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9 Geology, Soils, Contaminated Land and Groundwater 
9.1 Introduction 

9.1.1 This chapter assesses the effects of the proposed scheme on geology, including 
soils and contaminated land.  The assessment also includes local groundwater 
resources. 

9.1.2 The UK has, for its size, the most varied geology in the world.  Both geology and 
soils play an important part in determining the environmental characteristics of a 
region.  The underlying geology has a major influence on landform and rocks 
provide the parent material from which soils are created.  The nature of the rock 
helps to determine not just the nature and chemistry of the soil formed, but also the 
rate at which it forms.  This in turn strongly affects the vegetation that will grow 
naturally and the type of agriculture or horticulture that can be sustained. 

9.1.3 There are a variety of ways in which road developments can impact on geological 
resources.  The developments may sterilise or remove soils associated with prime 
agricultural land, or sterilise underlying mineral resources.  Excavating or masking 
exposures of rocks or superficial geological deposits of specific scientific interest 
can represent a serious impact if the features of interest are not reproduced 
elsewhere in the area.  Similarly, removal or modification of geomorphological 
features can affect their scientific value or the local landscape resource.  Impacts 
can also affect the existing or potential future commercial exploitation of resources 
and ground conditions may 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. 

9.1.4 Road schemes can have potential impacts on underlying groundwater aquifers both 
during construction and operation.  For example, construction works that involve 
excavation can lead to dewatering of shallow aquifers.  There is also a risk of 
spillage or leakage of fuel or oil from storage tanks or construction plant.  Without 
suitable mitigation measures, these pollutants can enter the aquifers.  Once a new 
road is opened, runoff from the surface may contain elevated concentrations of 
pollutants such as oils, suspended solids, metals, (e.g. copper and zinc) and, in 
winter, salt and ethylene glycol.  Consequently, without adequate design measures, 
highway drainage discharges can cause pollution to aquifers.   

9.1.5 This chapter presents baseline conditions in terms of the solid strata, the covering 
drift deposits and the associated groundwaters.  The assessment focuses on 
predicted impacts in relation to current and historic mineral extraction, agricultural 
soils and contaminated land, as well as any areas of geological interest.  The 
assessment relates to impacts occurring both during excavations, i.e. during the 
construction phase, and impacts relating to the operational phase.  Any associated 
impacts on land use, notably on agricultural land use, are addressed in Chapter 8. 

9.2 Approach and Methods 

9.2.1 The study area for the assessment of geology and soils extends approximately 
250m either side of the proposed route. 

9.2.2 The assessment was undertaken by means of consultations, a desk study and site 
investigations. 

9.2.3 Consultations were undertaken with a number of statutory and non-statutory bodies 
in Scotland holding records pertinent to the assessment of geological impacts.  
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These include the following: 

Scottish Natural Heritage, for statutory designated SSSI’s of geological or 
geomorphological importance; 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Fife, Clackmannanshire and Falkirk Councils for information on contaminated 
sites; 

British Geological Survey (BGS), for information on local geology and 
groundwater, soils, mineral workings and records of Regionally Important 
Geological Sites (RIGS); 

SEPA, for contaminated sites, groundwater, waste disposal sites and industrial 
processes; 

The Coal Authority, for current and historical coal mining activities; and 

Scottish Coal Company, for past, present and proposed mining activities. 

 
9.2.4 The desk-based studies followed the recommended scope of DMRB, Volume 11, 

Section, Part 11 Chapter 5, Geology and Soils.  Information provided by consultees 
and publicly available information was supplemented by information from 
preliminary ground investigations undertaken in 2000 (for a previous alignment 
close to the current route option) and 2002 (for the current alignment).  The 
investigations concentrated on identifying the extent of shallow coal workings and 
the geotechnical characteristics of the soils.  The materials encountered were 
described in detail to facilitate the identification of potentially contaminated ground.   

9.2.5 The baseline conditions and the assessment have been undertaken for the following 
aspects of ground conditions: 

solid geological succession; 

drift (superficial deposits); 

mineral extraction; 

contaminated land;  

agricultural soils; and 

groundwater. 

 
9.2.6 The importance or sensitivity of the geological and groundwater interest of the study 

area was determined using the criteria set out in Table 9.1.  Criteria for impacts on 
agriculture (which includes agricultural soils) are provided in Chapter 8.  Specific 
criteria are not defined for Mineral Extraction and Contaminated Land assessments.  
These aspects primarily represent engineering considerations for the road 
construction and their extent, nature and required mitigation can only be assessed 
by detailed site investigations, which are to be undertaken prior to detailed design of 
the road construction.  
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Table 9.1 Geology and Groundwater Sensitivity   

 
Sensitivity of 
geological 
interest 

Description 

High  Areas containing geological or geomorphological features considered to be of 
national interest, for example, Sites of Special Scientific Interest. Designated 
sites of nature conservation importance dependent on groundwater. 

