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HYDROGEOLOGICAL RISK ASSESSMENT 
ALTCAR MOSS, WEST LANCASHIRE 

NON-TECHNICAL SUMMARY 

Envireau Water has been commissioned by Aurora Energy Resources Limited (AER) to prepare a hydrogeological risk 
assessment (HRA) to support a planning application for a Proposed Development at their Altcar Moss well site at Altcar Moss, 
Sutton’s Lane, Great Altcar, West Lancashire (“the Site”). The Site is located in Petroleum Exploration and Development 
Licence (PEDL) 164. 

The Proposed Development comprises the construction of a new well site and access track, and the drilling of two exploratory 
wells to evaluate the hydrocarbon potential from the Carboniferous-age Bowland Shale and Hodder Mudstone sequence. A 
vertical well will be drilled and cored to a depth of approximately 3,000mTVD followed by the drilling of a second well with a 
horizontal section approximately 1,500m in length. Both wells will be hydraulically fractured and flow tested. If the 
exploratory works are unsuccessful, both boreholes will be decommissioned and abandoned, and the Site restored. If 
successful, then any future works would be the subject of a separate planning application. 

The design philosophy for the Site follows the principles for the containment of potential contaminants set out in CIRIA 
guidance C736 – Containment Systems for the Prevention of Pollution. The Site will incorporate a very low permeability high 
density poly-ethylene (HDPE) membrane to form a hydraulic barrier and protect surface water and groundwater systems. 

Surface water collecting in the drainage system at the Site will be attenuated and clean water will be discharged to a local 
watercourse at a rate not exceeding the greenfield runoff rate. The well site drainage system is designed to accommodate 
rainfall volumes generated by a 1:100 year (+climate change) event. Water collecting in the sealed part of the Site during 
drilling, stimulation and testing operations will be contained and tankered away from the Site to an Environment Agency 
approved facility.  

A hydrogeological conceptual model has been developed based on a detailed review of background information including the 
Site setting, local hydrology (surface water systems), geology and hydrogeology. The conceptual model provides an 
understanding of the potential hydraulic pathways between the well site and various water features (receptors), which is 
fundamental to the risk assessment process. In this case, there are four hydrogeological units, namely: 

• The Superficial Deposits above the Glacial Till (Layer 1)
• The Glacial Till and Sidmouth Mudstone Formation (Layer 2) 
• The Tarporley Siltstone Formation and underlying Permo-Triassic Sandstones (Layer 3) 
• The Carboniferous strata (Layer 4) 

Hydraulic properties of the layers have been defined by literature search, but broadly: 

• Layer 1 contains groundwater with a resource value. Recharge to this layer is via direct infiltration of rainfall at
surface and downwards leakage.

• Layer 2 is poorly permeable (very low hydraulic conductivity). Layer 2 provides an ~250m barrier to prevent vertical
movement of highly mineralised and formation waters from Layers 3 and 4 into Layer 1. 
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• Layer 3 has useful hydraulic conductivity and storage but contains water that is highly mineralised with an elevated
salinity at this location. There is no active recharge to this layer and water is likely to have limited/no resource value.

• Layer 4 has limited hydraulic conductivity and limited storage. Water bearing formations contain hydrocarbons and
formation water with no resource value; that are permanently unsuitable for other uses. There is no active recharge 
to this layer. 

Within the conceptual model, there is no driving head to connect poor quality water within the Permo-Triassic sandstones 
present at depth at the Site with fresh water in the Permo-Triassic sandstones subcropping beneath the superficial deposits 
east of the Site, which are targeted by the United Utilities public water supply at Blundell House Pumping Station. 

Using the conceptual model, a HRA has been carried out taking account of with the Environment Agency’s technical guidance 
which examines the risk to a wide range of receptors. The risk assessment has been carried out using the Source-Pathway-
Receptor (S-P-R) approach with reference to Environment Agency technical guidance. The risks associated with the 
construction and restoration of well sites and the construction of oil and gas wells are well understood. The assessment of 
geology and hydrogeology carried out by Envireau Water demonstrates a good understanding of the local geology and 
hydrogeology. Mitigation measures are clearly defined, tested and known to work. Therefore, a semi-qualitative Tier 1/2 
assessment is considered to be appropriate for the Proposed Development. 

The risk assessment takes account of best practice construction techniques incorporated within the design philosophy for the 
well site and the wells; and takes account of the fact that an environmental permit will be required from the Environment 
Agency prior to the commencement of operational activities at the Site. The risk assessment takes account of receptor 
sensitivity, the magnitude of impact, the potential significance of effect and the likelihood that a hazard may occur; and shows 
that with the embedded and additional mitigation measures in place, the residual risk for all the identified hazards reduce to 
either ‘very low’ or ‘none’. 

The overall risk profile for the Proposed Development is a reflection of the high level of embedded mitigation within the 
design of the well site and the wells. Mitigation measures will be prescribed through the environmental permitting process. 
The effectiveness of the mitigation measures will be demonstrated through an appropriate scheme of surface water and 
groundwater monitoring that will be agreed with the Environment Agency through the environmental permitting process. 

Envireau Water 
12/06/2019 
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HYDROGEOLOGICAL RISK ASSESSMENT 

ALTCAR MOSS, WEST LANCASHIRE 

1 INTRODUCTION 

Envireau Water has been commissioned by Aurora Energy Resources Limited (AER) to prepare a hydrogeological 
risk assessment (HRA) to support a planning application for a Proposed Development at their Altcar Moss well site 
at Altcar Moss, Sutton’s Lane, Great Altcar, West Lancashire (“the Site”). The Site is located in Petroleum 
Exploration and Development Licence (PEDL) 164. 

1.1 Background 

1.1.1 Proposed Development 

The Proposed Development comprises the construction of a new well site and access track, and the drilling of two 
exploratory wells to evaluate the hydrocarbon potential from the Carboniferous-age Bowland Shale and Hodder 
Mudstone sequence. A vertical well will be drilled and cored to a depth of approximately 3,000mTVD followed by 
the drilling of a second well with a horizontal section approximately 1,500m in length. 

Both wells will be hydraulically fractured and flow tested. If the exploratory works are unsuccessful, both 
boreholes will be decommissioned and abandoned, and the Site restored. If successful, then any future works 
would be the subject of a separate planning application. 

1.1.2 Formby Oilfield 

The historic Formby Oilfield is located in the West Lancashire Basin approximately 1km northwest of the Site and 
was first discovered by oil seepage at the surface. The oil shows were known in the 17th century but exploration 
drilling did not start until 1939 after which the oilfield was rapidly developed during the Second World War. 

The hydrocarbon system in this basin features Carboniferous source rocks, Triassic and Quaternary sandstone 
reservoirs, and potentially deeper Carboniferous reservoirs [Ref. 1]. The reservoirs at the Formby Oilfield include 
the Quaternary Shirdley Hill Sand Formation and the Triassic Tarporley Siltstone Formation (Mercia Mudstone 
Group) and Helsby Sandstone Formation (Sherwood Sandstone Group). 

Over 80 exploration boreholes were drilled across the Formby Oilfield area and many of the historic shallow wells 
encountered oil shows in the Quaternary and Triassic formations and production obtained from these reservoirs 
down to a depth of approximately 50m [Ref. 2]. The main productive zone was the Tarporley Siltstone Formation.  
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The Sidmouth Mudstone Formation of the Mercia Mudstone Group forms the main seal to the Triassic reservoirs 
but is thin in places and commonly lacks halite in this basin-marginal position [Ref. 1]. Migration of hydrocarbons 
along north-south trending Permo-Triassic faults has occurred in recent times, forming accumulations in the 
overlying Quaternary Shirdley Hill Sand Formation, which is partially sealed by overlying superficial clay and peat 
deposits in some locations. 

The Carboniferous Bowland Shales are considered to be the principal source rocks, as recently identified by the 
drilling of the Preese Hall-1 exploration borehole, located in the West Lancashire Basin approximately 30km north 
of the Site near Blackpool. Palynological and geochemical analyses of the early wells by AER also confirms the 
presence of a thick prospective Bowland Shale unit at the Site [Ref. 3]. 

1.2 Purpose of This Report 

This report has been prepared by Envireau Water and presents a hydrogeological conceptual model with 
background justification, and a HRA based on that conceptual model for the Proposed Development at the Site.  

The risk assessment has been conducted following the principles described in the methodology and framework 
for groundwater risk assessment set out by DEFRA in Green Leaves III (GL III) [Ref. 4], and the Environment 
Agency’s approach to groundwater protection [Ref. 5] and technical guidance [Ref. 6]. 

Envireau Water has produced a flood risk assessment (FRA), contaminated land risk assessment (CLRA) and a 
groundwater monitoring plan (GMP) for the Proposed Development [Ref. 7, 8, 9], which should be read in 
conjunction with this report.  

The technical assessments produced by Envireau Water are intended to form technical appendices to an 
Environmental Impact Assessment (EIA) that will be submitted to the Mineral Planning Authority (MPA) as part of 
the planning application. These reports take account of the comments provided in the Scoping Opinion Report 
provided by the MPA as part of the application process. 

2 SITE SETTING 

The site location and setting are described in the following sections and presented on Figure 1. 

2.1 Location and Topography 

The Site is located approximately 1km north of the village of Great Altcar and approximately 2km east of the 
outskirts of the town of Formby. The coastline is approximately 6km to the west of the Site. 

The historic Formby Oilfield is located approximately 1km northwest of the Site and was first discovered by oil 
seepage at the surface. The location of the Formby Oilfield is shown on Figure 1.  

The Site is rectangular in shape and covers approximately 1.73ha of land, including the well site and access track. 
The centre of the Site is at approximately NGR SD 32685 07530 and is at an elevation of approximately 2m above 
Ordnance Datum (AOD). The surrounding land is relatively flat lying, rising to 10mAOD approximately 2km 
southeast of the Site at New Hill House.  



Envireau Water 

Ref: 2357 Aurora Energy Resources Altcar Moss \ RPT – Altcar Moss HRA Page 3 of 45 

The well site will be accessed by a private road off Sutton’s Lane. The access route is presented on Figure 1. 

2.2 Current and Historical Land Use 

The Site is located in a rural location and comprises agricultural land, with surrounding land predominantly used 
for agriculture. Sutton’s Lane borders the south-eastern boundary of the Site. Surrounding land use is agricultural, 
comprising arable fields, and woodland. The closest residential dwellings are located at Tyrer’s Farm and Formby’s 
Farm, both located approximately 1km southwest of the Site. 

A CLRA carried out by Envireau Water [Ref. 8] shows that historical land use at the Site has been agricultural and 
the Site has been undeveloped. The findings of the CLRA show that there is a potential for sources of 
contamination to impact surface waters and shallow groundwater systems at and in the vicinity of the Site. The 
sources of contamination are associated with naturally occurring hydrocarbons from the Formby Oilfield, natural 
ground gases from superficial deposits, and contaminated soils associated with a disused railway corridor and 
diffuse contamination from surrounding agricultural land. However, these sources are unlikely to present a 
significant risk that would lead to the Site being designated as contaminated land under Part 2a of the 
Environmental Protection Act 1990. 

2.3 Soils 

There are two soil types at the Site (taken from the LandIS Soilscapes website, developed by Cranfield University 
accessed on 18/06/2018 [Ref. 10]): 

• The soils in the eastern part of the Site are described as ‘fen peat soils’ with a ‘peaty texture’ and are
‘naturally wet’. The soils are described as draining to ‘local groundwater’. As a result of the naturally wet
conditions ‘cultivated soils are drained. Shallow groundwater and marginal ditches to most fields mean
that the water resource is vulnerable to pollution from nutrients applied to the land. Drainage of peat
containing sulphides will release extremely acid drainage water’ [Ref. 10].

• The soils in the western part of the Site are described as ‘loamy and sandy’ with a ‘peaty surface’ and
‘with naturally high groundwater’ and are ‘naturally wet’. The soils are described as draining to the ‘local
shallow groundwater’. As a result of the naturally wet conditions and high groundwater levels the ‘soils
are mostly drained. Shallow groundwater and marginal ditches to most fields mean that the water
resource is vulnerable to pollution from nutrients, pesticides and wastes applied to the land’ [Ref. 10].

A ground investigation (GI) was carried out in 2017 [Ref. 11, 12]. Analysis results of soil samples presented in the 
GI indicate that the soils are consistent with the expected range for the area. The soils are rich in organic content 
(up to 73%) and contain background levels of hydrocarbons, that are likely to be associated with naturally 
occurring hydrocarbons and oil seeps in the local area. 
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2.4 Walkover Survey 

A walkover survey was carried out by Envireau Water on 12 April 2018. The primary objective of the walkover was 
to confirm the Site setting and examine the surface water drainage network around and downstream from the 
Site. The findings of the walkover are summarised as follows: 

• The weather on the day of the walkover was dry and cool with a slight breeze. 
• The Site was an arable field with no crops growing on it on the day of the walkover.
• Downholland Moss SSSI (see Section 7.5) was an arable field with crops growing on it on the day of the

walkover. A number of drains cross the SSSI with water flowing south-eastwards along the drains and
into the New Cut drain.

• New Cut is present between the Site and Downholland Moss SSSI. Water flows north-eastwards along
New Cut until it reaches the higher-level Cheshire Lines Brook. An embankment approximately 2.5m high 
is present either side of New Cut.

• The drain present along the field boundary to the north of the Site does not have an inflow or outflow. It
is approximately 1.5m wide with a 2m deep channel.

• The drain shown on the OS map adjacent to the south-eastern boundary of the Site is not present. The
drain has been filled in and flow diverted south-eastwards along Middle Moss Lane. 

• There is an open pit with a culvert at the southern point of the Site approximately 0.5m in diameter. The
pit was filled with fly tipped material on the day of the walkover.

• Water draining from the Site flows south-eastwards along Middle Moss Lane, then north-eastwards
towards Higher Moss Lane where it then flows north-westwards along Higher Moss Lane, and then in a
north-easterly direction until it flows into New Cut and is then pumped into the Cheshire Lines Brook at
an Environment Agency pumping station. The New Cut pumping station is approximately 0.8km
northeast of the Site. There are a number of culverts present along this drainage route ranging between
1.2 and 1.5m in diameter.

• The Cheshire Lines Brook is approximately 3m wide and has a 4m high embankment either side of the
brook. Water in the brook flows towards the northwest until it is pumped into Downholland Brook,
which is approximately 7m wide at this location. 

• Flow rates along the lower level ditches were very low and flow close to the New Cut pumping station
was only visible when the pumps started. The depth of water in the lower level ditches ranged on
average from 0.3 to 0.5m.

• No oil seepage was observed at surface or in any of the drains immediately adjacent to the Site.
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3 PROPOSED DEVELOPMENT 
 
The Proposed Development comprises several phases and involves the construction of a well site compound and 
access track, the drilling and coring of a vertical borehole and the drilling of a horizontal borehole to evaluate 
hydrocarbon resources, subsequent hydraulic fracture stimulation and testing and, depending on the results of 
the exploration, either abandonment and reinstatement of the Site or further works subject to further planning 
permissions. 
 
The Proposed Development is described in more detail in Chapter 4 of the Environmental Statement. The 
relevant aspects of the development in the context of this assessment are summarised in the subsections below. 
 
3.1 Site Layout 
 
The Site comprises a new well site compound and access track. The well site design is split into two main sections:  
 

• The first section is a “sealed” drilling platform which covers 5,980m2, where the drilling rig and other 
equipment will be located.  

• The second section is the “unsealed” hardstanding area which covers 2,192m2, where cabin equipment, 
car parking and the Site access track will be located.  

 
The sealed platform and unsealed hardstanding area will be sited above existing ground level. A plan showing the 
proposed layout of the well site is included in Appendix A and full construction details and drawings of the well 
site construction are provided within the Civil Engineering Design Statement produced by Stuart Michael 
Associates [Ref. 13]. 
 
3.2 Site Design and Construction 
 
The design philosophy for the Site is presented Chapter 4 of the Environmental Statement; and is summarised in 
the following sub-sections. The design and construction takes account of the principles for the containment of 
potential contaminants set out in CIRIA guidance C736 – Containment Systems for the Prevention of Pollution 
[Ref. 14].  
 
