, the risk of
shallow mine workings being present is considered to be low as any workings, if present, would be
expected to be localised and limited in extent. In addition, based on the indicated seam dip (10°),
any working would be at a significant depth beneath the proposed tie-in area.

M9 Junction 1A (M9 Spur) Improvements

The route of the proposed scheme crosses the sub-crop of a number of oil-shale seams which
would appear to be poorly developed in the area. There is evidence that mineral investigations took
place around the turn of the last century, presumably for oil-shales, however there are no records
of any oil-shale mining, or indeed mining for any other minerals in this area. It is considered
unlikely that unrecorded oil-shale mine workings are present, due to the generally well documented
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and essentially complete nature of oil-shale mining records in general; this is also supported by
more recent intrusive investigations.

There is evidence of surface quarrying within the horizon of the Burdiehouse Limestone in this
area; however quarrying was undertaken locally and presumably was of a shallow nature located
along the sub-crop of the limestone. Consequently, the possibility of localised surface workings
within the Burdiehouse Limestone which are not documented on the historic OS maps or other
information sources cannot be discounted.

A90 to A8000 Bus Link

An extensive area of oil shale workings (three oil-shale seams) associated with the former Dalmeny
No 3 pit is located to the south and below the proposed bus lanes. There is no existing Gl
information of sufficient depth to have encountered these workings beneath the proposed bus route
due to their considerable depth beneath the surface.

Contaminated Land

Potential sources of contamination are listed below for each area. These were identified through
the examination of historical OS maps dating from 1856 until present, field survey and the 2008 Gl.

The following sections summarise the currently available information on land contamination issues
known or suspected to be present along the proposed route corridor. Detailed information is
presented in Appendix A8.1.

Firth of Forth

The Firth of Forth has been dredged extensively throughout the course of the 20th century to
ensure the free passage of shipping to Rosyth and Grangemouth. Extensive dredging has been
undertaken by the Navy during the development of Port Edgar and Rosyth and over the past
century approximately three million cubic metres of material has been removed from the sea bed at
Rosyth alone (Jacobs et al., 2007).

Potential contamination in the sediments in the Firth of the Forth include radioactive contamination
from authorised discharges from the Rosyth Naval Yard, hydrocarbon contamination from sea-
going vessels and a wide range of contaminants from the various industrial processes that have
been undertaken along the shores of the Forth. As there is regular maintenance and dredging at
Rosyth and Port Edgar, contaminants have the potential to be mobilised from the sediments into
the Firth of Forth. Re-suspension of sediments is reported in Chapter 9 (Water Environment).

Sampling and analysis of sediments was undertaken in this area during the marine Gl and the
presence of metallic, organic and inorganic contaminants were identified in sediments:

e the concentrations of chromium, copper, lead and ammoniacal nitrogen exceeded
environmental acceptable levels for the marine environment in some samples analysed.

e total petroleum hydrocarbons exceeded the generic assessment concentrations for risks to
humans; and

¢ soluble sulphates were assessed as potentially affecting structures.

Environmental acceptable levels are defined in the ‘Risks to Water Environment’ section of
Appendix A8.1.

Benthic baseline surveys, including sediment-bound contaminant concentrations in shallow
sediments, are summarised in Chapter 11 (Estuarine Ecology).
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Potential contamination sources for the northern study area (source references N1 to N29) are

described and labelled in Table 8.12 for each source category and are shown on Figure 8.4.
Further details on St. Margaret’s Marsh area are also provided in paragraphs 8.3.75 and 8.3.76.

Table 8.12: Potential Contamination Sources for the Northern Study Area

Source
Ref.

Potential source

Existence on
Historical Maps

Gl evidence

Location of potential source
relative to proposed route

Made ground

St. Margaret’s

Pre 1927
breakwater.

Realignment of B981 at the

N1 Marsh reclaimed Starts to form in Not investigated. western edge of the reclaimed
land 1927. Infilled by land.
1967-current
Made ground in the Made ground identified to In route of the proposed scheme
N27 Welldean Cottage Not marked 0.85m bgl. Elevated metals and existing A90
area in soils.
N28 Isolated made Not marked Hydrocarbqn In route of the prop_osed scheme
ground contamination. and Ferrytoll Junction
Made ground either g/llgr?e g;(i)stiir;d I?:unttelzﬂed In route of the proposed scheme
N31 side of the existing Not marked 9 9 : prop
. Elevated metals and and Ferrytoll Junction
carriageway 3 )
hydrocarbons in soils.
Refuse tip/landfill
N2 St. Margaret's Bay 1958-1972 Yes, described in Realignment of B981at the
landfill paragraph 8.3.76. western edge of likely landfill area.
Ferrytoll Quarr Approx 150m east of where
N5a Nort)rq y 1961-1994 Not investigated. upgrading of the existing A90 is
proposed.
Ferrytoll Quarr Approx 150m east of where
N5b Sout);1 y 1961-1991 Not investigated. upgrading of the existing A90 is
proposed.
Approx 100m east of where
N6 Ferry Hills Landfill 1972-1982 Not investigated. upgrading of the existing A90 is
proposed.
Refuse t Contamination oberved | APPIOX 250m cast o uere
N7 P 1951-current day : upgrading of the existing A90 is
(unnamed) (Gl open hole drilled roposed
straight into rockhead). prop '
N30 East Tip 1972-current day | Not investigated. Approximately 250m west of the

B981 Realignment.

Mineral extraction

Approx 200m east of the main

(Quarry); 1916
(pond)

observed. No elevated
contaminants recorded in
soil samples.

N13 Old Quarry 1 1896-1915 Not investigated. crossing viaduct area.
N14 Quarry 1 1915-1927 Not investigated. Approx 200m east of the Main
Crossing viaduct area.
No contamination
St. Margaret’s 1896-1927 (1961 | observed (Gl open hole Approx ]'_OOm east of the Forth
N15 Quarr marked disused) | drilled straight into Road Bridge and A90 southbound
y 9 slip road from Ferrytoll Junction.
rockhead).
Approx 200m east of Forth Road
N16 Quarry 2 1915-1961 Not investigated. Bridge and A90 southbound slip
road from Ferrytoll Junction.
1856 (Quarry); Made ground |_dent|f|ed t