Medium  Areas containing geological features of designated regional importance, for 
example Regionally Important Geological Sites (RIGS), considered worthy of 
protection for their educational, research, historic or aesthetic importance.  
Exploitation of local groundwater is not extensive and/or local areas of nature 
conservation known to be sensitive to groundwater impacts. 

Low  Geological features not currently protected and not considered worthy of 
protection. Poor groundwater quality and/or very low permeabilities make 
exploitation of the aquifer(s) unfeasible. Changes to groundwater not expected 
to impact on local ecology. 
 

 

9.2.7 The assessment of the magnitude and significance of predicted impacts on solid 
and drift geology and groundwater was based on the criteria defined in Tables 9.2 
and 9.3. 

Table 9.2 Definition of Magnitude of Impacts Criteria  

 
Magnitude of 
Impacts 

Description of Degree of Impact 

High  Partial (greater than 50%) or total loss of a geological site, or where there 
would be complete severance of a site such as to affect the value of the site.  
Major permanent or long term change to groundwater quality or available yield.  
Existing resource use is irreparably impacted upon.  Changes to quality or 
water table level will impact upon local ecology. 

Medium  Loss of part (between approximately 15% to 50%) of a geological 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.  Changes to the local 
groundwater regime are predicted to impact slightly on resource use but not 
rule out any existing supplies.  Minor impacts on local ecology may result. 

Low  Minimal effect on the geological 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.  Changes to groundwater quality, 
levels or yields do not represent a risk to existing resource use or ecology. 

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

 

Table 9.3 Assessment of Significance Criteria for Impacts on Geology 
and Groundwater  

 
Magnitude of Impact Site Sensitivity 

High Medium Low Negligible 
High Substantial Substantial Moderate Slight 
Medium Moderate Moderate Slight Negligible 
Low Slight Negligible Negligible Negligible 

 

9.3 Baseline Conditions 

Designations 

9.3.1 No geological Sites of Special Scientific Interest (SSSI’s), Regionally Important 
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Geological Sites (RIGS) or other designated sites of geological value have been 
identified in the area.  No other features of special importance to geology have been 
identified.  The local geology is, therefore, of low geological sensitivity. 

9.3.2 The solid geological succession and drift deposits are described below to provide 
context to the mineral extraction, contaminated land and agricultural soils 
assessments.  No additional assessment was considered necessary with respect to 
solid geology or drift deposits. 

Solid Geological Succession 

9.3.3 The strata underlying the route corridor are indicated on published maps and in 
technical reports, to be part of the Passage Formation and Lower and Middle Coal 
Measures, all of Carboniferous age.  The proposed route generally traverses strata 
belonging to the Lower Coal Measures.  The Middle Coal Measures subcrop below 
a relatively small area of the route corridor, south of Kilbagie Paper Mill.  The 
Passage Formation is indicated to subcrop beneath a small area at Tulliallan 
Castle/Kincardine Power Station and also beneath the Firth of Forth.  The Lower 
and Middle Coal Measures comprise a cyclical sequence of sandstones, siltstones 
and mudstones, with a number of coal seams and occasional ironstones.  The 
Passage Formation strata comprise mainly sandstones with thin siltstone bands.  
The strata generally dip to the southwest and have been displaced by several faults, 
predominantly trending in a west/east or northwest/southeast direction and 
displacing strata to both the north and south.  The faulting has caused several 
repetitions of the stratigraphic succession along the route.  The above descriptions 
were confirmed by the results of the preliminary ground investigations. 

9.3.4 A number of coal seams underlie the study area, namely the Colinburn, Glenfuir, 
Mill, Coalsnaughton Main, Upper Mosie, Coal Mosie, Alloa Splint, Alloa Cherry, 
McNeish and the Clackmannan Nine Foot coals.  The positions of the seams in 
relation to the route corridor are shown on Figures 9.1 and 9.2. 

Drift (Superficial) Deposits 

9.3.5 Bedrock is obscured at the existing ground surface by superficial deposits of varying 
thickness.  Figures 9.3 and 9.4 show the distribution of superficial deposits.  Only 
the uppermost deposit is shown on the plans, although a sequence of underlying 
deposits may actually be present.  The general sequence of superficial deposits is 
as follows: 

Made Ground/Fill Deposits – locally occurring deposits of variable thickness 
and composition, generally associated with flood banks along the shores of the 
Firth of Forth, Kincardine Power Station, Kilbagie Paper Mill and a small area of 
fill material at Higgins Neuk. 