3.2.1 Sealed Drilling Platform and Tertiary Containment System 
 
The proposed construction of the drilling platform comprises up to 600mm of Type 1 granular sub-base material 
which will be covered by 200mm thick concrete slab to the surface level of the platform. A protective geotextile 
separation and filtration layer will be installed at the base or beneath the granular sub-base material above which 
a welded 2mm thick welded HDPE impermeable membrane linear, underlain and overlain by non-woven 
geotextile layers, will be installed. A final geotextile separation layer will be placed mid thickness of the granular 
material.  
 
The HDPE impermeable membrane liner will encapsulate the whole area beneath the granular sub-base material 
up to the finished surface platform level. The membrane is to be wrapped at surface level over a 125mm high 
kerbing system and will be fixed at the rear of the kerb. Together these layers will make up the tertiary 
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containment system (TCS). Details of the design of the lining system, specification of the well site platform 
material and thickness are given in the Civil Engineering Design Statement [Ref. 13]. 
The works required for the installation of the TCS and wellsite platform will be undertaken under CQA conditions 
to ensure the materials and systems have been installed correctly to reach the required standards. 
 
The drilling platform will have a surface level at 2.200m AOD with a nominal rise to the centre of the platform to 
2.225m AOD. This will provide a fall for direct surface water to runoff to the perimeter containment ditch.  
 
The design of the drilling platform will enable it to drain water to the perimeter drainage system. Whilst the 
platform is not completely impermeable, the surface material and mixed grain size of the granular sub-base 
material required to provide the necessary stability will greatly reduce the permeability. As such, the platform will 
shed rainfall rather than allow it to infiltrate. The underlying HDPE membrane is very low permeability and 
provides tertiary containment.  
 
3.2.2 Unsealed Hardstanding Area 
 
The unsealed area will comprise a hardstanding surface. The proposed surface construction incorporates track 
mat panels (Dura-base composite mat system) on a minimum of 420mm of Type 1 granular sub-base material, 
with a geotextile supporting membrane.  
 
3.2.3 Drilling Cellar 
 
The drilling cellar will contain drilling muds recovered at surface during drilling operations and safely contain the 
well head equipment during construction and testing of the wells. The drilling cellar will be constructed from 
reinforced concrete, tied in to the HDPE liner. The ground around the cellar will be piled to provide structural 
support. The excavation for the cellar will be approximately 5m in depth. Conductor casings will be installed once 
the cellar is constructed (see Section 3.4.2). 
 
3.2.4 Bunded Containment Areas 
 
Bunded storage will form part of the secondary containment system for potential contaminants to the surface 
and shallow groundwater system on the well site. Bunded containment areas will be constructed of concrete in 
accordance with CIRIA guidance C736 – Containment Systems for the Prevention of Pollution [Ref. 14].  
 
Where two or more tanks are installed within the same bund, the capacity of the bund are sized as the greater of: 
 

1. 110 per cent of the capacity of the largest tank within the bund, or, 
2. 25 per cent of the total capacity of all of the tanks within the bund, except where tanks are hydraulically 

linked in which case they should be treated as if they were a single tank. 
 
The bunded storage areas will contain storage tanks for: 
 

• plant and equipment fuel;  
• flow back water and liquid hydrocarbons; and, 
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• liquid chemicals (non-hazardous) for use in hydraulic facture stimulation, including pH control, friction
reduction, bacterial control, corrosion inhibitors.

3.2.5 Site Access 

Access to the Site will be from Lord Sefton Way (west of the Site) along Sutton’s Lane initially, then through an 
access track through an adjacent field. The access track will be widened and upgraded to suit the vehicles using 
the route. A flexible type road construction is proposed for this section, appropriate for heavy use by articulated 
vehicles.  

The access track from Sutton’s Lane to the well site platform is within a field. The proposal is to utilise track mat 
panels (Dura-base composite mat system by Terrafirma/Newpark Mats & Integrated Services) on Type 1 granular 
fill material, with a geotextile supporting membrane.  

3.2.6 Surface Water Management System 

Management of surface water is described in detail in the FRA [Ref. 7] and will involve the following: 

• A containment ditch will run along the perimeter of the sealed platform in order to collect surface water
runoff and any spillages that may occur. The containment ditch is formed of open and closed sections.
The very low permeability HDPE membrane liner and associated protective geotextile underlays and
overlays will be laid through the containment ditch system.

• Installation of a 182m3 sub-surface cellular attenuation storage tank;
• Routing of surface water collected in the perimeter drain and the underground storage tank. The capacity 

of the Site drainage system will be sufficient to accommodate site run-off in the event of a 1 in 100 year
(+ climate change) storm event;

• Rainfall runoff at the Site will be controlled and managed within the enclosed well site. Clean surface
water will be discharged from the Site at the greenfield runoff rate (QBar).

• During drilling and testing phases, runoff will be stored and contained within the containment ditches of
the sealed platform. If after testing the quality of the runoff water it is found not suitable for discharge, it
will be tankered off-site to an Environment Agency approved facility.

• Bunding around fuel and liquid storage tanks to collect potentially contaminated runoff not suitable for
discharge. This water would be tankered off-site for disposal at an Environment Agency approved facility.
Bunded areas would have sufficient capacity, as described in Section 3.2.4.

3.3 Development Phases 

The phases of the development are summarised in Table 1 and are described in detail in Chapter 4 of the 
Environmental Statement. 
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Table 1 Summary of Development Phases 

Phase of Development Development Description 

Phase 1- 
Well site and access track 
construction works 

• Access track construction using a geomembrane separation and granular sub
base aggregate, overlaid with pre-made interlocking track panels.

• Construction of sealed drilling platform and unsealed hardstanding area with
drilling cellar, perimeter containment, water attenuation system, interceptor and
cess tank.

Phase 2-  
Drilling and coring of a vertical 
borehole 

• Mobilisation of surface conductor rig.
• Drill and set conductor casing to a depth of approximately 40mTVD followed

by demobilisation. 
• Mobilisation of a drilling rig and ancillary equipment followed by drilling and

coring of a single vertical borehole to a depth of approximately 3,000mTVD.
• Demobilisation of drilling rig and ancillary equipment.

Phase 3-  
Drilling of a horizontal borehole 

• Mobilisation of surface conductor rig.
• Drill and set conductor casing to a depth of approximately 40mTVD followed

by demobilisation. 
• Mobilisation of a drilling rig and ancillary equipment followed by drilling of a

borehole vertically to a level within the target shale formation and then
horizontally for approximately 1,500m.

• Demobilisation of drilling rig and ancillary equipment.
Phase 4-  
Hydraulic Fracture Stimulation 
of the Vertical and Horizontal 
Boreholes 

• Mobilisation of workover rig and/or coil tubing unit, hydraulic fracture
stimulation equipment and well test equipment.

• Hydraulic fracture stimulation of each borehole will be undertaken in turn.
• Demobilisation of hydraulic fracture stimulation equipment.

Phase 5-  
Initial Flow Testing of the 
Vertical and Horizontal 
Boreholes 

• A number of separate zones within the hydraulically fractured interval in the
vertical borehole will be flow tested, and once complete initial flow testing of
the horizontal borehole will be undertaken.

• Initial flow testing of the boreholes is expected to take up to 60 days.
• Produced gas to be incinerated on site via ground flare.
• Any liquid hydrocarbons would be separated and stored on site prior to

removal by tanker to a refinery for sale.

Phase 6 - Extended Well Test of 
the Horizontal Borehole 

• The production of natural gas under flow test for a period of up to 90 days.
• Produced gas to be incinerated on site via ground flare.
• Any liquid hydrocarbons would be separated and stored on site prior to

removal by tanker to a refinery for sale.

Phase 7 - Decommissioning and 
Borehole Abandonment 

• Decommissioning of all surface equipment followed by borehole
abandonment, including the mobilisation and demobilisation of a workover rig
and/or coil tubing unit and ancillary equipment.

Phase 8 - Site Restoration and 
Aftercare 

• Well site restoration to pre-development condition as agreed with the MPA and
Landowner, followed by a five year aftercare scheme.

3.4 Well Construction, Stimulation and Testing 

3.4.1 Standards 

It is a requirement for all new wells need to be constructed and operated in accordance with the Offshore 
Installations and Wells (Design and Construction, etc) Regulations 1996 [Ref. 15] and the Borehole Sites and 
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Operations Regulations (BSORS), 1995 [Ref. 16]. These regulations require a well to be designed, constructed, 
suspended and abandoned in such a way as to prevent unplanned escape of fluids at any time during operation 
and after abandonment.  

The wells will be inspected by an independent well examiner to assess the well design, construction and 
maintenance and ensure that good industry practice is followed throughout their life-cycle and decommissioning. 

3.4.2 Design Concept for New Wells 

The new wells will be constructed to target productive horizons within Carboniferous Bowland Shale and Hodder 
Mudstone sequence. Cemented steel casings will be used to prevent groundwater movement between geological 
formations and stop potentially polluting formation water or hydrocarbons in the deeper formations migrating 
upwards to shallower groundwater systems. Once the wells are constructed, blow out prevention equipment will 
control the migration of fluids and gases to the surface during construction and operation of the well. 

The outline construction schematics for the new wells are provided in Appendix B and summarised as follows: 

Vertical Well 

The vertical well (Altcar Moss 1) will be drilled near vertical to approximately 2,960mTVD to assess productive 
horizons within the Bowland Shale/ Hodder Mudstone sequence.  

A water well type drilling rig will drill a large diameter borehole to a depth of approximately 40mTVD and install a 
nominal 700mm (28”) conductor casing, grouted back to surface with cement. This will be carried out during the 
construction of the well site. An oilfield drilling rig will then be mobilised to Site to continue drilling to the 
intended depth with the installation of grouted casing to the following depths: 500mm (20”) diameter casing to 
275mTVD, 334mm (13 3/8”) diameter casing to 1,030mTVD, 241mm (9 5/8”) diameter casing to 2,000mTVD, and 
138mm (5 ½”) diameter casing to 2,960mTVD. 

At certain intervals in the borehole construction, cores will be cut in order to acquire rock samples of the target 
formations. Wireline logging and formation integrity testing will be carried out at various stages in the borehole 
construction. Wireline logging will include, amongst other things, cement bond logs to confirm that a suitable 
cement seal exists at each casing stage. 

Horizontal Well 

The horizontal well (Altcar Moss 2) will be drilled down to the target zone and then drilled horizontally within this 
zone for approximately 1,500m. 

The equipment used and the method of construction, including the drilling and setting of the surface conductor 
casing, will be similar to that used to drill and construct the vertical borehole.  

The 700mm (28”) diameter conductor casing will be installed to a depth of approximately 40mTVD followed by 
500mm (20”) diameter casing to 275mTVD, 334mm (13 3/8”) diameter casing to 1,030mTVD, and 241mm (9 
5/8”) diameter casing to 2,000mTVD. The horizontal section of the borehole will then comprise 175mm (7”) 
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diameter casing from 150m inside the 241mm casing to 2,113mTVD and 113mm (4 ½”) diameter casing from 
150m inside the 175mm casing to 1,792mTVD. 
 
3.4.3 Drilling Fluids 
 
Drilling fluids (or “muds”) are used in the drilling of wells to cool and lubricate the drill bit and bring drill cuttings 
to the surface. The specification of the drilling fluids is designed to minimise fluid loss or fluid gain to/from the 
rock formations, whilst allowing the drilling to progress. 
 
It is proposed to use water-based muds when installing the conductor casing and drilling through any formation 
that has a potential for groundwater with a resource value. Oil-based muds may be used to advance the drilling 
through deep formations. 
 
3.4.4 Hydraulic Fracture Stimulation 
 
The final configuration for the hydraulic fracture stimulation will be established after the initial drilling and 
wireline logging results are available for each borehole. A final hydraulic fracture plan for each borehole will be 
submitted to the Oil and Gas Authority and Environment Agency for approval before any hydraulic fracture 
stimulation operations commence. 
 
During each hydraulic fracture stimulation stage, the hydraulic fracturing fluid is pumped under pressure into the 
formation. As the fluid pressure increases it fractures the formation and pushes the hydraulic fracturing fluid into 
the fractures. When the pressure is released, a proportion of the hydraulic fracturing fluid flows back from the 
formation leaving behind the sand, which props open the fractures, allowing hydrocarbons to flow around the 
sand grains and into the borehole.  
 
Between 25 and 50% of the hydraulic fracturing fluid will flow back to surface following the hydraulic fracturing of 
each zone (flowback fluid). The remaining 50 to 75% will be retained within the formation. Flowback fluid 
returned to surface from earlier stages may be treated on-site and reused in subsequent stages.  
 
The hydraulic fracturing fluid will comprise almost entirely of a mixture of water and sand. A small percentage of 
the fluid will comprise a small number of additives for pH control, friction reduction, bacterial control, corrosion 
inhibitors. None of the additives will be hazardous as defined by UKTAG [Ref. 17] and full details of all chemicals 
will be approved for use through the environmental permitting process.  
 
3.4.5 Testing 
 
Once the hydraulic fracture stimulation operations are complete, up to 5 separate zones within the hydraulically 
fractured interval in the vertical borehole will be individually flow tested. Each tested zone will comprise a number 
of fracture stages. Once initial flow testing of the vertical borehole is complete, initial flow testing of the 
horizontal borehole will be undertaken.  
 
The purpose of the initial flow test is to determine whether natural gas and liquid hydrocarbons (if present) can 
flow to surface from a particular zone, and if consistent flow rates and pressures can be established. If natural gas 
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and /or liquid hydrocarbons do flow to surface and consistent flow rates and pressures are established in the 
horizontal borehole, this borehole will be subject to an extended well test. 

3.5 Management of Foul Water 

Foul water and sewage produced during the construction, operation and decommissioning of the Site will be 
collected and contained in a cess tank on-site, and then transported off-site to an approved waste water 
treatment facility. There will be no connections for waste water or sewage from the welfare facilities to the Site 
drainage system. 

3.6 Management of Produced Gas and Fluids 

During the initial flow testing, any flow of hydrocarbons will initially be comingled with the returning flowback 
fluid. This fluid comprises predominantly water and will be separated from the natural gas and liquid 
hydrocarbons (if present) by way of a 3-phase separator. Flowback water and liquid hydrocarbons will be diverted 
from the separator to dedicated storage tanks. Flowback water will be transferred to an off-site disposal facility in 
accordance with an environmental permit and hydrocarbons transported to a refinery. 

Natural gas will be diverted from the separator to a ground flare located on-site for incineration in accordance 
with the conditions of an environmental permit. 

3.7 Management of Extractive Waste 

The borehole drilling, hydraulic fracture stimulation, testing and borehole decommissioning operations will 
produce extractive waste including drilling muds, rock cuttings, brines, excess cement, residual flowback water, 
proppant, liquid hydrocarbons and natural gas. These materials will be contained before transfer to an off-site 
disposal facility in accordance with an environmental permit. 

3.8 Well Abandonment 

All wells will be abandoned in accordance with current UK Oil and Gas guidelines [Ref. 18] to prevent the release 
of fluids. Cement plugs will be used to isolate permeable zones/formations from each other and from the land 
surface. The well abandonment will be inspected by an independent well examiner to verify this process. 

3.9 Environmental Permits 

Before any development can progress, AER will obtain environmental permits from the Environment Agency.  
Detailed descriptions of the activities associated with the Proposed Development will be provided as part of that 
process. Environmental permits will only be issued if the Environment Agency is confident that the activities will 
not pose an unacceptable risk to the environment. This risk assessment has been conducted on the reasonable 
assumption that AER will be able to obtain the requisite permits for the proposed activities. 
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4 HYDROLOGY 

4.1 Setting and Watercourses 

The Site is situated in the relatively flat, low lying, floodplain of a sub-catchment of the larger River Alt catchment. 
The catchment is drained by a network of arterial drainage dykes and pumping stations managed by the 
Environment Agency. The hydrological setting of the area is presented on Figure 2. 

The local drainage network and movement of water has been characterised by observations recorded during a 
field walkover survey undertaken by Envireau Water on 12 April 2018 (Section 2.4). The drainage dykes are 
trapezoidal in shape and measure approximately 2m deep and 1.5m wide at the top. Numerous culverts exist 
along the arterial dyke network. These culverts range in diameter from approximately 1.2m – 1.5m. 

The overall direction of drainage within the local drainage network is northeast towards Cheshire Lines Brook (the 
main drain). The local network drains to a larger dyke known as the New Cut which measures approximately 2.5m 
deep and 1.5m wide at the top and has roughly 2.5m high earth embankments. The New Cut drains north-
eastwards to the New Cut Pumping Station, which transfers water into a main drain, the Cheshire Lines Brook, 
approximately 0.6km northeast of the Site. 