• 

• 

• 

• 

Reclaimed Intertidal Flats – locally occurring along the northern and southern 
shores of the Firth of Forth, typically comprising silt and clay deposits. 

‘Carse Deposits’ (Post-Glacial Buried/Raised Beach or Estuarine Deposits) – 
widespread occurrence in the vicinity of the Firth of Forth with thicknesses of up 
to 20m to the south of the Forth.  These deposits comprise very soft to soft 
organic silts, clays and silty sands, overlain by a thin weathered/desiccated 
crust at the surface. 

Raised Beach/Estuarine Deposits (Late Glacial) – occur locally as surface 
deposits on the higher ground to the north of Kincardine between Lady’s Brae 
/Kilbagie Paper Mill and Gartarry Roundabout.  These deposits are also 
present locally beneath the Carse material.  The deposits are variable, 
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comprising laminated silts and plastic clays with sand partings, sands and 
gravels and occasional marine washed till. 

Glacial Deposits – underlie much of the area, generally at depth, with the 
exception of areas between Lady’s Brae and Gartarry Roundabout where the 
material occurs as surface deposits.  These deposits comprise firm to very stiff 
sandy clays with gravel, cobbles and boulders. 

• 

 
Mineral Extraction 

9.3.6 To the south of the Firth of Forth, geological maps and ground investigation 
information indicate that old coal mineworkings, at shallow depth (<30m below 
rockhead) may be present beneath the Bowtrees area. 

9.3.7 North of the Firth of Forth, geological maps, mine abandonment plans and ground 
investigation information indicate shallow mining of a number of coal seams to have 
been carried out beneath, or in the vicinity of, the route corridor.  Abandoned coal 
shafts and the recovery of mining waste in boreholes in the east of the Kincardine 
Power Station site indicate that mining has taken place in this area, however there is 
no evidence, to date, that these workings extend westwards beneath the proposed 
route.  Mining of the Clackmannan Nine Foot, McNeish, Upper Mosie, Coal Mosie, 
Alloa Cherry and Alloa Splint Coals has previously taken place to the south and 
west of Kilbagie Paper Mill.  Information from the ground investigations undertaken 
in 2000 and 2002 confirmed that the Clackmannan Nine Foot and McNeish Coals 
have been worked at shallow depth (<30m below rockhead) beneath a length of the 
route, located between Carse Road (also known as Hawkhill Road) and Lady’s 
Brae.  Workings within 30m of rockhead are generally considered to require 
assessment for potential ground instability.   

9.3.8 Mining of the Alloa Cherry and Alloa Splint coal seams has also been undertaken 
beneath sections of the route in this area, however, the preliminary information 
available to date indicates that these workings are at depth (>30m below rockhead) 
and will not affect the stability of the route.  Information from geological maps and 
the ground investigations of 2000 and 2002 indicate that shallow workings may exist 
in a number of coal seams, possibly in the Glenfuir, Colinburn and Coalsnaughton 
Main Coals, beneath the route between Lady’s Brae and Gartarry Roundabout.  
Ground investigation information and mine abandonment plans have confirmed that 
shallow mining of the Mill Coal has taken place between the former Kincardine-Alloa 
Railway and Gartarry Roundabout.  There are no records of any deep or shallow 
mining having taken place beneath the Firth, to the west of the existing Kincardine 
Bridge.   

9.3.9 The above summary is based on preliminary ground investigation data and 
information from plans that is often found to be inaccurate.  Therefore, shallow 
workings beneath the route in areas outwith those discussed above cannot be 
completely discounted. 

9.3.10 A number of recorded disused mine shafts are located in the vicinity of the route 
between Carse Road and Lady’s Brae.  The approximate locations of these shafts 
are shown on Figure 9.2.  In addition to the recorded shafts indicated, unrecorded 
shafts may be present beneath or adjacent to the route corridor. 

9.3.11 The potential exists for subsidence to occur above any shallow mineworkings that 
have not previously been treated or undergone complete collapse and settlement. 
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Present/Future Mining 

9.3.12 Consultations with Scottish Coal in 2001 indicated that there were proposals to mine 
the Hirst Coals from the Longannet Colliery, at an approximate depth of 400m 
beneath existing ground level, between the Bowtrees area and Higgins Neuk.  
However, recent consultations with Scottish Coal have confirmed that the mine had 
closed and none of the proposed mining operations in the Hirst Coal, which may 
have impacted on the route, had taken place or would take place in the future.  
Further correspondence with Scottish Coal has indicated that they are promoting the 
development of a number of key assets along the A977. 

9.3.13 Scottish Coal has also highlighted that although it is worthwhile taking cognisance of 
shallow coal reserves that would be sterilised by the route, the amount of coal 
sterilised would be minimal.   

Contaminated Land 

9.3.14 Consultations with SEPA and Fife, Clackmannanshire and Falkirk Councils, along 
with information from the desk study and recent preliminary ground investigations of 
2000 and 2002 have identified the following areas of known or suspected 
contaminated land in the study area: 

• Kincardine Power Station (Fife Council and Scottish Coal), as indicated on 
Figures 9.3 and 9.4, particularly remnant coal stocks in parts of the site; 

• Kilbagie Paper Mill (SEPA and Clackmannanshire Council), as indicated on 
Figure 9.4; 

• Contamination from coal mining activity, in particular ferruginous discharges in 
watercourses to the northwest of Kincardine (SEPA); and 

• An area of filled ground encountered at Higgins’ Neuk during the 2000 ground 
investigation, as indicated on Figure 9.3. 

Further information on these areas is given below. 

9.3.15 During the 2000 ground investigation of the route within Kincardine Power Station 
the material excavated comprised coal, brick and sandstone fragments with 
occasional ash, clinker and burnt shale, underlain by a layer of sandstone gravel 
and cobbles.    

9.3.16 Consultations with Kilbagie Paper Mill have indicated that the field in the route 
corridor, adjacent to the mill, may have previously been used for the deposition of 
paper pulp.  Clackmannanshire Council also highlighted the possibility of 
contaminated land at Kilbagie Mill.  

9.3.17 Correspondence with SEPA in 2000 also indicated that there were signs of 
ferruginous inputs to some of the small watercourses northwest of Kincardine, 
possibly associated with old mineworkings.  A freshwater invertebrate survey of 
Canal Burn undertaken in April 2003, identified species tolerant to ferric discharges, 
which would also indicate possible inputs from old mineworkings (refer to Appendix 
5C). 

9.3.18 A previously unknown area of filled ground was encountered during the 2000 
ground investigation, near Higgins’ Neuk, as indicated on Figure 9.3.  The material 
encountered comprised a mixture of gravel sized coal, ash, clinker, burnt shale and 
slightly clayey sand underlain by gravel and cobbles of sandstone. 
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9.3.19 In general, no visual or other evidence of ground contamination was found during 
the 2000 and 2002 ground investigations.  Materials encountered were generally 
natural deposits, although the nature of some surface materials suggested that 
there had been some degree of reworking and contained some inert material, 
particularly brick fragments. 

Agricultural Soils 

9.3.20 Soils in the study area comprise those of the Stirling/Duffus/Pow/Carbrook 
Association across the low-lying areas adjacent to the River Forth and the 
Rowanhill/Giffnock/Winton Association between Lady’s Brae and Gartarry 
Roundabout.  Soils beneath the majority of the route are from the former 
Association and comprise non-calcareous gleys, some peaty gleys and peat.  This 
soil type is formed from estuarine and lacustrine raised beach silts and clays.  North 
of Lady’s Brae the soils of the latter Association comprise brown forest soils with 
gleying, some brown forest soils, non-calcareous gleys and humic gleys, formed 
from drift material derived from Carboniferous sandstones, shales and limestones. 

9.3.21 Landform in the study area tends to be raised beach terraces with gentle slopes, 
supporting arable crops with some permanent pasture. 

9.3.22 As previously reported in Chapter 8, land capability for agriculture within the study 
area is mainly Class 32 (non-prime agricultural land), although the area between 
Lady’s Brae and Gartarry Roundabout is Class 31.  Class 32 land is capable of 
average production but with high yields of certain crops, principally cereals and 
grasses.  Grass leys are common.  Class 31 land is capable of producing 
consistently high yields of a narrow range of crops (principally cereals and grass) 
and /or moderate yields of a wider range.  Short grass leys are common. 

9.3.23 A small area of the route, adjacent to the southern shore of the River Forth is 
designated Class 53, which is described as land which is marginally suited for 
reclamation and improved grassland.   Within the former Kincardine Power Station 
site, the route passes over Class 7 land, classified as land of very limited agricultural 
value where use is restricted to very poor rough grazing.  This land is described as 
having extremely severe limitations that cannot be rectified.  The limitations may 
result from one or more of a variety of causes such as extreme wetness, 
unvegetated soil, stony or rocky land, toxic waste tips and dereliction.  