The Cheshire Lines Brook flows to the northwest where it joins the Downholland Brook, which flows in a 
predominately southwest direction past Little Altcar to its confluence with the River Alt. Both watercourses are 
canalised and act as fluvial flood defences. The embankments of the Cheshire Lines Brook measure approximately 
4m high and 3m wide. 

4.2 Catchment Characterisation 

The key hydrological catchment descriptors relating to the Site, surrounding area and associated hydrological 
catchment have been derived from the Flood Estimation Handbook (FEH) Web Service [Ref. 19] and are provided 
in Table 2. 

Table 2 Hydrological Catchment Descriptors 

Catchment Descriptor Abbreviation Catchment Value 

Catchment Area AREA 1.52km2 
Mean Catchment Altitude ALTBAR 6mAOD 
Base Flow Index associated with each HOST soil class BFIHOST 74% 
Standard Percentage Runoff associated with each HOST soil class SPRHOST 18% 
Proportion of time that catchment soils are defined as ‘wet’ (soil 
moisture deficit of less than 6mm) 

PROPWET 0.41 (i.e. 41% of the time) 

Standard Average Annual Rainfall (1961 – 1990) SAAR 834mm/year 
Extent of urban and suburban land within catchment URBEXT2000 0 
Description of location of urban / suburban areas within catchment URBLOC2000 0 
Concentration of catchment urbanisation (quantification of 
connectivity of urban and suburban areas) 

URBCONC2000 0 
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The standard average annual rainfall (SAAR) is 834mm. The urban land extent descriptors indicate that the 
catchment is rural. The Base Flow Index (BFIHOST) is 74%, which indicates that that there is a high groundwater 
component in the river discharge, which is to be expected given the shallow groundwater levels (Section 6.2). The 
Standard Percentage Runoff (SPRHOST) indicates that the proportion of runoff within the catchment is 18%, 
which is a relatively low value. This value is consistent with the natural soil type at the Site as detailed within 
Section 2.3, which is ‘fen peat soils’ and ‘loamy and sandy’. 
 
5 GEOLOGY 
 
The geological setting has been characterised using British Geological Survey (BGS) map sheets 83 (Formby), 84 
(Wigan), 97 (Runcorn), 74 (Southport) and 75 Preston [Ref. 20, 21, 22, 23, 24]; the BGS online Geoindex and 
Lexicon; the BGS Memoir for Southport and Formby [Ref. 25]; BGS Subsurface Memoir: Structure and evolution of 
the Craven Basin and adjacent areas [Ref. 26]; BGS borehole records; and geological and geophysical data 
obtained during historic oil and gas exploration. 
 
The geological setting of the area, as defined by the BGS, is presented on Figures 3a to 3b. 
 
5.1 Regional Geology 
 
The Formby area is located within the West Lancashire Basin where Permo-Triassic rocks unconformably overlie a 
thick Carboniferous sedimentary sequence and a Lower Palaeozoic basement. The basin is bounded to the east by 
the Western Boundary Fault which trends approximately north-south through Burscough and Knowsley, to the 
west the Formby Basin extends into the wider East Irish Sea Basin. Carboniferous rocks outcrop and subcrop 
15km to the east of Formby beyond the Western Boundary Fault [Ref. 21]. 
 
5.1.1 Superficial Deposits 
 
Superficial deposits in the area are dominated by Tidal Flat Deposits (clay and silt) and Blown Sand near the coast. 
Inland of Formby the main deposits are Alluvium (clay, silt, sand and gravel), Downholland Silt, Peat, Shirdley Hill 
Sand Formation and Glacial Till. 
 
5.1.2 Bedrock Geology 
 
A summary of the regional bedrock geology is provided in Table 3.   
 
Table 3  Regional Bedrock Geological Summary 
 
Period Group Formation Description 

Triassic 
Mercia 
Mudstone Group 

Sidmouth Mudstone Formation 
(Lower Keuper Marl) 

Mudstone 

Tarporley Siltstone Formation 
(Keuper Waterstones) 

Mudstone, siltstone and sandstone 

Triassic 
Sherwood 
Sandstone Group 

Helsby Sandstone Formation 
(Keuper Sandstone/Ormskirk Sandstone) 

Pebbly sandstone 

Wilmslow Sandstone Formation 
(Bunter Formation/Upper Mottled Sandstone) 

Sandstones with sporadic siltstones 
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Period Group Formation Description 
Chester Formation 
(Bunter Pebble Beds) 

Conglomerates and sandstones with 
mudstone 

#Kinnerton Sandstone Formation 
(Lower Mottled Sandstone) 

Sandstone 

Permian 

Cumbrian Coast 
Group 

Manchester Marls Formation 
(Manchester Marl) 

Marl (calcareous mudstone and 
siltstone) with limestone and dolomite 

Appleby Group 
Collyhurst Sandstone Formation 
(Lower Permian Sandstone) 

Sandstone 

Carboniferous 

Warwickshire 
Group 

#Salop Formation 
(Keele Formation) 

Mudstone and sandstone 

#Halesowen Formation 
(Keele Formation) 

Sandstone and mudstone, with thin 
coals and limestone beds 

#Etruria Formation 
(Etruria Marl) 

Mudstone, with sandstones and 
conglomerates 

Pennine Coal 
Measures Group 

#Pennine Upper Coal Measures Formation 
(Upper Coal Measures) 
Stage: Westphalian C Mudstone, siltstone and sandstone, 

commonly with coal seams. #Pennine Middle Coal Measures Formation 
(Middle Coal Measures) 
Stage: Westphalian B 
#Pennine Lower Coal Measures Formation 
(Lower Coal Measures) 
Stage: Westphalian A 

Mudstone, siltstone and sandstone, 
with coal seams in the upper part. 

Millstone Grit 
Group 

#Rossendale Formation 
(Rough Rock Grit Group) 

Sandstone with siltstone and 
mudstone, and shales, thin coals and 
seatearths. 

#Marsden Formation 
(Middle Grit) 
#Hebden Formation 
(Kinderscout Grit Group) 
#Samlesbury Formation 
#Silsden Formation 
(Silsden Moor Grit) 
Pendleton Formation 
(Pendle Grit Formation) 

Craven Group 

Bowland Shale Formation 
(Bowland Shales, Holywell Shales, Holywell 
Shale Formation) 

Mudstone 

Pendleside Limestone Formation Packstone and wackestone 
Hodderense Limestone Formation Wackestone 
Hodder Mudstone Formation Mudstone 

Bowland High 
Group 

Clitheroe Limestone Formation Packstone and wackestone 
Chatburn Limestone Formation Packstone limestone 

Notes: 
The former name of each formation is shown in parentheses.  
#Not present at the Site 

5.1.3 Structural Geology 

The Pre-Carboniferous basement in the area is structurally dominated by southwest-northeast trending faults and 
folds related to the Caledonian Orogeny, a major tectonic event that deformed the British Isles between the 
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Ordovician and Devonian Periods. Carboniferous rocks were deposited onto the inherited Caledonian structure in 
an extensional tectonic regime within fault controlled subsiding basins. The major bounding faults active in the 
Early Carboniferous follow the Caledonian trend (southwest-northeast). The Formby Basin, a southwestern 
continuation of the larger Craven (Bowland) Basin [Ref. 26] was the focus for deposition in the Formby area 
during the Carboniferous; basin formation was controlled by movement on the now concealed Pendle Fault, to 
the south. 
 
In Late Carboniferous to Early Permian times, the compressional structural regime of the Variscan Orogeny 
resulted in inversion of the Carboniferous basins of the region and a hiatus in deposition. Uplift and erosion during 
this period removed approximately 3000m of Carboniferous strata in the Formby area and up to 4000m of 
Carboniferous strata in parts of northwest England [Ref. 26] and resulted in folding and faulting of the 
Carboniferous strata on a predominantly west-southwest to east-northeast trend. The Pendle Fault, the principal 
structure controlling basin development during the Early Carboniferous, was reactivated and significantly 
reversed during this period.  
 
By Late Permian and Early Triassic times, east-west regional extension resulted in the formation of a series of 
fault-bounded depositional basins trending roughly north-south. The Formby area lay within the West Lancashire 
Basin, a sub-basin of the wider East Irish Sea Basin. The basin was bounded to the east by the Western Boundary 
Fault and within it a thick succession of Permian and Triassic sediments were deposited onto eroded 
Carboniferous rocks. Thicknesses of Permo-Triassic strata are variable in the region due to significant syn-
sedimentary fault growth in the basin and onlap onto palaeohighs. 
 
Little evidence for post-Triassic deposition exists in the region but it is thought that around 2,000m of Jurassic and 
younger strata were removed during Tertiary uplift and erosion [Ref. 27].  
 
The major faults mapped in the area are: 
 

• Western Boundary Fault - This key regional structure passes 12km east of the Site. The throw on the fault 
is around 600m down to the west and the style is normal. The fault forms the eastern boundary of the 
Permo-Triassic West Lancashire Basin and the western limit of the workable Lancashire Coalfield where it 
brings Triassic age rocks against Lower Carboniferous rocks.  

• Croxteth Fault - The fault is mapped from the Liverpool area through to the area northeast of Formby 
and passes ~ 2.7km east of the Site. It is normal fault trending northwest-southeast downthrowing to the 
west. BGS cross-sections [Ref. 21] indicate a throw of around 800m in the Kirkby area, however as the 
fault appears to die out near Formby the throw there may be significantly less. A major structure in the 
area, movement on this fault was responsible for the formation of a minor sub-basin within the wider 
West Lancashire Basin during the Permo-Triassic. 

• Hillhouse Fault - The Site lies on a downfaulted block bounded by the Hillhouse Fault to the northeast 
and the Ince Blundell Fault to the southwest. The Hillhouse Fault trends northwest-southeast and is 
shown to have a normal displacement, downthrowing southwest. The fault is interpreted to be a 
subsidiary splay of the larger Croxteth Fault, separating from it in the Maghull area, and is mapped 200m 
to the northeast of the Site. 

• Ince Blundell Fault - The Ince Blundell Fault is mapped as a northwest-southeast trending normal fault 
from the area west of Aintree to the village of Ince Blundell in the Formby area. The fault is 
downthrowing to the northeast around 80-90m [Ref. 2]. North of the village of Ince Blundell the fault is 
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shown on the geological map sheet to turn northwards and die out at around ~800m southwest of the 
Site. 

 
It should be noted that the trace of the Croxteth, Hillhouse and Ince Blundell Faults above are taken from the 
Formby BGS map sheet [Ref. 20] which was completed in the 19th Century before extensive oil exploration 
drilling in the area. The current interpretation of the location and orientation of these faults is discussed in Section 
5.2.4 below. 
 
5.2 Site Specific Geology 
 
The geological sequence at the Site has been determined through an independent study of historic borehole 
records in the area sourced from the BGS and GI data [Ref. 11, 12]. Numerous boreholes have penetrated the 
superficial and Permo-Triassic geology, the deeper geology below the sub-Permian unconformity has been 
characterised from the borehole log of the historic Formby-1 exploration well (BGS record ref. SD30NW22), data 
from published geological maps, and modelled stratigraphic thicknesses and formation contours provided by AER. 
 
The sequence and estimated thicknesses of the strata is summarised in Table 4. 
 
Table 4  Expected Geological Sequence at the Site 
 

Period Group Formation Description 
Estimated 
Thickness 
(m) 

Estimated 
depth to base of 
strata (mbgl) 

Quaternary 

Fluvial Deposits Alluvium 
Clay, silt, sand and 
gravel 

1.5 1.5 

Floral Organic 
Deposits 

Peat Organic-rich clay 0.5 2 

n/a 
Downholland Silt 
(historically named 
Scrobicularia Clay) 

Silt, silty clay and some 
sand beds. 

5 7 
British Coastal 
Deposits Group 

Shirdley Hill Sand 
Formation 

Sand with peat layers 

Stockport 
Glaciogenic 
Formation 

Glacial Till (Boulder 
Clay) 

Diamicton 11 18 

Triassic 
Mercia 
Mudstone Group 

Sidmouth Mudstone 
Formation 
(Lower Keuper Marl) 

Silty mudstones, 
siltstones and some 
sandstones. 

250  268 

Tarporley Siltstone 
Formation 
(Keuper Waterstones) 

Micaceous siltstones 
and mudstones 
interbedded with fine 
sandstones. 

47 315 

Triassic 
Sherwood 
Sandstone Group 

Helsby Sandstone 
Formation 
(Keuper Sandstone/ 
Ormskirk Sandstone) 

Sandstone with 
occasional siltstone and 
mudstone. 

270 585 
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Period Group Formation Description 
Estimated 
Thickness 
(m) 

Estimated 
depth to base of 
strata (mbgl) 

Wilmslow Sandstone 
Formation 
(Bunter Formation, 
Bunter Sandstone/Upper 
Mottled Sandstone) 

Sandstone with 
mudstone interbeds. 

200 785 

Chester Formation 
(Bunter Pebble Beds) 

Sandstone with 
pebbles. 

200 985 

Permian 

Cumbrian Coast 
Group 

Manchester Marls 
Formation 
(Manchester Marl) 

Silty calcareous 
mudstones with 
sandstones and 
dolomite. 

90 1075 

Appleby Group 

Collyhurst Sandstone 
Formation 
(Lower Permian 
Sandstone) 

Sandstone 575 1650 

Carboniferous 

Millstone Grit 
Group 

Pendleton Formation 
(Pendle Grit Formation) 

Sandstones, siltstones, 
dolomitic limestone, 
gritstones. 

380 2030 

Craven Group 

Bowland Shale 
Formation 
(Bowland Shales, 
Holywell Shales, 
Holywell Shale 
Formation) 

Mudstone with some 
sandstone. 

340 2370 

Pendleside Limestone 
Formation/ 
Hodderense Limestone 
Formation 

Packstone and 
wackestone 

30 2400 

Hodder Mudstone 
Formation 

Mudstone 510 2910 

Bowland High 
Group 

Clitheroe Limestone 
Formation/ Chatburn 
Limestone Formation 

Packstone and 
wackestone 

>1000

Notes: 
The former name of each formation is shown in parentheses.  

5.2.1 Superficial Deposits 

Geological mapping for the area [Ref. 20] indicates that the Site is underlain by Peat deposits, however site 
investigation data [Ref. 11, 12] has provided more detailed information on the upper ~7m of superficial deposits 
present at the Site. The site investigation data shows that the superficial deposits at the Site consist of varying 
thicknesses of Alluvium, Peat, Downholland Silt (a silt and clay dominated deposit) and Shirdley Hill Sand 
Formation above Glacial Till.  

The uppermost units comprise topsoil and Alluvium with thin beds of Peat. Peat deposits in the area were 
previously more extensive but are likely to have been significantly reduced by a combination of land drainage, 
peat cutting and intensive agricultural use. 
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The Peat is underlain by the estuarine Downholland Silt and the laterally-discontinuous windblown post-glacial 
Shirdley Hill Sand Formation. 
 
The superficial deposits have a total recorded thickness of ~18m in the Altcar Borehole (BGS record ref. 
SD30NW108), drilled in 1890 and approximately 70m north of the Site, although they thicken rapidly to the west 
reaching 36m at Formby-G10 (BGS record ref. SD30NW51) located 800m west of the Site. 
 
5.2.2 Bedrock Geology – Permo-Triassic 
 
The Triassic bedrock beneath the superficial deposits at the Site comprise approximately 300m of the Sidmouth 
Mudstone Formation and Tarporley Siltstone Formation (Mercia Mudstone Group) underlain by approximately 
670m of the Sherwood Sandstone Group. Bedrock in the area dip to the northwest from 10° to near horizontal 
[Ref. 25]. 
 
The Sherwood Sandstone Group is underlain by Permian strata comprising approximately 90m of the Manchester 
Marls Formation of the Cumbrian Coast Group and approximately 575m of the Collyhurst Sandstone Formation of 
the Appleby Group. 
 
5.2.3 Bedrock Geology – Carboniferous 
 
Deep erosion at the sub-Permian unconformity has removed up to 3,000m of Carboniferous strata at the Site, 
including the entire Pennine Coal Measures Group, and Permo-Triassic rocks lie directly upon rocks of Namurian 
age. 
 