9.3.24 Further details on agricultural soil capability and its use are provided in Chapter 8. 

Groundwater 

9.3.25 The local geology is described above and illustrated on Figures 9.1 to 9.4.  In 
summary, the rock strata below the scheme represent part of the Coal Measures of 
Carboniferous age.  Coal Measures strata can be important for relatively small scale 
local water supplies, but the quality is often poor in areas of historic mining.  The 
overlying superficial deposits range from glacial boulder clays to estuarine and 
raised beach deposits across sections close to the estuary and local made ground 
deposits and reclaimed intertidal flats. Any superficial aquifers will be relatively thin 
and limited in extent, but may have the potential for small private supplies.  In the 
vicinity of the estuary, the superficial groundwaters will be saline. 

9.3.26 SEPA is not aware of any designated groundwater protection zones in the vicinity of 
the route options. 

9.3.27 The Groundwater Vulnerability Map for Scotland classifies the Lower Coal 
Measures along the proposed route alignment as ‘moderately permeable’.  Although 
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these formations seldom produce large quantities of water for abstraction, they are 
important for local supplies and in supplying base flow to rivers. 

9.3.28 The ground investigations of 2000 and 2002 undertaken by Babtie indicated that the 
local water table is above rockhead and therefore could be impacted by the 
proposed scheme.  Water levels recorded in boreholes typically settled at 1 to 2m 
below ground level.  Water levels in the northern end of the route, which is on higher 
ground, were generally deeper.   Water table level and water occurrences in drift 
deposits will be confirmed in greater detail for this area by a more detailed 
investigation to be undertaken prior to construction. 

9.3.29 As discussed earlier, it is known that mine workings underlie parts of the route.  It is 
possible that, following abandonment of these mines, local groundwater levels are 
still rising.  Evidence of this possibility is the presence of ferruginous discharges in 
the area, described in Contaminated Land above. 

9.3.30 SEPA has no information on groundwater quality in the vicinity of the proposed 
routes.  However, it is likely that groundwater corresponding to sections of the route 
underlain by shallow mineworkings will be of relatively poor quality due to 
contamination derived from exposure to the workings.   

Abstractions 

9.3.31 The contamination of groundwater is of particular relevance where water 
abstractions are required, especially for public drinking water supplies.  Fife, 
Clackmannanshire and Falkirk Councils confirmed that there are no records of any 
abstractions in the vicinity of the route, the nearest being several kilometres to the 
east beyond Kincardine.  It is possible that small-scale unrecorded abstractions may 
exist in the vicinity of the routes, although this cannot be confirmed. 

9.3.32 Scottish Power is proposing to construct a wellfield to the north of Longannet Power 
Station, located approximately 5 km to the south east of the proposed route.  This 
wellfield, as well as being a considerable distance from the routes, is in a different 
geological sequence and is believed to be isolated hydrogeologically from the study 
area.  

9.3.33 Kilbagie Mill, which ceased paper production in 2001 but now operates as a de-
inking plant, sporadically abstracted water from a small wellfield of three boreholes, 
to the east of the A977.  The wellfield is approximately one kilometre from the route 
and although it could potentially be used in the future, the distance from the route 
and the fact that water was drawn from deep strata rules out the possibility of any 
impacts.   

9.4 Predicted Impacts  

Materials Balance and Handling 

9.4.1 In terms of the earthworks balance, the existing topography is such that the 
proposed route will require a significant quantity of imported fill material.  However, 
the final decision on the alignment will depend on the Contractor’s design.  The 
amount of imported earthworks material that would be required based on the 
specimen design is approximately 540,000m3.  A further 190,000 m3 of materials are 
estimated for drainage, pavement and grouting giving a total volume of imported 
material of approximately 730,000 m3.     
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9.4.2 The Contractor will be responsible for both the disposal and import of material and 
this must be undertaken in accordance with Duty of Care requirements.  The 
Contractor will determine the source of material to be imported.  However, a source 
of fill (Pulverised Fuel Ash) is available at Longannet Power Station, located 
approximately 2km to the east of Kincardine.  It is possible that this will be used to 
make up part of the balance, along with stone from a quarry to the east of the A977.  
It is also possible that some material may be excavated from borrow pits adjacent to 
the proposed route.  Such borrow pits would be outwith the land purchased for the 
purposes of construction of the scheme and are therefore outwith the scope of this 
Environmental Statement.  The traffic impacts associated with haulage are 
addressed in Chapter 19, Disruption Due to Construction. 

9.4.3 Due to the soft, compressible nature of the superficial deposits beneath much of the 
route, ground engineering solutions may be adopted to improve the physical 
properties of the underlying soils, modify embankment loads or provide additional 
support to embankments and structures.  Such solutions may include installation of 
piles, vertical band drains and/or vibro stone columns, use of lightweight fill such as 
PFA, surcharging and staged construction.  The appropriate method to be adopted 
in individual areas will be determined by the Contractor.  In the short-term, some of 
the above methods may locally alter the shallow groundwater regime in the 
immediate vicinity of the Works. 

9.4.4 All material to be used or reused during construction will be stockpiled in designated 
areas within the site boundary.  There is not anticipated to be a loss or destruction 
of agricultural soils as a result of the scheme.  Any topsoil requiring stockpiling will 
be handled in a manner so as to retain its potential to support plant growth and 
either returned to agricultural production or reseeded/replanted for landscape or 
ecological purposes.  No discernible impact on soil capability is envisaged, but the 
scheme will result in a loss of approximately 40ha of agricultural land. 

Designated Geological Sites, Solid and Drift Geology 

9.4.5 No sites or features designated or identified as being of geological interest will be 
affected by the route.  The geology in the locality is of low sensitivity and therefore 
predicted effects will have negligible or no significance to geology.  

Historic Mineral Extraction 

9.4.6 There is no evidence from past monitoring in the vicinity of the proposed route of 
ongoing subsidence.  However, the presence of shallow mineworkings beneath the 
route presents a risk, however slight, of future subsidence.  The stabilisation of 
shallow mineworkings beneath the route by infill grouting, prior to construction, will 
reduce the risk of future local subsidence and is, therefore, a slight positive impact 
in this regard.  The grouting may, however, impact on local groundwater and this is 
discussed later under Groundwater. 

9.4.7 As previously indicated, the process of grouting mine workings involves the drilling 
of a network of boreholes across the area requiring stabilisation.  The boreholes are 
typically on square grids with spacing ranging from 2 to 4m dependent on local 
conditions.  The boreholes extend to the mine workings and grout is pumped down 
each hole until no more flow occurs at the chosen pressure.  The grout consists of 
cement, bentonite (a natural clay which swells greatly when wet), pulverised fuel 
ash, possibly from Longannet Power Station (an inert filler), water and possibly 
gravel.  

9.4.8 Although some mineral resources may be sterilised by the new road it is considered 
that the extent of these resources will be minimal. 
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Contaminated Land 

9.4.9 The route will cross a number of areas of potentially contaminated land.  Although 
investigative and analytical data is limited there is little evidence to suggest that any 
hazardous materials will be encountered during the earthworks.  If the contamination 
is not treated or removed in an appropriate manner, then environmental and human 
health risks may remain or be exacerbated. 

9.4.10 The Kennet Pans Coastal Realignment will include the creation of mudflat and 
saltmarsh habitat on part of the former Kincardine Power Station site (refer to 
Appendix 6).  Although not falling under the usual definitions of contaminated land, it 
is understood that part of this area was used for coal stockpiling and therefore some 
coal fragments including dust will remain.  This material will be removed as part of 
the habitat creation proposals.     

Agricultural Soils 

9.4.11 As previously indicated, the removal, disturbance and storage of soil will affect 
approximately 40ha of agricultural land (of which 7.5ha is prime agricultural land, 
26.5ha is non-prime agricultural land and 6.0ha is rough grassland) along the route.  
Further details on agricultural land capability and land use are provided in Chapter 
8.  Potential adverse impacts on soil quality such as the reduction of soil biological 
development, structural and chemical damage and erosion, will be minimised by 
adoption of appropriate soil handling procedures.  

Groundwater 

9.4.12 Potential adverse impacts on groundwater may result from the direct or indirect 
effects of: 

contamination of groundwater due to the release of surface water run-
off/accidental spillage during operation of the road or from mine grouting; and 

• 

• changes in groundwater flow due to interception of natural pathways.  

 
9.4.13 A range of contaminants have the potential to enter groundwater during the 

construction phase and subsequently during road operation in the form of runoff or 
accidental spillage.  Without mitigation by appropriate road design, the impact on 
local groundwater quality could be substantial.  Grouting of mine workings may also 
have a localised impact on groundwater quality.  However, the significance of the 
impact is reduced by groundwater present in the Carboniferous strata aquifers being 
of general poor quality and not currently used for abstractions.  