In the nearby Formby-1 exploration borehole (BGS record ref. SD30NW22), the Pendleton Formation (basal 
Millstone Grit Group) is present beneath the Permo-Triassic. Oxidative weathering, due to sub-aerial exposure of 
the bedrock in the end Carboniferous/early Permian, has penetrated more than 300m into the strata. The rocks 
below the unconformity have been profoundly altered and are recorded as being reddened and silicified. 
 
The Formby-1 exploration borehole (BGS record ref. SD30NW22) penetrated 165m of the Bowland Shale beneath 
the Millstone Grit Group and reached total depth within the Lower Bowland Shale Formation. From the 
interpretation of geophysical data by AER, it is expected that the Bowland/Hodder Unit (comprising the Upper 
and Lower Bowland Shales, Hodderense Limestone and the Hodder Mudstone) will have a thickness of 
approximately 900m at the Site. The Bowland/Hodder Unit is interpreted to be underlain by limestones of the 
Bowland High Group which may reach a thickness more than 1000m. 
 
5.2.4 Structural Geology 
 
Hillhouse Fault 
 
A resistivity tomography survey carried out 1km north of the Site by AER [Ref. 28] imaged the subsurface across a 
ground through which the Hillhouse Fault should pass according to BGS mapping data [Ref. 20].  However, the 
survey data did not show the continuation of the Hillhouse Fault as mapped. The BGS map sheet [Ref. 20] which 
covers the Site was first mapped in the late 19th century and resurveyed in 1937 with limited data. Therefore, if 
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the Hillhouse Fault is present close to the Site, it probably passes further to the east and accordingly has an 
orientation closer to north-south. 
 
Ince Blundell Fault 
 
The resistivity tomography data [Ref. 28] shows a fault with a normal displacement which is consistent with a 
northern extension of the Ince Blundell Fault. It is likely therefore that this fault is present approximately 600m 
west of the Site. A geological cross-section provided by AER indicates that the fault is steeply dipping to the east 
(~70°) with a throw of around 60m in the near-surface Triassic strata. The thickness of Mercia Mudstone Group 
preserved in the area of the Site is largely controlled by this fault: boreholes on the footwall block (i.e. to the west 
of the fault) having a much thinner preserved sequence of these strata, e.g. the Formby-1 exploration borehole 
with 49m of Mercia Mudstone Group, compared to those on the hangingwall (i.e. the downthrown block, to the 
east of the fault ), e.g. the Altcar borehole with 296m of Mercia Mudstone Group. 
 
6 HYDROGEOLOGY 
 
6.1 Terminology 
 
The geological strata can be grouped into ‘hydrogeological units’ based on their properties relative to one 
another. In this case, the hydrogeology relating to the Proposed Development fundamentally comprises shallow 
systems containing relatively fresh, recently recharged groundwater with a ‘resource value’; and deeper systems 
containing low quality formation water with ‘no resource value’. In order to differentiate between these systems, 
the following descriptions have been applied:  
 

• Groundwater - that water which can be reasonably attributed to relatively geologically recent recharge 
and which would reasonably be considered to be wholesome (potable) unless it has been contaminated 
(altered) by anthropogenic activity 

• Aquifer - the strata that contains groundwater as defined above 
• Produced water - the water (brine) produced from the gas production formation in association with the 

extraction and separation of gas or the development of the well 
• Formation water - the water (brine) within the gas production horizons which can reasonably be 

considered as connate, or sourced from geologically old recharge 
• Water bearing formation - a geological unit (or formation) which contains formation water 

 
The terms “Groundwater” and “Aquifer” can be taken to mean the same as that intended by the Water 
Framework Directive (WFD) and Groundwater Daughter Directive (GWDD) [Ref. 29, 30]. The terms “produced 
water”, “formation water” and “water-bearing formation” are terms commonly used in the oil and gas 
development industry and are used in this context to differentiate from groundwater systems.  
 
Based on the UK Technical Advisory Group (UKTAG) definition of a groundwater body [Ref. 31], the description of 
aquifer and groundwater used in this assessment is directly analogous to a groundwater body with a resource 
value. Similarly, the depth and salinity of the water bearing formations defines them as having no resource value 
and are therefore not groundwater bodies. 
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At some depth, depending on the nature of the aquifer, groundwater loses its value as a resource that can be 
either exploited for human activities and/or support surface flows and ecosystems and/or have a connection with 
surface water receptors.  As an example, a default maximum depth of 400m is cited by UKTAG [Ref. 31]. 
However, default values may be subject to change based on local/site specific information. 
6.2 Groundwater Systems 
 
The presence of aquifers has been assessed using information from the Environment Agency publications – the 
physical properties of major aquifers in England and Wales [Ref. 32] and the physical properties of minor aquifers 
in England and Wales [Ref. 33], combined with the terminology described in Section 6.1. 
 
Groundwater level and quality data has been obtained from the Environment Agency within a 5km radius of the 
Site. The monitoring locations are presented on Figure 4 and the water level data is presented as a hydrograph on 
Figure 5. The data is discussed in the following sub-sections. 
 
6.2.1 Superficial Deposits 
 
The superficial deposits at the Site and the local area predominantly comprise soils, peat, silt, clay and sand and 
are classed by the Environment Agency as Unproductive. The more permeable horizons within the superficial 
deposits, e.g. the sands, are however likely to support a shallow groundwater system that is connected to and 
supports base flow in field drainage channels. The superficial deposits are therefore considered to have a 
resource value locally, albeit minor. 
 
There are likely to be varying potentiometric surfaces and perched groundwaters in the superficial deposits on 
account of their variable nature. The water level information obtained from the GI [Ref. 11, 12] at the Site 
indicates that groundwater was encountered from 0.8mbgl in some exploratory holes although some of the 
exploratory holes were noted to be wet from 2-3mbgl. The groundwater elevation is therefore expected to be 
between 1mAOD to -1mAOD beneath the Site. Overall, groundwater flow within the superficial deposits is 
expected to be limited and largely controlled by the pumped drainage system. 
 
The closest EA groundwater level monitoring locations targeting the superficial deposits are located between 4 
and 5km to the west of the Site (Figure 4) and comprise 5 boreholes drilled to 17m into the Blown Sand near the 
coast.  The groundwater levels at these boreholes are between 7 and 13mAOD (Figure 5), however, the Blown 
Sand is not representative of the superficial deposits present at the Site.  
 
Recharge to the more permeable horizons within the superficial deposits will be via direct infiltration from 
surface, however recharge is expected to be limited as the permeable horizons are of limited lateral extent and 
surrounded by lower permeability deposits. 
 
6.2.2 Mercia Mudstone Group 
 
The Mercia Mudstone is classed by the Environment Agency as a Secondary B aquifer and comprises 
approximately 250m of the Sidmouth Mudstone Formation underlain by approximately 47m of the Tarporley 
Siltstone Formation at this location.  
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The Mercia Mudstone is a multi-layered aquifer with thin impersistent siltstones and sandstones (skerries) 
interbedded with low permeability mudstones. The skerries are often less than 1m thick and very well cemented, 
however they may contain and transmit limited quantities of groundwater through fractures [Ref. 33]. Thicker 
sandstone horizons are more common in the basal part of the sequence (Tarporley Siltstone Formation 
“Waterstones”), where the groundwater is sometimes in hydraulic continuity with the underlying Sherwood 
Sandstone aquifer. 
 
Yields from skerries commonly range from less than 25m3/day to 130m3/day for variable amounts of drawdown. 
However, boreholes in north-west England are often dry or encounter saline or brackish water due to the 
dissolution of halite deposits [Ref. 33] present as beds or cement within the mudstones (see Section 6.4). In this 
area the Tarporley Siltstone Formation is also a reservoir of the Formby Oilfield (Section 1.1.2). 
 
There are no EA groundwater level monitoring locations targeting the Mercia Mudstone within 5km of the Site. 
Groundwater levels are likely to be variable and dependent on the presence of sandstone horizons, however 
overall are expected to be within 1 to 3mbgl. Groundwater flow is expected to be limited, however it is expected 
that any flow present within the Mercia Mudstone will be to the west towards the coast. 
 
6.2.3 Permo-Triassic Sandstones 
 
The Permo-Triassic sandstones beneath the Site comprise the Triassic Sherwood Sandstone Group and the 
Permian Appleby Group, which collectively form a Principal aquifer with a widely recognised resource value. In 
this setting, the Permo-Triassic sandstones are all considered to be in hydraulic continuity. 
 
Sherwood Sandstone Group 
 
The Sherwood Sandstone Group comprises the Helsby Sandstone (“Ormskirk Sandstone”), Wilmslow Sandstone 
and Chester Formations, which have a combined thickness of approximately 670m. The three formations are all 
considered to be in hydraulic continuity. 
 
The sandstones are generally well sorted and fine to medium grained. They are predominantly poorly cemented 
with high porosities, however, the pebbly horizons within the Helsby Sandstone Formation and the Chester 
Formation are generally more cemented, have lower porosities and are slightly less permeable than the rest of 
the Sherwood Sandstone Group [Ref. 32]. 
 
The Sherwood Sandstone aquifer provides a significant source for public water supplies at a regional and national 
scale and is a groundwater body with a major resource value. However, the Sherwood Sandstone is not targeted 
for abstraction in the immediate vicinity due to its depth beneath the Site. Locally, the Helsby Sandstone 
Formation is a hydrocarbon reservoir of the shallow Formby Oilfield (Section 1.1.2). At the Site, the top of the 
Sherwood Sandstone Group is in excess of 300mbgl and therefore the majority of the aquifer is greater than 
400mbgl, the depth at which groundwater is generally defined as losing its value as a resource [Ref. 31]. 
 
A public water supply is located approximately 4.5km east of the Site at Blundell House Pumping Station (Section 
7.2.1) and abstracts water from the Sherwood Sandstone Group (Helsby Sandstone Formation). At this location, 
the Sherwood Sandstone subcrops beneath the superficial deposits and the pumping station is located within the 
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middle of a faulted block being approximately 1.8km east of the Croxteth Fault and approximately 1.5km west of 
the Halsall Fault. 
 
There are two EA groundwater level monitoring locations targeting the Sherwood Sandstone within 5km of the 
Site, located at Plex Moss and Blundell House Pumping Station, approximately 3.5km and 4.5km east of the Site 
respectively (Figure 4). The Plex Moss borehole is approximately 80m deep and the Blundell House borehole is 
approximately 200m deep. At both of these locations the Sherwood Sandstone subcrops beneath the superficial 
deposits. The rest groundwater levels at these boreholes are currently around 12mAOD and the pumping water 
level at Blundell House is currently around -14mAOD (Figure 5). Regional groundwater flow directions within the 
Sherwood Sandstone is west towards the sea and groundwater levels in the Sherwood Sandstone present at 
depth beneath the Site (>300mbgl) are expected to be close to ground level.  
 
Appleby Group 
 
There is approximately 700m of Permian strata beneath the Site comprising the Manchester Marl Formation and 
the Appleby Group (Collyhurst Sandstone Formation). In most areas, the Collyhurst Sandstone Formation is 
hydraulically separated from the overlying Sherwood Sandstone by the intervening Manchester Marl Formation, 
which has a thickness of approximately 90m beneath the Site, although in parts of the area faulting may act as a 
pathway between the sandstone units.  
 
The Appleby Group is in in excess of 1,000mbgl at this location, which is far greater than 400mbgl, the depth at 
which groundwater is generally defined as losing its value as a resource [Ref. 31]. 
 
6.2.4 Carboniferous Strata 
 
The Carboniferous strata underlying the Site is greater than 2,000m in thickness. The Carboniferous strata may 
have the potential to form aquifers containing groundwater at other locations in the region, however the strata at 
the Site is present at a depth in excess of 1,650mbgl and will act predominantly as Unproductive strata at this 
depth/location. 
 
There is unlikely to be any active recharge to any of the Carboniferous formations and water that is present is 
likely to be saline formation water (see Section 6.4.4). In line with UKTAG guidance [Ref. 31], these formations are 
likely to contain formation water with no resource value and can be considered ‘permanently unsuitable’. 
 
6.3 Faulting 
 
Faults can act as barriers or conduits for groundwater flow and are therefore an important consideration for the 
development of a hydrogeological conceptual model and the potential for hydraulic connectivity between 
geological strata. 
 
Migration from source rocks either in the East Irish Sea Basin [Ref. 34] or the onshore subcrop of Namurian shales 
[Ref. 1] has been suggested as the source of oil in the Formby Oilfield. The Formby Oilfield, with reservoirs 
principally in the Triassic sandstones of the Sherwood Sandstone Group and the overlying Tarporley Siltstone 
Formation, is a small tilted fault block structure with initial cross fault seal against shales of the Mercia Mudstone 
Group. The surface seepage that characterises the Formby Oilfield is a result of presumed Early Tertiary uplift and 
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erosion that brought the structure close to the surface at which point the sealing capacity of the bounding fault 
was compromised resulting in some upward leakage of hydrocarbons which continues today. 
 
Faults in the area, at the near surface, are transmissive of fluids vertically and probably also laterally where fault 
planes intersect. At depth however, it is expected that these faults will in most cases be sealing – as evidenced by 
the existence of numerous oil and gas accumulations in Triassic reservoirs in the adjacent East Irish Sea Basin. 
 
6.4 Water Quality 
 
6.4.1 Superficial Deposits 
 
As described in Section 1.1.2, oil seepage occurs at surface within the Formby Oilfield and the sands within the 
superficial deposits, including the Shirdley Hill Sand Formation, are classed as being reservoirs of the Formby 
Oilfield. However, oil has not been observed at surface or in the drains immediately surrounding the Site (Section 
2.4). Low background concentrations of hydrocarbons have been detected in surface soils at the Site and an oily 
sheen was noted on the groundwater in each of the exploratory holes drilled as part of the GI adjacent to the Site 
[Ref. 11], although the latter may relate to natural iridescence from the peat deposits. 
 
The groundwater within the superficial deposits is considered to be of mixed quality (depending on the 
composition of the strata – clay/silt/sand/peat) and may contain low concentrations of naturally occurring 
hydrocarbons. 
 
Water quality data is available from four of the EA monitoring locations targeting the superficial deposits 
described in Section 6.2.1. However, these boreholes target the Blown Sand and are located close to the coast, 
and therefore the water quality at these locations is not representative of the water quality in the superficial 
deposits at the Site. 
 
6.4.2 Mercia Mudstone Group 
 
Regionally the Mercia Mudstone Group contains sulphate deposits (gypsum and anhydrite), which occur 
throughout the unit as veins [Ref. 33]. The Altcar Borehole record (BGS record ref. SD30NW108) describes the 
marl as being ‘separated with thin laminae and the surfaces often being covered with pseudomorphic crystals of 
chloride of sodium, being most numerous in the middle and lower beds’. There were also ‘many seams of 
gypsum’. The Formby-G1 record (BGS record ref. SD30NW42) identifies ‘fine silt and fine sandstone with salt 
pseudomorphs, gypsum and pyrites locally’ within the Tarporley Siltstone Formation. 
 
The groundwater within the Mercia Mudstone Group is therefore likely to contain elevated concentrations of 
sulphate, sodium, chloride and hydrocarbons; as noted by the Environment Agency in the comments they have 
provided to the MPA as part of the Scoping Opinion for the application. 
 
There are no EA groundwater quality monitoring locations targeting the Mercia Mudstone within 5km of the Site. 
 
6.4.3 Permo-Triassic Sandstones 
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The chemistry of the Permo-Triassic sandstone groundwater is mainly controlled by natural reactions between 
the groundwater and bedrock. Dissolution of cements, mainly calcite and dolomite strongly influence the major-
element composition of most groundwater. At depth, the groundwater is highly mineralised and may be two to 
three times the salinity of seawater. These brines are present in parts of the Sherwood Sandstone that are 
consequently not used as an aquifer for potable supply [Ref. 35]. 

Water quality data is available for the EA monitoring location at Blundell House Pumping Station described in 
Section 6.2.3. This pumping station abstracts groundwater from the Sherwood Sandstone where it subcrops 
beneath the superficial deposits and is therefore at a much shallower depth than the Sherwood Sandstone 
beneath the Site. The groundwater at Blundell House is not highly mineralised but has elevated concentrations of 
iron (~5,000µg/l), manganese (~600µg/l) and arsenic (~30µg/l). 

At the Site, the top of the Sherwood Sandstone Group is in excess of 300mbgl and therefore the majority of the 
aquifer is greater than 400mbgl, the depth at which groundwater is generally defined as losing its value as a 
resource [Ref. 31]. The groundwater in the Sherwood Sandstone beneath the Site is likely to be highly mineralised 
with elevated salinity and has the potential to contain hydrocarbons. 

It should be noted that, based on the regional hydraulic gradient to the west, and the depth of the Permo Triassic 
strata at the Site, there is no driving head to connect poor quality water within the Permo-Triassic sandstones at 
the Site with fresh, recent-recharge water in the Permo-Triassic sandstones subcropping beneath the superficial 
deposits east of the Site, which are targeted by the United Utilities public water supply at Blundell House Pumping 
Station. 

6.4.4 Carboniferous Strata 

The depth of the Carboniferous strata in this location combined with the absence of active recharge means that 
any water contained within the Carboniferous is likely to be formation water with a high salinity. The formation 
waters are also likely to contain hydrocarbons. The nearby Formby-4 well flowed traces of oil and gas, and 
formation water with a salinity in excess of 200,000 ppm from a depth of 864m within the Millstone Grit.  As such, 
the Carboniferous strata are not considered to contain groundwater with a resource value and instead contain 
formation water that is ‘permanently unsuitable’ for potable or other uses. 

6.5 Conceptual Hydrogeological Model 

Based on the preceding data review, a hydrogeological conceptual model for the Site has been developed and is 
presented on Figures 6a and 6b. The model is based on grouping geological formations with similar 
hydrogeological and hydrochemical properties into ‘hydrostratigraphic’ units.  

There are four hydrostratigraphic units – namely: 

• The Superficial Deposits above the Glacial Till (Layer 1)
• The Glacial Till and Sidmouth Mudstone Formation (Layer 2)
• The Tarporley Siltstone Formation and underlying Permo-Triassic Sandstones (Layer 3)
• The Carboniferous strata (Layer 4)
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Hydraulic properties of the layers have been defined by literature search, but broadly: 
 

• Layer 1 contains groundwater with a resource value. Recharge to this layer is via direct infiltration of 
rainfall at surface and downwards leakage. 

• Layer 2 is poorly permeable (very low hydraulic conductivity). Layer 2 provides an ~250m barrier to 
prevent vertical movement of highly mineralised/saline and formation waters from Layers 3 and 4 into 
Layer 1. 

• Layer 3 has useful hydraulic conductivity and storage but contains water that is highly mineralised with 
an elevated salinity at this location. There is no active recharge to this layer and water is likely to have 
limited/no resource value. 

• Layer 4 has limited hydraulic conductivity and limited storage. Water bearing formations contain 
hydrocarbons and highly mineralised formation water with no resource value; that are permanently 
unsuitable for other uses. There is no active recharge to this layer. 

Within the conceptual model, there is no driving head to connect poor quality water within the Permo-Triassic 
sandstones present at depth at the Site with fresh water in the Permo-Triassic sandstones subcropping beneath 
the superficial deposits east of the Site, which are targeted by the United Utilities public water supply at Blundell 
House Pumping Station. 
 
7 ENVIRONMENTAL SETTING 
 
The environmental setting has been characterised within a ~2km search radius of the Site using data from the 
Environment Agency, Sefton Metropolitan Borough Council, West Lancashire Borough Council, Natural England 
and the BGS. The features described in the following sub sections are presented on Figures 7a/b and Figures 8a/b. 
 
7.1 Surface Water Features 
 
Surface water features within 2km of the Site have been identified from 1:25,000 Ordnance Survey mapping and 
verified during the walkover survey on 12 April 2018 and are summarised in Table 5. 
 
Table 5  Surface Water Features 
 
Reference 
on Figures 
7a & 7b 

Name 
Distance 
from Site 
(km) 

Approx. 
Elevation 
(mAOD) 

Description 

A New Cut 0.1 2 Drainage system located north of the Site pumped in to 
Cheshire Lines Brook. Receives water from field drainage 
system north of feature. Located on superficial deposits. 

B Cheshire 
Lines Brook 

0.6 3 Man-made drainage system located east of the Site pumped 
in to Downholland Brook. Receives water from field 
drainage system north and east of feature, as well as 
receiving water pumped from New Cut and associated 
drainage system. Located on superficial deposits. 

C Fine Jane 
Brook 

1.3 4 Drainage system located north of the Site draining in to 
Downholland Brook. Located on superficial deposits. 

D Downholland 
Brook 

1.4 4 Drainage system located north and west of the Site draining 
in to the River Alt. Located on superficial deposits. 
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Reference 
on Figures 
7a & 7b 

Name 
Distance 
from Site 
(km) 

Approx. 
Elevation 
(mAOD) 

Description 

E Chisnall 
Brook 

1.5 4 Drainage system located northeast of the Site draining in to 
Downholland Brook. Located on superficial deposits. 

F Barton Brook 1.7 4 Drainage system located northeast of the Site draining in to 
Downholland Brook. Located on superficial deposits. 

G Unnamed 
pond 

1.9 5 Pond located northeast of the Site. Located on superficial 
deposits. 

7.2 Protected Rights 

7.2.1 Licensed Abstractions 

Environment Agency records indicate there are four licensed abstractions within a 2km radius of the Site. All 
licences are for abstraction of surface water, with all of the licences abstracting from a reach; the reaches being 
along Downholland Brook, Chisnall Brook, Barton Brook and Mere Brook. All the licences are associated with 
agricultural use (spray irrigation). The locations of the abstractions are shown on Figures 7a and 7b and the 
licence details are summarised in Table C1 in Appendix C. 

Five groundwater abstraction licences are present within a 5km radius of the Site: 

• The closest of the groundwater abstraction licences is located approximately 2.5km northwest of the Site 
at Formby Hall and is associated with agricultural use (spray irrigation).

• Three groundwater abstraction licences located approximately 4km to the west of the Site are associated
with golf complexes (spray irrigation).

• The fifth groundwater abstraction licence to the east of the Site is associated with a United Utilities public
water supply at Blundell House Pumping Station approximately 4.5km east of the Site.

Based on the information available from the Environment Agency, the geological setting, known water uses and 
available BGS records:  

• The public water supply abstracts water from boreholes targeting the Sherwood Sandstone Group
(Helsby Sandstone Formation) where it is present much closer to surface than at the Site.

• The golf complexes abstract water from catchpits/wells targeting the superficial blown sands deposit and
Formby Hall abstracts water from a ‘groundwater fed pond’ (located on the superficial blown sands
deposit). Consequently, there is no plausible connection between the Site and these abstractors.

The locations of the groundwater abstractions are shown on Figures 8a and 8b and the licence details are 
summarised in Table C4 in Appendix C. 

7.2.2 Deregulated Licences 

Environment Agency records indicate that there are no deregulated abstractions within a 2km radius of the Site. 
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7.3 Private Water Supplies (PWS) 
 
A search of Sefton Metropolitan Borough Council and West Lancashire Borough Council registers of PWS has 
been undertaken, which has identified no recorded PWS within a 2km radius of the Site. 
 
It is recognised that the local authority’s registers of PWS may be incomplete. Based on a review of Ordnance 
Survey data there are two outlying properties within a 2km radius where PWS could be present; the locations of 
which are presented on Figure 7a and 7b and details summarised in Table C2 in Appendix C. The closest of these 
potential supplies is Formby Farm, approximately 1km west (upgradient) of the Site that could provide water for 
agricultural use. 
 
7.4 BGS Records 
 
A search of the BGS boreholes and wells online database has been undertaken, which has identified ninety-two 
borehole records within a 2km radius of the Site. All the reviewed records relate to boreholes investigating either 
the Superficial Deposits, Mercia Mudstone Group, Sherwood Sandstone Group or Bowland High Group. The 
majority of the reviewed records are associated with oil and gas exploration, with none of the records relating to 
water wells. 
 
The closest of the borehole records, the Altcar Borehole (BGS record ref. SD30NW108), a brine exploration 
borehole drilled in the 1890’s, is located approximately 70m north of the Site. The borehole is 333m deep and 
was terminated in the Sherwood Sandstone Group. The deepest borehole, the Formby-1 exploration borehole 
(BGS record ref. SD30NW22), is located approximately 1km northwest of the Site, drilled to a depth of 2,340m 
and terminating in the Lower Bowland Shale Formation. 
 
The locations of the borehole records are presented on Figures 7a and 7b. 
 
7.5 Sites of Special Interest 
 
A search of Natural England’s MAGiC database has been undertaken, which has identified no groundwater 
dependent Sites of Special Scientific Interest (SSSI), Special Areas of Conservation (SAC), Ramsar or other 
designated areas within a 2km radius of the Site. 
 
Downholland Moss SSSI is located approximately 100m north of the Site. The area has been designated a SSSI due 
to its geological significance, giving insight in to sea-level changes from 8,000 to 4,000 years ago. The SSSI is 
designated due to its geological significance, is not water dependent and is therefore not considered as a receptor 
in this assessment. The location of Downholland Moss SSSI is presented in Figures 7a and 7b. 
 
The closest Groundwater Dependent Terrestrial Ecosystems (GWDTEs) are more than 3.5km to the west of the 
Site, comprising the Ribble & Alt Estuaries (Ramsar), Sefton Coast (SAC/SSSI), and Ainsdale Sand Dunes (NNR). It is 
likely that these designated features contain GWDTEs due to their proximity to the coast and shallow 
groundwater in the area of the Site. The locations of the designated areas are presented in Figures 8a and 8b. 
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7.6 Source Protection Zones (SPZs) 
 
SPZs are used as a general level of protection for all drinking water sources, identifying those areas where the 
potential risk associated with any potential groundwater contamination is greatest. 
 
Data obtained from the Environment Agency indicates that the Site does not lie within a defined SPZ and there 
are no SPZs within 2km of the Site. The closest SPZ is associated with the public water supply at Blundell House 
Pumping Station (Section 7.2.1), with Zone 3 (Total Catchment) being approximately 2.5km east of the Site at its 
closest. 
 
A default circular source protection zone with a radius of 50m is applied to all other groundwater abstractions 
intended for human consumption. However, there are no abstractions within 50m of the Site. 
 
7.7 Nitrate Vulnerable Zones (NVZs) 
 
NVZs are areas designated as being at risk from agricultural nitrate pollution.  They include about 58% of land in 
England.  An NVZ may be designated for a surface water catchment or groundwater catchment.  There are legal 
requirements for the management of land which falls inside an NVZ relating to the application of nitrate-based 
fertilisers and storage of organic manures.   
 
The Site and surrounding 2km search radius lies within a surface water catchment NVZ. There are no groundwater 
catchment NVZ’s at or within close proximity of the Site. 
 
The NVZ designation is presented in Figures 8a and 8b. 
 
7.8 Discharge Permits 
 
Discharge of effluent from domestic or industrial sources have the potential to introduce contaminants in to the 
groundwater system which may migrate towards the Site, or close to it, and beyond.   
 
Information on discharge permits within a 2km radius of the Site has been obtained from the Environment 
Agency. The locations of which are presented on Figures 7a and 7b and their details are summarised in Table C3 in 
Appendix C. 
 
There are 8 discharge permits within a 2km radius of the Site. The closest permitted discharge is located 
approximately 1.3km north of the Site at the Fine Jane Depot. The permit allows for the discharge of unspecified 
sewage discharges from Fine Jane Depot in to Fine Jane Brook which flows in to Downholland Brook 
approximately 1.2km north of the Site. 
 
7.9 Landfills and Pollution Events 
 
Landfills and pollution incidents or events have the potential to introduce contaminants in to the groundwater 
system and which may migrate towards the Site, or close to it, and beyond. Information on historic and active 
landfills, and recorded pollution events within a 2km radius of the Site has been obtained from the Environment 
Agency, the locations of which are presented on Figures 7a and 7b.   
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The closest landfill within a 2km radius of the Site is located 1.4km north of the Site and is a historic landfill 
associated with the former Merseyside County Council and Formby Urban District Council Tip.  The former tip is 
across-hydraulic gradient and is understood to have accepted commercial, household, liquids and sludges, and 
other unspecified special wastes up to January 1980. There is one other historic landfill within a 2km radius of the 
Site located 2km southeast at New Hill House Farm. Limited information exists for this historic landfill, only that 
the Site is inert. 

There is one pollution event recorded within a 2km radius of the Site, located approximately 100m west in a field 
adjacent to the Site. However, the accuracy of the recorded position is to 100m and therefore is likely to relate to 
the New Cut or an unnamed drainage ditch. The pollution incident was recorded on 01/07/1992 and as being a 
Category 3 (Minor Incident) and involved sewage sludge impacting on a tributary of the River Alt. 

7.10 Summary 

The environmental searches validate the conceptual model presented in Section 6.5. Local groundwater and 
surface water features are dependent on shallow groundwater within the superficial deposits. No local features 
are supported from groundwater originating from deeper formations. 

The public water supply located approximately 4.5km east of the Site at Blundell House Pumping Station abstracts 
water from the Sherwood Sandstone Group (Helsby Sandstone Formation) where it subcrops beneath the 
superficial deposits. The pumping station is located within the middle of a faulted block being approximately 
1.8km east of the Croxteth Fault and approximately 1.5km west of the Halsall Fault. Within the conceptual model, 
there is no driving head to connect poor quality water within the Permo-Triassic sandstones present at depth at 
the Site with fresh water in the Permo-Triassic sandstones subcropping beneath the superficial deposits east of 
the Site, which are targeted by the United Utilities public water supply at Blundell House Pumping Station. 

8 HYDROGEOLOGICAL RISK ASSESSMENT 

8.1 Assessment Methodology 

A HRA for the proposed activities has been carried out with reference to the Source-Pathway-Receptor (S-P-R) 
approach described in GL III [Ref. 4] and the methodology in the Environment Agency’s technical guidance [Ref. 
6]. The basis of the risk assessment method is the selection of an appropriate level of detail for the assessment. 
Ref. 6 proposes three levels of details or Tiers from Tier 1 to Tier 3, where Tier 1 is qualitative and Tier 3 is highly 
quantitative. The selection of the appropriate tier requires an iterative approach based on an initial assessment 
and consideration of the outcome using a Tier 1 system. If that approach shows that the system is too complex or 
outcomes cannot be fully mitigated then a more detailed or quantitative approach would be warranted. 

The construction and restoration of sites and the construction, testing and decommissioning of oil and gas wells is 
well understood. There is good understanding of the geology, hydrology and hydrogeology. Mitigation measures 
are clearly defined, tested and known to work. Therefore, a semi-qualitative (Tier 1/2) assessment is considered 
to be appropriate to assess the risks associated with the Proposed Development. 

The assessment method, scoring and risk calculation is presented in Appendix D. 
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8.2 Hazard Identification and S-P-R Linkages 
 
The hazards associated with the Proposed Development, and potential S-P-R linkages are presented in Table 6. 
The hazards associated with the Proposed Development include: 
 

1. Flushing of contaminated soils during site construction and restoration (before the geotextile and HDPE 
liner is in place or after it is removed). 

2. Spillage of fuels and lubricants used by plant and equipment required to carry out the construction and 
operational activities associated with the development. 

3. Creation of vertical pathways during construction of well cellars, groundwater monitoring boreholes and 
underground storage tanks. 

4. Loss of drilling muds, additives, cement grout and well treatment fluids during drilling operations. 
5. Spillage/leakage of recovered hydrocarbons, produced water and chemicals stored at or transported 

to/from the Site. 
6. Migration of natural gases, hydrocarbons and produced water containing NORM from deep formations. 
7. Well casing failure and leakage of well treatment fluids, natural gases, hydrocarbons and produced 

containing NORM water from the wellbore. 
8. Spillage/leakage of foul water and sewage from staff facilities. 

 
These hazards at the Site have the potential to impact upon the following receptors: 
 

• The local surface water (field) drainage system adjacent to the Site. 
• Licensed surface water abstractions, which abstract water from the drainage system surrounding the 

Site. 
• Superficial deposits aquifer, which provides baseflow to the surface water drainage system. 
• Mercia Mudstone Group (Secondary aquifer) 
• Permo-Triassic sandstones (Principal Aquifer). At the Site the aquifer is likely to contain poor quality 

groundwater as a result of its depth at this location 
• Potential (unrecorded) private water supplies (PWS) targeting the superficial deposits and Mercia 

Mudstone Group (Secondary aquifers) 
• Public Water Supply at Blundell House targeting the Sherwood Sandstone Group (Principal aquifer) 
• Ribble & Alt Estuaries (Ramsar), Sefton Coast (SAC/SSSI), and Ainsdale Sand Dunes (NNR) 
• Groundwater bearing strata in the Carboniferous with no resource value. 