9.4.14 The interception of field drains or local groundwater flow has the potential to alter 
flow characteristics and substrate types, which may have indirect effects on habitats 
that are dependent on specific flow and substrate requirements. 

9.4.15 The area where there is potential for significant groundwater to be intercepted is to 
the north of the Firth around Kilbagie, where the proposed road will be in cutting up 
to 15m deep at Lady’s Brae.  By impermeable lining of the filter drain in the verges 
as necessary, the potential for highway drainage water infiltrating the groundwater 
at this location will be avoided.  If the proposed future investigations in this area 
highlight the potential for significant inflows of groundwater to the cutting, additional 
drainage runs will be required to ensure the water table remains below sub-
formation, while the quality of the groundwater and consideration of potential 
impacts to the estuarine environment will determine whether any treatment 
measures are required. 
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9.4.16 Grouting of mine workings has the potential to affect local groundwater flows and 
levels if the area of continuous grouted workings is substantial, approximately 
perpendicular to the groundwater flow in the strata and if the workings are the 
primary route for flows.  If a significant barrier to groundwater flow is created, an 
increase in groundwater levels immediately upstream of the barrier is possible, 
along with a corresponding reduction in levels downstream.  However, groundwater 
flows in the rock strata below the route are generally expected to be towards the 
Firth of Forth, while the areas requiring grouting will lie beneath the road corridor 
and therefore will be approximately parallel to groundwater flows.  They are not 
therefore predicted to be a significant barrier to flows and any impact on flows and 
groundwater levels will be of minor significance. 

9.4.17 If grouting operations do not include appropriate control measures, the potential 
exists for grout to enter watercourses and this is covered in detail in the Surface 
Water chapter (Chapter 10).    

9.5 Mitigation 

Soils and Contaminated Land 

9.5.1 The results of the recent ground investigations suggest that, in general, no 
hazardous materials will be encountered during the required earthworks.  However, 
procedures to be adopted for the areas of fill/made ground identified, and in the 
event of further potentially hazardous ground being encountered, will be covered by 
the Employer’s Requirements for the Works.  The Contractors Method Statements 
will be submitted to the appropriate regulatory authorities and the Employer’s 
Representative will monitor compliance.  Potentially contaminated materials will be 
tested and removed in a controlled manner in accordance with the Duty of Care 
Regulations. 

9.5.2 Potentially adverse impacts on soil quality will be minimised by the adoption of soil 
handling procedures by the Contractor relating to handling in wet conditions, 
stockpiling and import of soils for earthworks. The measures will be aimed at 
retaining soils in a condition suitable for plant growth and for agricultural production 
in line with pre-existing land quality.  Individual soil types, including topsoil and 
subsoil, and areas of differing land capability will be identified prior to excavation, 
stored separately and restored back to their parent area.   

9.5.3 Where it is necessary to remove superficial soil deposits during the excavation of 
earthworks, these should be utilised, where possible, during construction elsewhere 
on the scheme. 

9.5.4 For further ground investigations, an environmental appraisal of the investigations 
will be undertaken to avoid any disturbance to sensitive environmental features 
including those relating to agriculture, ecology and cultural heritage, as identified in 
Chapters 8, 11 and 14.  The environmental appraisal will be undertaken prior to 
commencement of any investigations.  One specific measure that will be 
implemented is the removal of remnant coal material in part of the former Kincardine 
Power Station site included in the Kennet Pans Coastal Realignment.  This material 
will be taken to an appropriate facility for disposal.    

Groundwater 

9.5.5 The objective of the mitigation measures outlined below is to convey surface water 
run-off from the road surface to ground or to a receiving watercourse without 
detrimental effect on water quality, groundwater levels and associated ecosystems.  
Mitigation measures include those that aim to prevent, reduce or offset potential 
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effects. 

9.5.6 Drainage measures aimed at eliminating or reducing the level of contaminants, 
including sediment, entering local watercourses and groundwater have been 
designed in accordance with the requirements of the Design Manual for Roads and 
Bridges, taking cognisance of guidance contained in the CIRIA (Construction 
Industry Research & Information Association) design manual for Sustainable Urban 
Drainage Systems (SUDS).  The primary control features will be filter drains and 
gully pots.  Further description of the road drainage design is provided in Chapter 
10. 