 
As described in Section 7.5, Downholland Moss SSSI is designated due to its geological significance, is not water 
dependent and is therefore not considered as a receptor in this assessment. 
 
S-P-R linkages have been assessed based on the preceding hydrogeological conceptual model. Table 6 shows that 
there are potential pollutant linkages with all the above receptors. Where pathways are not considered to exist, 
these have been justified in Table 6. 
 
8.3 Risk Assessment Summary 
 
A risk assessment has been carried out based on the identified hazards following the principles described in the 
methodology presented in Appendix D and a summary is presented in Table 6. 
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As described in the sub-sections below, the risk assessment considers the significance of a hazard occurring, 
based on receptor sensitivity, magnitude of impact, and the likelihood of a hazard occurring. The likelihood of a 
hazard occurring has been assigned taking account of the embedded mitigation within the Proposed 
Development. The resulting risk can, in some cases, be further mitigated to reduce the residual risk further. 
 
8.3.1 Receptor Sensitivity 
 
Receptor sensitivity has been assigned with reference to Table 1 in Appendix D. It follows that: 
 

• The surface water drainage system, licensed surface water abstractions, superficial deposits and Mercia 
Mudstone Group have a medium sensitivity. This is based on the superficial deposits having a resource 
value locally (even though classed as Unproductive) and the Mercia Mudstone being a Secondary aquifer.  

• The Permo-Triassic sandstone aquifer is assigned a high sensitivity owing to its Principal aquifer 
designation and regional significance as a source of drinking water. This is a conservative assessment 
because the sandstone beneath the Site is not exploited for drinking water due to relatively poor water 
quality at this location. However, the classification takes account of the aquifer’s Principal designation 
and exploitation for public and private water supplies regionally. 

• The licensed groundwater abstractions at Formby Hall and golf complexes, and potential (unrecorded) 
PWS targeting the superficial deposits and Mercia Mudstone Group (Secondary aquifers) are assigned a 
medium sensitivity. 

• The groundwater bearing strata in the Carboniferous are assigned a low sensitivity on account of them 
having no resource value. 

 
8.3.2 Magnitude of Impact 
 
Magnitude of Impact has been assigned with reference to Table 2 in Appendix D. It follows that: 
 

• The magnitude of impact to the surface water drainage system, licensed surface water abstractions, 
superficial deposits, Mercia Mudstone Group and Permo-Triassic sandstone aquifer is low on account 
that there would be a minor change in the attributes to these features if the identified hazards were to 
occur. An impact to these features might be measurable but would not result in a significant reduction in 
quality, or a change in their designations or status.  

• The magnitude of impact to the Ribble & Alt Estuaries (Ramsar), Sefton Coast (SAC/SSSI), and Ainsdale 
Sand Dunes (NNR) is high, reflecting the national/international designations of these sites. 

• The magnitude of impact to the Public Water Supply at Blundell House is also classed as high because this 
source is providing a potable water supply for a large population.  However, the magnitude of impact to 
the licensed groundwater abstractions at Formby Hall and golf complexes, and potential PWS, is classed 
as medium because these sources are likely to be providing water for irrigation rather than potable 
purposes. 

• The magnitude of impact to the water bearing strata in the Carboniferous is classed as very low because 
water from these formations is not exploited locally and is likely to be of very poor quality with no 
resource value and permanently unsuitable for other uses. 
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8.3.3 Preliminary Significance of Effect 

The Preliminary Significance of Effect has been assigned with reference to Table 3 in Appendix D. It follows that 
there are potentially: 

• Minor effects to the surface water drainage system, licensed surface water abstractions, superficial
deposits and the Mercia Mudstone Group;

• Moderate effects to the Permo-Triassic sandstone aquifer;
• Major effects to the Ribble & Alt Estuaries (Ramsar), Sefton Coast (SAC/SSSI), and Ainsdale Sand Dunes

(NNR);
• Major effects to the Public Water Supply at Blundell House;
• Moderate effects to any potential PWS targeting superficial deposits and the Mercia Mudstone Group;

and
• Negligible effects to the water bearing formations in the Carboniferous strata.

8.3.4 Embedded Mitigation

Each Phase of the Proposed Development incorporates specific mitigation features designed to either break the 
pathway between potential sources of pollution and receptors and/or reduce the likelihood of occurrence of 
hazards occurring. These mitigation features are summarised in Table 7. 

The mitigation measures are presented in the context that: 

1. Each phase of the Proposed Development will be carefully planned. Detailed designs for construction
works will be prepared by competent consultant engineers and construction works will be supervised by
an experienced construction manager. 

2. All works will be undertaken in accordance with an Environmental Management Plan.
3. An environmental permit will be required from the Environment Agency prior to the commencement of

operational activities at the Site. This will ensure that there are strict controls in place for the drilling,
hydraulic fracturing and testing of the wells. Detailed descriptions of these aspects of the Proposed
Development will be submitted to the Environment Agency as part of the environmental permitting
process.
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Table 6 Risk Assessment Summary 

Ph
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e 
1 

- 

Ph
as

e 
2 

- 

Ph
as

e 
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- 

Ph
as

e 
4 

- 

Ph
as

e 
5 

- 

Ph
as

e 
6 

- 

Ph
as

e 
7 

- 

Ph
as

e 
8 

- 

SW drainage system Y Medium Low Minor Moderate Very Low Unlikely None

Licensed surface water abstractions Y Medium Low Minor Moderate Very Low Unlikely None

Superficial Deposits (Unproductive) Y Medium Low Minor Moderate Very Low Unlikely None

Mercia Mudstone Group (Secondary aquifer) N

Permo-Triassic Sandstones (Principal aquifer) N

Potential PWS targetting superficial deposits or 
the Mercia Mudstone 

N

Public Water Supply at Blundell House N

Ribble & Alt Estuaries (Ramsar), Sefton Coast 
(SAC/SSSI), and Ainsdale Sand Dunes (NNR)

N

Groundwater bearing strata in the Carboniferous 
(no resource value)

N

SW drainage system Y Medium Low Minor Moderate Very Low Unlikely None

Licensed surface water abstractions Y Medium Low Minor Moderate Very Low Unlikely None

Superficial Deposits (Unproductive) Y Medium Low Minor Moderate Very Low Unlikely None

Mercia Mudstone Group (Secondary aquifer) Y Medium Low Minor Unlikely None Very Unlikely None

Permo-Triassic Sandstones (Principal aquifer) N

Potential PWS targetting superficial deposits or 
the Mercia Mudstone 

N

Public Water Supply at Blundell House N

Ribble & Alt Estuaries (Ramsar), Sefton Coast 
(SAC/SSSI), and Ainsdale Sand Dunes (NNR)

N

Groundwater bearing strata in the Carboniferous 
(no resource value)

N

The local surface water (field) drainage system will intercept/prevent surface water runoff or shallow 
groundwater migrating to these receptors. Effectively, these receptors are upgradient of the Site 
activites.

Approximately 300m of low permeability Mercia Mudstone provides a hydraulic break between 
shallow groundwater and the Permo-Triassic Sandstones.

Hazard Source (S) Pathway (P) Receptors (R) Residual Risk

Runoff to surface 
waters; downwards 

leakage through 
liner and 

underlying 
soils/rock

S-P-R 
Linkage

Phases

Additional Mitigation

Creation of vertical 
pathways through 

construction of 
drilling cellar, 

underground water 
storage tank, 
groundwater 
monitoring 
boreholes, 

conductor casing

Likelihood of 
Occurrence After 

Additional 
Mitigation

Receptor 
Sensitivity

Magnitude of 
Impact

Preliminary 
Significance of 

Effect 

Likelihood of 
Occurrence

Risk Analysis 
(with embedded 

mitigation)

A layer of low permeability glacial Till at the base of the superficial deposits provides a hydraulic break 
between shallow groundwater and the Mercia Mudstone.

Approximately 300m of low permeability Mercia Mudstone provides a hydraulic break between 
shallow groundwater and the Permo-Triassic Sandstones.

The local surface water (field) drainage system will intercept/prevent surface water runoff or shallow 
groundwater migrating to these receptors. Effectively, these receptors are upgradient of the Site 
activites.

Approximately 300m of low permeability Mercia Mudstone provides a hydraulic break between 
shallow groundwater and the Permo-Triassic Sandstones.Mobilisation of 

contaminated soils

Made ground and 
contaminated soils 

and shallow 
groundwater at the 

Site

Earthworks and excavations will not be 
carried out during heavy rainfall. 

Temporary bunds formed to prevent 
uncontrolled runoff to surface water. 

X X

Approximately 300m of low permeability Mercia Mudstone provides a hydraulic break between 
shallow groundwater and the Permo-Triassic Sandstones.
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e 
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e 
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Ph
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e 
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SW drainage system Y Medium Low Minor Unlikely None Very Unlikely None

Licensed surface water abstractions Y Medium Low Minor Unlikely None Very Unlikely None

Superficial Deposits (Unproductive) Y Medium Low Minor Unlikely None Very Unlikely None

Mercia Mudstone Group (Secondary aquifer) N

Permo-Triassic Sandstones (Principal aquifer) N

Licensed groundwater abstractions at Formby Hall 
and golf complexes; potential PWS

N

Public Water Supply at Blundell House N

Ribble & Alt Estuaries (Ramsar), Sefton Coast 
(SAC/SSSI), and Ainsdale Sand Dunes (NNR)

N

Groundwater bearing strata in the Carboniferous 
(no resource value)

N

SW drainage system Y Medium Low Minor Very Unlikely None Very Unlikely None

Licensed surface water abstractions Y Medium Low Minor Very Unlikely None Very Unlikely None

Superficial Deposits (Unproductive) Y Medium Low Minor Very Unlikely None Very Unlikely None

Mercia Mudstone Group (Secondary aquifer) N

Permo-Triassic Sandstones (Principal aquifer) N

Potential PWS targetting superficial deposits or 
the Mercia Mudstone 

N

Public Water Supply at Blundell House N

Ribble & Alt Estuaries (Ramsar), Sefton Coast 
(SAC/SSSI), and Ainsdale Sand Dunes (NNR)

N

Groundwater bearing strata in the Carboniferous 
(no resource value)

N

Residual RiskReceptors (R)
S-P-R 

Linkage
Receptor 

Sensitivity
Magnitude of 

Impact

Preliminary 
Significance of 

Effect 

Likelihood of 
Occurrence

Risk Analysis 
(with embedded 

mitigation)
Additional Mitigation

Likelihood of 
Occurrence After 

Additional 
Mitigation

A layer of low permeability glacial Till at the base of the superficial deposits provides a hydraulic break 
between shallow groundwater and the Mercia Mudstone.

Approximately 300m of low permeability Mercia Mudstone provides a hydraulic break between 
shallow groundwater and the Permo-Triassic Sandstones.

The local surface water (field) drainage system will intercept/prevent surface water runoff or shallow 
groundwater migrating to these receptors. Effectively, these receptors are upgradient of the Site 
activites.

Approximately 300m of low permeability Mercia Mudstone provides a hydraulic break between 
shallow groundwater and the Permo-Triassic Sandstones.

A layer of low permeability glacial Till at the base of the superficial deposits provides a hydraulic break 
between shallow groundwater and the Mercia Mudstone.

Approximately 300m of low permeability Mercia Mudstone provides a hydraulic break between 
shallow groundwater and the Permo-Triassic Sandstones.

X

X

Plant and 
machinery

Runoff to surface 
waters; downwards 

leakage through 
liner and 

underlying 
soils/rock

X

Plant and equipment will be regularly 
inspected for leakage. Spill kits will be 

available on site to deal with any 
unexpected spills

Phases

Source (S) Pathway (P)

Welfare facilities at 
the Site

Runoff to surface 
waters; downwards 

leakage through 
liner and 

underlying 
soils/rock

N/A - embedded mitigation already 
provides the highest possible mitigation

X X

The local surface water (field) drainage system will intercept/prevent surface water runoff or shallow 
groundwater migrating to these receptors. Effectively, these receptors are upgradient of the Site 
activites.

Approximately 300m of low permeability Mercia Mudstone provides a hydraulic break between 
shallow groundwater and the Permo-Triassic Sandstones.

Leakage of domestic 
sewage and waste water 

from welfare facilities 
X X X X

Spillage of fuels and 
lubricants and other 

materials

X

Hazard 
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SW drainage system N Unlikely

Licensed surface water abstractions N Unlikely

Superficial Deposits (Unproductive) N Unlikely

Mercia Mudstone Group (Secondary aquifer) Y High Low Moderate Unlikely Very Low Very Unlikely None

Permo-Triassic Sandstones (Principal aquifer) Y High Low Moderate Moderate Low Unlikely Very Low

Potential PWS targetting superficial deposits or 
the Mercia Mudstone 

Y Medium Medium Moderate Very Unlikely None Very Unlikely None

Public Water Supply at Blundell House N

Ribble & Alt Estuaries (Ramsar), Sefton Coast 
(SAC/SSSI), and Ainsdale Sand Dunes (NNR)

N

Groundwater bearing strata in the Carboniferous 
(no resource value)

Y Low Very Low Negligible Likely Very Low Moderate None

SW drainage system Y Medium Low Minor Unlikely None Very Unlikely None

Licensed surface water abstractions Y Medium Low Minor Unlikely None Very Unlikely None

Superficial Deposits (Unproductive) Y Medium Low Minor Unlikely None Very Unlikely None

Mercia Mudstone Group (Secondary aquifer) N

Permo-Triassic Sandstones (Principal aquifer) N

Potential PWS targetting superficial deposits or 
the Mercia Mudstone 

N

Public Water Supply at Blundell House N

Ribble & Alt Estuaries (Ramsar), Sefton Coast 
(SAC/SSSI), and Ainsdale Sand Dunes (NNR)

N

Groundwater bearing strata in the Carboniferous 
(no resource value)

N

A layer of low permeability glacial Till at the base of the superficial deposits provides a hydraulic break 
between shallow groundwater and the Mercia Mudstone.

Approximately 300m of low permeability Mercia Mudstone provides a hydraulic break between 
shallow groundwater and the Permo-Triassic Sandstones.

The local surface water (field) drainage system will intercept/prevent surface water runoff or shallow 
groundwater migrating to these receptors. Effectively, these receptors are upgradient of the Site 
activites.

Approximately 300m of low permeability Mercia Mudstone provides a hydraulic break between 
shallow groundwater and the Permo-Triassic Sandstones.

Risk Analysis 
(with embedded 

mitigation)
Additional Mitigation

Likelihood of 
Occurrence After 

Additional 
Mitigation

Residual Risk
S-P-R 

Linkage
Receptor 

Sensitivity
Magnitude of 

Impact

Preliminary 
Significance of 

Effect 

Likelihood of 
OccurrenceHazard 

X X

Phases

Source (S) Pathway (P) Receptors (R)

X
Fluids used during 

drilling process

Migration from the 
wellbore into 

permeable 
formations; 

transmission along 
faults

Loss of drilling muds, 
additives and grout (after 

installation of the conductor 
casing)

X X

Leakage/spills of 
hydrocarbons, fuels, 

produced water containing 
NORM and other fluids 

stored on, or transported 
to/from, the wellsite

X X X
Storage tanks and 

pipework used 
during operations

Runoff to surface 
waters; downwards 

leakage through 
wellsite liner and 

underlying 
soils/rock

Drilling fluids will be thickened where 
necessary to prevent fluid losses

Plant and machniery and storage tanks 
will be regularly inspected for leakage. 

Spill kits will be available on site to deal 
with any unexpected leakage. Traffic 

management implemented to minimise 
potential for vehicle collisions 

X

The installation of the conductor casing breaks the pathway between these shallow receptors

There is no driving head for water within the Sherwood Sandstone at the site to move laterally and 
vertically towards the public water supply. The public water supply is upgradient of the Site.

The installation of the conductor casing breaks the pathway between these shallow receptors
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SW drainage system Y Medium Low Minor Very Unlikely None Very Unlikely None

Licensed surface water abstractions Y Medium Low Minor Very Unlikely None Very Unlikely None

Superficial Deposits (Unproductive) Y Medium Low Minor Very Unlikely None Very Unlikely None

Mercia Mudstone Group (Secondary aquifer) Y Medium Low Minor Very Unlikely None Very Unlikely None

Permo-Triassic Sandstones (Principal aquifer) Y High Low Moderate Unlikely Very Low Unlikely Very Low

Potential PWS targetting superficial deposits or 
the Mercia Mudstone 

Y Medium Medium Moderate Very Unlikely None Very Unlikely None

Public Water Supply at Blundell House Y Very High High Major Very Unlikely Very Low Very Unlikely Very Low

Ribble & Alt Estuaries (Ramsar), Sefton Coast 
(SAC/SSSI), and Ainsdale Sand Dunes (NNR)

Y Very High High Major Very Unlikely Very Low Very Unlikely Very Low

Groundwater bearing strata in the Carboniferous 
(no resource value)

Y Low Very Low Negligible Moderate None Moderate None

SW drainage system Y Medium Low Minor Very Unlikely None Moderate Very Low

Licensed surface water abstractions Y Medium Low Minor Very Unlikely None Very Unlikely None

Superficial Deposits (Unproductive) Y Medium Low Minor Very Unlikely None Very Unlikely None

Mercia Mudstone Group (Secondary aquifer) Y Medium Low Minor Very Unlikely None Very Unlikely None

Permo-Triassic Sandstones (Principal aquifer) Y High Low Moderate Very Unlikely None Very Unlikely None

Potential PWS targetting superficial deposits or 
the Mercia Mudstone 

Y Medium Medium Moderate Very Unlikely None Very Unlikely None

Public Water Supply at Blundell House Y Very High High Major Very Unlikely Very Low Very Unlikely Very Low

Ribble & Alt Estuaries (Ramsar), Sefton Coast 
(SAC/SSSI), and Ainsdale Sand Dunes (NNR)

Y Very High High Major Very Unlikely Very Low Very Unlikely Very Low

Groundwater bearing strata in the Carboniferous 
(no resource value)

Y Low Very Low Negligible Very Unlikely None Very Unlikely None

Likelihood of 
Occurrence After 

Additional 
Mitigation

Residual RiskHazard 

Phases

Source (S) Pathway (P) Receptors (R)
S-P-R 

Linkage
Receptor 

Sensitivity
Magnitude of 

Impact

Preliminary 
Significance of 

Effect 

Likelihood of 
Occurrence

Risk Analysis 
(with embedded 

mitigation)
Additional Mitigation

X

Migration of well 
treatment/stimulation 

fluids, gases and 
produced/formation water 
containing NORM from the 

wellbore; mixing with 
waters with a different 

chemistry

XXXX

N/A - embedded mitigation already 
provides the highest possible mitigation

X

N/A - embedded mitigation already 
provides the highest possible mitigation

Leakage through 
well casings and 

along anullii

Fluids injected into 
the wellbore; 

natural gases in the 
formation

Horizontal and 
vertical migration; 
transmission along 

faults
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Table 7 Embedded Mitigation 

Development Phase Embedded Mitigation 

Phase 1 - Construction The well site compound comprises a ‘sealed’ and ‘unsealed’ area. The sealed area will form the drilling platform for the exploratory borehole 
whilst the unsealed area will comprise hardstanding for offices and vehicles. 

The construction method does not involve significant excavation. Instead, granular material will be used to level the Site and the well site 
compound will be constructed above this. Earth bunds and a cut off land drain will be installed around the perimeter of the Site to prevent surface 
runoff to/from the Site.   

The sealed area of the Site will be constructed taking account of the methodologies for containment in CIRIA 736; using reinforced concrete and 
incorporates a very low permeability welded high density polyethylene (HDPE) liner. The HDPE liner has an extremely low permeability and it 
allows any fluid spillage on the sealed part of the Site to be cleaned up before it migrates downwards through the liner.  

The sealed area will be constructed with a containment kerb and subterranean drainage system to keep potentially contaminated runoff from the 
drilling platform separate from runoff generated from the unsealed area. A drilling cellar will be constructed from reinforced concrete, tied into the 
HDPE liner. The ground around the cellar will be piled to provide structural support. The excavation for the cellar will be approximately 5m in 
depth. The unsealed part of the Site will be constructed using a geotextile and compacted hardstanding above that will drain surface runoff to an 
open drainage channel that connects to an underground storage tank. 

Oil, fuel and chemicals will be stored in specific storage areas within the sealed part of the Site, in bunded containers with a capacity of at least 
110% capacity of the storage tanks to prevent spills and leaks entering the drainage system. Where more than one tank is situated in a single bund 
the bund volume would provide at least 25% of the aggregate tank contents. 

The Site has been designed to fully contain a 1:100 year (plus climate change) storm event. The pathway between the operational activities at the 
surface of the well site and water receptors is broken once the geotextile liner is in place. 

Clean runoff would be discharged to the surface water drainage system adjacent to the Site. Any water from the sealed area that is not suitable for 
discharge (e.g. during drilling and testing operations) would be contained and removed from the Site by tanker to an Environment Agency 
authorised treatment facility. 

Monitoring boreholes will be constructed within the unsealed part of the Site in accordance with Environment Agency good practice and BS EN 
ISO 5667. 

Welfare facilities will be self-contained and domestic sewage and waste water will be removed by tanker. 
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Development Phase Embedded Mitigation 

Phase 2 - Vertical 
Drilling 

Drilling will take place in accordance with The Offshore Installations and Wells (Design and Construction, etc.) Regulations (DCR) 1996 and The 
Borehole Sites and Operations Regulations (BSOR) 1995.  

The drilling works involve the installation of a series of cemented steel casings to a depth of 2000m TVD bgl, which provide migration of water 
between the different geological layers and prevent uncontrolled migration of fluids laterally from the wellbore. The integrity of each casing will be 
tested during the drilling programme. 

The installation of a conductor casing to a depth of 40m TVD bgl (into the Sidmouth Mudstone Formation) will be carried out using a conventional 
water well drilling rig and water-based muds. Deeper drilling will utilise an oil field drilling rig and would use either water or oil-based drilling 
muds depending on the stability of the borehole. The use of oil-based muds would be acceptable in this case given the very poor quality of the 
water contained in the geological formations at the Site. 

There will be no discharge of surface water from the sealed area of the Site during drilling operations. All runoff will be contained and tankered from the 
Site. 

Phase 3 - Horizontal 
Drilling 

Drilling will incorporate the same mitigation measures as Phase 2. 

Phase 4 - Hydraulic 
Fracturing 

Hydraulic fracturing would not extend beyond the formations in which the fracturing take place. All hydraulic fracture fluid additives will be non-
hazardous to groundwater and approved for use by the Environment Agency as part of the environmental permitting process.  

There will be no discharge of surface water from the sealed area of the Site during hydraulic fracturing operations. All runoff will be contained and 
tankered from the Site. 

Phase 5 - Flow Test Pipework and equipment used during flow testing would be bunded and regularly inspected for spills and leakage. There will be no discharge of surface 
water from the sealed area of the Site during testing operations. All runoff will be contained and tankered from the Site. 

Phase 6 - Extended 
Well Test 

As Phase 5. 

Phase 7 - 
Decommissioning and 
Borehole 
Abandonment 

The wells will be suspended in accordance with OGUK Guidelines for the Abandonment of Wells. 

There will be no discharge of surface water from the sealed area of the Site during these operations. All runoff will be contained and tankered from the Site. 

Phase 8 - Site 
Restoration and 
Aftercare 

All the surface equipment will be removed from the Site. Hardstanding materials would be removed and disposed of at an Environment Agency approved 
facility. 



Envireau Water 

Ref: 2357 Aurora Energy Resources Altcar Moss \ RPT – Altcar Moss HRA Page 39 of 45 

8.3.5 Likelihood of Occurrence 

The Likelihood of Occurrence has been considered with reference to Table 4 in Appendix D, taking account of the 
hydrogeological conceptual model, embedded mitigation summarised in Table 7 and reasonably assuming that 
the necessary environmental permit(s) will be obtained from the Environment Agency to authorise the activities 
associated with the Proposed Development.  

For each of the identified hazards, Table 6 shows that: 

Mobilisation of contaminated soils and spillage of fuels and lubricants and other materials 

There is a moderate likelihood that the surface water drainage system, licensed surface water abstractions and 
the superficial deposits aquifer will be affected by mobilisation of contaminated soils during the construction and 
decommissioning of the Site. It is unlikely that this hazard will affect the Mercia Mudstone Group. Once the HDPE 
liner is in place across the whole Site, and the drilling cellars conductor casing, underground structures and 
groundwater monitoring boreholes are installed, the pathway for contaminated surface water to infiltrate to the 
underlying soil/rock is effectively broken. Robust mitigation measures will be in place to prevent uncontrolled 
runoff or discharge of surface water into the drainage system during all phases of the development. 

It is considered unlikely that the same receptors will be affected by spillages of fuels and other fluids during the 
construction and decommissioning phases. This is because plant and machinery used at the well site will be fit for 
purpose and regularly maintained. Again, once the HDPE liner is in place across the whole Site, and the drilling 
cellar, conductor casing, underground structures and groundwater monitoring boreholes are installed, the 
pathway for contaminated surface water to infiltrate to the underlying soil/rock is effectively broken. 

Leakage of domestic sewage and waste water from welfare facilities 

It is very unlikely that the surface water drainage system, licensed surface water abstractions and the superficial 
deposits aquifer would be affected by leakage of domestic sewage because domestic waste water will be self-
contained, with no connection to the Site drainage system. All waste water will be removed by tanker from the 
Site under contract. An extreme set of circumstances would therefore be needed for wastewater to be 
accidentally discharged to the surface water system.  

Loss of drilling muds, additives and grout (after installation of the conductor casing) 

It is unlikely that there will be loss of drilling muds, additives and cement grouts to the Mercia Mudstone Group, 
due to the low permeability of the bedrock. There is however a moderate (equally likely/unlikely) likelihood of 
losses to the Permo-Triassic Sandstones aquifer. The likelihood of any losses impacting licensed groundwater 
abstractions at Formby Hall and golf complexes, and potential PWS, is considered very unlikely given the lateral 
and vertical separation distances between the Site and those receptors. It is considered likely that there could be 
some losses to the Carboniferous strata (the target formations) during drilling. 
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Leakage/spills of hydrocarbons, fuels, produced water containing NORM and other fluids stored on, or transported 
to/from, the well site 

During the exploratory operations, it is unlikely that the surface water drainage system, licensed surface water 
abstractions and the superficial deposits aquifer will be affected by leakage/spills of hydrocarbons, fuels, 
produced water containing NORM and other fluids stored on, or transported to/from, the well site.  This is 
because the very low permeability HDPE liner will be in place across the whole Site and robust mitigation 
measures will be in place to prevent uncontrolled runoff or discharge of surface water into the drainage system 
during all phases of the development. 

Migration of well treatment fluids, gases and produced/formation water containing NORM from the wellbore 
and/or production formations 

Based on the proposed well design and well management procedures, it is very unlikely that there will be any 
migration of fluids or gases from the wellbore into any of the formations penetrated by the production or 
injection wells as a result of a well casing failure.  

Some higher likelihoods are associated with horizontal and vertical migration and transmission along faults. Based 
on the current hydrogeological assessment, there is considered to be a moderate likelihood for migration within 
the Carboniferous Strata (the target formations), but it is either unlikely or very unlikely that migration would 
occur to overlying units/receptors. 

8.4 Risk Analysis 

A qualitative risk analysis has been carried out in accordance with Table 5 in Appendix D. This shows that: 

• There is a low risk to the Mercia Mudstone (Secondary aquifer) and the Permo-Triassic sandstone
(Principal aquifer) during the drilling operations at the Site. Risks include the loss of drilling fluids and
cement grout during drilling activities. The nature of the effect would be temporary adverse, and this risk
is considered not significant in EIA terms.

• Very low or no risks to identified receptors from other activities carried out during all phases of the
Proposed Development. These risks are considered not significant in EIA terms.

The risk analysis has been compared against the 3DGWV screening methodology developed by BGS and the EA 
[Ref. 36] to assess the vulnerability of water bearing formations (receptors) from conventional and 
unconventional hydrocarbon exploitation activities in the subsurface in England. The 3DGWV screening 
methodology spreadsheet has been used to make a vulnerability and risk assessment at a site scale. The risk 
calculation output is summarised in Table 8 and the full workbook is presented as Appendix E. 

Based on the BGS 3DGWV screening methodology spreadsheet, all the water bearing formations are considered 
to have a low risk, with the exception of the Sherwood Sandstone Group. Despite the poor quality of the water 
within the Sherwood Sandstone at the Site, it is classified as a Principal aquifer and therefore the lowest risk rating 
that can be assigned using the BGS methodology is a Medium/Low risk. Taking this into account, the output from 
the BGS corresponds well with the risk analysis presented in Table 6. This provides confidence in the risk 
assessment methodology used in this HRA. 
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Table 8 BGS Risk Calculation Output 

Geological Unit Receptor Classification 
Intrinsic 
Vulnerability Score 
(IntV) 

Specific 
Vulnerability Score 
(SpecV) 

Risk Group 

Superficial Deposits D 35 140 Low 
Mercia Mudstone 
Group 

B 44.5 178 Low 

Permo Triassic 
Sandstone (Sherwood 
Sandstone Group) 

A 46 184 Medium / Low 

Manchester Marls / 
Collyhurst Sandstone 

B 62 248 Low 

Millstone Grit Group D 59.5 476 Low 

8.4.1 Additional Mitigation 

As listed in Table 6, additional mitigation will be put in place to further reduce risk to the lowest levels practically 
possible. This includes: 

• Earthworks and excavations will not be carried out during heavy rainfall and temporary bunds will be
formed to prevent uncontrolled runoff to surface water.

• Drilling fluids will be thickened where necessary to prevent fluid losses in water bearing formations.
• Plant and machinery, and temporary/permanent storage tanks will be regularly inspected for leakage.

Spill kits will be available on-site to deal with any unexpected leakage.
• Traffic management will be implemented to minimise potential for vehicle collisions.

8.4.2 Residual Risk

As shown in Table 6, with the above mitigation measures in place, the residual risks for all the identified hazards 
reduce to either ‘very low’ or ‘none’. 

The findings of the risk assessment reflect the high level of embedded mitigation that is incorporated into the 
design of the well site and wells. Mitigation measures will be prescribed through the environmental permitting 
process and the effectiveness of the mitigation will be demonstrated through a scheme of groundwater and 
surface water monitoring that will be agreed with the Environment Agency as part of that process. A proposed 
scheme of monitoring is described in the GMP [Ref. 9]. 
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9 SUMMARY 

A hydrogeological conceptual model has been developed based on a detailed review of background information 
including the Site setting, local hydrology (surface water systems), geology and hydrogeology, to a depth of 
approximately 3,000m TVD. 

The hydrogeology of Altcar Moss is dominated by surface water and shallow groundwater within low 
permeability superficial deposits. Shallow groundwater within the superficial deposits is connected to and 
supports field drainage channels and is therefore considered to have a resource value locally. 

The Mercia Mudstone Group underlying the superficial deposits is predominantly argillaceous and essentially 
separates groundwater present in the superficial deposits from deeper, water bearing formations. 

Beneath the Mercia Mudstone Group, the top of the Permo-Triassic sandstones is in excess of 300mbgl and 
therefore the majority of the aquifer is greater than 400mbgl, the depth at which groundwater is generally 
defined by UKTAG as losing its value as a resource. At depth, the groundwater is highly mineralised and may be 
two to three times the salinity of seawater. 

The public water supply at Blundell House Pumping Station abstracts water from the Sherwood Sandstone Group 
(Helsby Sandstone Formation) where it subcrops beneath the superficial deposits. There is no driving head to 
connect poor quality water within the Permo-Triassic sandstones present at depth at the Site with fresh water in 
the Permo-Triassic sandstones subcropping beneath the superficial deposits east of the Site, which are targeted 
by the United Utilities public water supply at Blundell House Pumping Station. 

The deeper Carboniferous strata that underlies the Permo-Triassic sandstones is too deep to be considered an 
aquifer with a resource value at this location. 