9.5.7 During construction, the contract documents will require measures to be in place to 
prevent any contaminated run-off or contaminated groundwater produced by the 
Works, entering and polluting the local drainage system that discharges into the 
Firth of Forth and potentially impacting groundwater resources.  Any contaminated 
waters produced would be removed for off-site disposal at an appropriate facility in 
accordance with Waste Management Regulations, or treated on-site and discharged 
in compliance with a ‘Consent to Discharge’ issued by SEPA.  Specific measures 
will be adopted, in agreement with SEPA, during grouting works to control grout 
material at each injection location to minimise their release to watercourses and 
local groundwater.  This will consist of a barrier at each location, to contain the grout 
and ensure it flows down the hole and does not spread across the surface. 

9.5.8 Along the length of the routes, any severed land drains will be replaced by either the 
proposed pre-earthworks drains or verge drains where applicable. 

9.5.9 Prior to construction, ground investigations will be undertaken to ascertain the level 
of the water table and to identify any existing groundwater contamination where 
significant cuttings are required.  This particularly applies to the northern end of the 
route at Lady’s Brae, where a section of cutting with a maximum depth of 
approximately 14m is required.  The cutting will intercept local groundwater bodies 
in the drift deposits and may encounter potentially contaminated groundwater in the 
rock strata.   Based on the results, specific measures will be agreed between SEPA 
and the Contractor on adequate treatment or engineering measures to address the 
potential release of any contaminants into the drainage system and the potential 
reduction in local groundwater levels. 

9.5.10 A summary of the mitigation measures and level of mitigation associated with each 
is provided in Table 9.4. 

Table 9.4 Summary of Measures Employed to Address Potential 
Impacts on Geology, Soils, Contaminated Land and 
Groundwater   

 
Type of 
Measure 

Description 

Prevent The adoption of procedures (under the contract documents for the Works) to deal 
with any hazardous ground encountered and the removal of potentially contaminated 
materials to prevent the release of contaminated materials into the environment. 

Environmental Appraisal of future ground investigations to avoid disturbance to 
sensitive environmental features. 

Removal and disposal off-site of any contaminated waters to prevent contaminated 
run-off or groundwater produced by the Works, entering and polluting the drainage 
system which discharges to the Firth of Forth. 

Drainage design details incorporated to prevent, or minimise, contaminants entering 
watercourses and groundwater. 

Removal of remnant coal material in part of the former Kincardine Power Station site 
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Type of 
Measure 

Description 

included in the Kennet Pans Managed Coastal Realignment.  This material will be 
taken to an appropriate facility for disposal. 

Reduce Adoption of soil handling procedures during construction to reduce potentially 
adverse impacts on soil quality and structure. 
 
Control measures during grouting of mine workings will minimise the release of grout 
to local watercourses and groundwater. 

The replacement of local groundwater drainage systems, particularly field drains and 
the incorporation of suitable containment measures in areas of significant cutting, 
will reduce the impact on shallow groundwater flows and levels. 

Offset None provided. 
Enhance Stabilisation of shallow mineworkings and mineshafts to prevent subsidence of the 

ground surface. 
 

9.6 Residual Impacts 

9.6.1 Residual impacts relating to geology, soils, contaminated land and mineral 
extraction are predicted to be negligible.  Groundwater impacts are discussed 
below. 

9.6.2 The residual impacts on groundwater resources comprise lowering of local 
groundwater levels in the Kilbagie area, associated with the deep cutting required 
and likely quality impacts from grouting mine workings and other construction 
activities and from major spillages during road operation.   

9.6.3 There are no identified nature conservation sites or habitats identified in the Kilbagie 
area that would be affected by a local reduction in water table level, nor are there 
any known current groundwater abstractions.  The sensitivity of groundwater levels 
in the area is therefore low.  The lowering of the water table would be localised and 
is not expected to represent a major risk to local ecology or water supplies, although 
trees and other vegetation in the immediate vicinity may be affected. Overall, a 
medium magnitude impact is predicted.  The significance of this impact, despite it 
being unavoidable, is negligible. 

9.6.4 The local groundwater quality, which may be impacted by grouting and other 
construction processes and/or from road spillages, is assessed as being of medium 
sensitivity.  This is because, although no designated nature conservation sites are 
identified, the impact could occur at almost any point along the route and some local 
habitats, especially on lower ground near the Firth will be sensitive to local 
groundwater quality.  Similarly a medium magnitude is predicted because “minor 
impacts on local ecology may result”.  This leads to a moderate impact significance.  
It should be noted that this residual impact will not necessarily be realised, but 
represents an impact risk dependant on events during road construction and 
operation.    

9.6.5 Other potential impacts associated with groundwater are predicted to be negligible 
given the described mitigation. 
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