Faults in the area, at the near surface, are transmissive of fluids vertically and probably also laterally where fault 
planes intersect. At depth, it is expected that these faults will in most cases be sealing – as evidenced by the 
existence of numerous oil and gas accumulations in Triassic reservoirs in the adjacent East Irish Sea Basin. 

Using the conceptual model, a HRA has been carried out taking account of the Environment Agency’s technical 
guidance which examines the risk to a wide range of receptors. The risk assessment shows that with the 
embedded and additional mitigation measures in place, the residual risk for all the identified hazards reduces to 
either ‘very low’ or ‘none’. The findings of the HRA are a result of the very high level of embedded mitigation 
within the proposed design and construction of the new well site compound and the wells, combined with 
additional mitigation that will be provided through the implementation of robust environmental management 
systems; prescribed through the environmental permitting process. 

The effectiveness of the mitigation measures will be demonstrated through an appropriate scheme of surface 
water and groundwater monitoring that will be agreed with the Environment Agency as part of the 
environmental permitting process. 

Envireau Water 
12/06/2019 
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Hydrological SettingFigure 2
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Geological Setting - Superficial DepositsFigure 3a
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Geological Setting - BedrockFigure 3b
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Environment Agency Water Level Data (1969 - 2017)Figure 5
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Hydrogeological Conceptual Model
Aurora Energy Resources - Altcar Moss

Figure 6a

Ref: 2357\Aurora Energy Altcar Moss\FIG 
6a - Hydrogeo Model HRA
Date: 14/12/2018

0
100
200
300
400
500
600
700
800
900

1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
3000

Distance from the site (km)
1.00 0.5 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

SD

TSFTSF SMF

TSF
SSG

SSG

SSG

SSG

MMF & AG

Carboniferous
Carboniferous

Carboniferous
Carboniferous

Ince Blundell Fault Hillhouse Fault (inferred) Croxteth Fault Blundell House Pumping 
Station (~150 - 230m)

WEST EAST

Site

0.51.01.52.0

Formby Oilfield
(~1km northwest of site)

MMF & AG

MMF & AG

MMF & AG

3

3

4

3

2

1&2

Layer 1 - Superficial Deposits above the Glacial Till
Contains groundwater with a resource value.
Recharge to this layer is via direct infiltration of
rainfall at surface and downwards leakage.

Hydrostratigraphic Units
(beneath the Site)

Layer 2 - Glacial Till & Sidmouth Mudstone
Formation
Poorly permeable (very low hydraulic conductivity).
Layer 2 provides an ~250m barrier to prevent
vertical movement of highly mineralised/saline and
formation waters from Layers 3 and 4 into Layer 1.

Layer 3 - Tarporley Siltstone Formation &
Permo-Triassic Sandstones 
Has useful hydraulic conductivity and storage but is
brackish/highly mineralised at this location. There
is no active recharge to this layer.

Layer 4 - Carboniferous Strata 
Has limited hydraulic conductivity and limited
storage. Some formations are contain hydrocarbons
and highly mineralised formation water with no
resource value; that are permanently unsuitable for
other uses. There is no active recharge to this layer.

Active zone of
recirculation

Recharge

Poor quality water due
to no active recharge

and oil seepages

SMF = Sidmouth Mudstone Formation
TSF = Tarporley Siltstone Formation

SSG = Sherwood Sandstone GroupSD = Superficial Deposits

Mercia Mudstone Group

KEY

MMF = Manchester Marl Formation
AG = Appleby Group

Permo-Triassic Sandstones
See Figure 6b 
for inset



Site Conceptual Model

Aurora Energy Resources - Altcar Moss

Figure 6b

Ref: 2357\Aurora Energy Altcar Moss\FIG 
6b - site conceptual model HRA
Date: 14/12/2018

Sidmouth Mudstone
Formation

INSET FROM FIGURE 6a

Underground
water storage

tank for 
attenuation

Perimeter Ditch
to collect surface

runoff

Site constructed with liner to contain
surface run-off and prevent infiltration

Earth bunds prevent 
water entering and 

leaving site

Perimeter 
Ditch

Perimeter 
Bund

Hardstanding
Very low permeability
liner runs 
underneath the 
perimeter ditch and 
up the earth bund

Layer 1

Hydro-
stratagraphic 

Layers

Superficial Deposits above Glacial Till

Field
drain

Groundwater 
Level

Clean surface run-off 
discharged to
adjacent field drain
(by pump or gravity)

Drilling 
Cellar

Superficial 
Deposits

Surface runoff
drains to ditch

Infiltration Infiltration

Glacial Till
Layer 2



(Site centre NGR SD 32685 07530)
Planning application boundary

Potential private water supply

1

2 3
4

5

6

7

10

13
12

9

11

8

14

Environmental Setting - 2km Radius
Aurora Energy Resources - Altcar Moss

Figure 7a

Ref: 2357\Aurora Energy Altcar Moss\FIG 
7a - env setting 2km r5 HRA
Date: 14/12/2018

Source Protec on Zones (Merged) dataset reproduced with permission from the Environment Agency. Special Licence (Commercial) Ref. A04125. Dataset publica on date: July 2017.

KEY

2km radius

N

S

W E

Environment Agency discharge permit outlet

Downholland Moss Site of Special Scientific Interest (SSSI)

Groundwater Source Protec on Zones (SPZ’s):

Total Catchment (Zone 3)

Environment Agency abstraction licence - surface water
including reach*

* Reach between multiple abstraction points on map assumed and
indicative of surface water flow path

Historic landfill site

Bri sh Geological Survey record:

Exploration hole 0 - 50m depth

Exploration hole 50 - 200m depth

Exploration hole 200 - 1000m depth

Exploration hole 1000m+ depth

Exploration hole with confidential or unknown depth

FORMBY
OILFIELD

Recorded pollution event



See  for geological descriptorsFigure 3b - Geological Setting - Bedrock
           

SSG

SFM

SNM

1

2 3
4

5

6

7

10

13
12

9

11

8

14

Downholland Moss Site of Special Scientific Interest (SSSI)

Environmental Setting with Bedrock Geology - 2km Radius
Aurora Energy Resources - Altcar Moss

Figure 7b

Ref: 2357\Aurora Energy Altcar Moss\FIG 
7b - env setting w geology 2km r2 HRA
Date: 14/12/2018

[C05/083-CSL] British Geological Survey. © NERC. All rights reserved .

Source Protec on Zones (Merged) dataset reproduced with permission from the Environment Agency. Special Licence (Commercial) Ref. A04125. Dataset publica on date: July 2017.

N

S

W E

FORMBY
OILFIELD

(Site centre NGR SD 32685 07530)
Planning application boundary

Potential private water supply

KEY

2km radius

Environment Agency discharge permit outlet

Groundwater Source Protec on Zones (SPZ’s):

Total Catchment (Zone 3)

Environment Agency abstraction licence - surface water
including reach*

*   Reach between multiple abstraction points on map assumed and
      indicative of surface water flow path
           

Historic landfill site

Bri sh Geological Survey record:

Exploration hole 0 - 50m depth

Exploration hole 50 - 200m depth

Exploration hole 200 - 1000m depth

Exploration hole 1000m+ depth

Exploration hole with confidential or unknown depth

Recorded pollution event



Inner Zone (Zone 1)

Outer Zone (Zone 2)

5km radius

Special Area of Conservation (SAC)

National Nature Reserve (NNR)

Local Nature Reserve (LNR)

Special Protection Area (SPA) / Ramsar site

Ribble & Alt Estuaries (Ramsar)
Sefton Coast (SAC / SSSI)
Ainsdale Sand Dunes (NNR)

Environmental Setting - 5km Radius
Aurora Energy Resources - Altcar Moss

Figure 8a

Ref: 2357\Aurora Energy Altcar Moss\FIG 
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Source Protec on Zones (Merged) dataset reproduced with permission from the Environment Agency. Special Licence (Commercial) Ref. A04125. Dataset publica on date: July 2017.
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APPENDIX A 
PROPOSED WELL SITE LAYOUT 
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APPENDIX B 
OUTLINE WELL CONSTRUCTION SCHEMATICS 
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APPENDIX C 
ENVIRONMENTAL FEATURES 
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Table C1  Licensed Abstractions within 2km 
 
Source No. 
on Figure 
7a & 7b 

Licence No. 
Point of 

Abstraction Location Easting Northing 
Distance from 

Site (closest 
point to Site) 

1 2569031061 Surface water - 
reach 

Downholland 
Brook 

n/a n/a 1.1km 

2 2569031040 Surface water - 
reach 

Mere Brook n/a n/a 1.2km 

3 2569031041 Surface water - 
reach 

Chisnall Brook n/a n/a 1.4km 

4 2569031042 Surface water - 
reach 

Barton Brook n/a n/a 1.4km 

 
Table C2  Potential Private Water Supplies within 2km 
 
Source No. 
on Figure 
7a & 7b 

Location Easting Northing Distance from Site 

5 Formby’s Farm 331820 407050 1.0km 
6 North Moss Farm 331610 408960 1.8km 

 
Table C3  Discharge Permits within 2km 
 
Source No. 
on Figure 
7a & 7b 

Permit 
Number 

Location Discharge Type Easting Northing Distance 
from Site 

7 0174/2332 Tributary of 
River Alt 

Sewage Discharges - 
Unspecified - Water 

Company 

332900 406200 1.3km 

8 WS157/12/10 Fine Jane Brook 
(Tributary of 

River Alt) 

Sewage Discharges - 
Final/Treated Effluent - 
Not Water Company 

332800 408900 1.4km 

9 016997060 Tributary of 
Downholland 

Brook 

Sewage Discharges - 
Final/Treated Effluent - 
Not Water Company 

331300 407810 1.4km 

10 0174/2156 Tributary of 
River Alt 

Sewage Discharges - 
Final/Treated Effluent - 

Not Water Company 

332900 406100 1.4km 

11 01SEF0080 Downholland 
Brook 

Sewage Discharges - 
Final/Treated Effluent - 

Not Water Company 

331280 406750 1.6km 

12 0174/2159 Tributary of 
River Alt 

Sewage Discharges - 
Final/Treated Effluent - 

Not Water Company 

333090 405940 1.6km 

13 0174/2157 Tributary of Sewage Discharges - 333000 405900 1.7km 



Envireau Water 

Ref: 2357 Aurora Energy Resources Altcar Moss \ RPT – Altcar Moss HRA Appendices 

Source No. 
on Figure 
7a & 7b 

Permit 
Number 

Location Discharge Type Easting Northing Distance 
from Site 

River Alt Final/Treated Effluent - 
Not Water Company 

14 016997062 Wham Brook Sewage Discharges - 
Final/Treated Effluent - 

Not Water Company 

331010 408560 2.0km 

Table C4 Licensed Abstractions between 2km to 5km 

Source No. 
on Figure 
8a & 8b 

Licence No. 
Point of 

Abstraction 
Location Easting Northing 

Distance 
from Site 

15 NW/069/0031/018 Groundwater Formby Hall 331153 409588 2.5km 

16 NW/069/0031/003/R01 Groundwater Formby Golf 
Club 

328840 408375 4.0km 

17 NW/069/0031/003/R01 Groundwater 
Freshfield, 

Formby 
328869 408404 4.0km 

18 2569031104 Groundwater 
Victoria Road, 

Formby 328500 408700 4.1.km 

19 2569031019 Groundwater Blundell House 
Pumping Station 

337410 407410 4.5km 
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APPENDIX D 
TIER 1 RISK ASSESSMENT METHODOLOGY 
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Introduction 
 
DEFRA’s GL III [Ref. 1] contains generic guidelines for the assessment and management of environmental risks. GL 
III outlines a staged approach to risk assessment and the document is intended to guide regulatory staff in 
Government and its agencies, as well as those carrying out assessments, to reach a decision on managing 
environmental risk.  
 
A hydrogeological risk assessment for the Proposed Development has been carried out taking account of the 
Source-Pathway-Receptor (S-P-R) approach described in GL III [Ref. 1] and Environment Agency guidance [Ref. 2]. 
Where S-P-R linkages have been identified, the sensitivity of the receptor, magnitude of impact and significance of 
effect has been considered in order to assess potential risks. 
 
Ref.2 describes a tiered approach to risk assessment, starting at Tier 1 and progressing to Tier 3. Tier 1 is 
essentially a qualitative approach and Tier 3 is a highly quantitative approach. The choice of approach should be 
based on how complicated the system is, how high the risks are, and how easily and fully the risks can be 
mitigated. As such the selection process is iterative, and in complex systems there may be a mixture of 
approaches where simple, low risk sub-systems are assessed with a Tier 1 approach and more complex aspects 
with risks that cannot be fully mitigated may need a complex quantitative approach. The methodology described 
in this Appendix is for a Tier 1/2 assessment. 
 
Receptor Sensitivity 
 
The sensitivity of water resource receptors is based on their status and considered resource value, as described in 
Table 1. 
 
Table 1  Receptor Sensitivity 
 
Receptor 
Sensitivity 

Description Examples 

Very High 
Water resource with an importance and 

rarity at an international level with 
limited potential for substitution. 

• A water resource making up a vital component of a SAC or SPA 
under the EC Habitats Directive 

• A water body achieving a status of ‘High status or potential’ under 
the WFD 

• Principal aquifer providing potable water to a large population 
• EC designated Salmonid fishery 

High 
Water resource with a high quality and 
rarity at a national or regional level and 

limited potential for substitution. 

• A water resource designated or directly linked to a SSSI. 
• Principal aquifer providing potable water to a small population 
• A river designated as being of Good status or with a target of Good 

status or potential under the WFD 
• A water body used for national sporting events such as regattas or 

sailing events 
• EC designated Cyprinid fishery 

Medium 
Water resource with a high quality and 
rarity at a local scale; or Water resource 

with a medium quality and rarity at a 
regional or national scale. 

• Secondary aquifer providing potable water to a small population 
• An aquifer providing abstraction water for agricultural and industrial 

use 

Low Water resource with a low quality and 
rarity at a local scale. 

• A non ‘main’ river or stream or other water body without significant 
ecological habitat 
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Magnitude of Impact 

The magnitude of a potential impact on a receptor depends on the nature and extent of the Proposed 
Development and is independent of the sensitivity of the water resource, as described in Table 2. 

Table 2 Magnitude of Impact 

Magnitude 
of Impact Description Examples 

High Results in a major change to 
attributes. 

• Loss of EU designated Salmonid fishery
• Change in WFD classification of a water body.
• Compromise employment source
• Loss of flood storage/increased flood risk
• Pollution of potable source of abstraction

Medium 
Results in impact on integrity of 

attribute or loss of part of 
attribute. 

• Loss / gain in productivity of a fishery.
• Contribution / reduction of a significant proportion of the effluent in a

receiving river, but insufficient to change its WFD classification 
• Reduction / increase in the economic value of the feature

Low Results in minor impact to 
attributes. 

• Measurable changes in attribute, but of limited size and/or proportion

Very Low 
Results in an impact on attribute 
but of insignificant magnitude to 

affect use and/or integrity. 

• Physical impact to a water resource, but no significant reduction/ increase
in quality, productivity or biodiversity

• No significant impact on the economic value of the feature
• No increase in flood risk

Significance of Effect 

The significance of the potential effect is derived by combining the assessments of both the sensitivity of the 
water resource and the magnitude of the impact in a simple matrix, as presented in Table 3. Effects which are 
assessed to  
be major or moderate are considered to be significant, whilst those that are minor or negligible are not 
significant. 

Table 3 Significance of Effect 

Receptor 
Sensitivity 

Magnitude of Impact 

High Medium Low Very Low 

Very High Major Major Moderate Moderate 

High Major Moderate Moderate Minor 

Medium Moderate Moderate Minor Negligible 

Low Moderate Minor Negligible Negligible 
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Qualitative Likelihood 

The qualitative likelihood of occurrence of a potential impact on a receptor is defined as described in Table 4. 

Table 4  Qualitative Likelihood of Occurrence 

Qualitative 
Likelihood of 
Occurrence 

Description Examples 

Highly Likely High probability of occurrence 
• Spillage at a poorly maintained and operated facility
• Uncontrolled activity in or on an aquifer, close to surface water
• Uncontrolled known discharge

Likely On balance could occur 

• Controlled but un-mitigated activity
• Complex process where failure of a part is likely to lead to release
• Large area where 100% sealing cannot reasonably be expected

Moderate Equally likely/unlikely 
• Unmitigated, low risk
• Controllable activity
• Partially contained site

Unlikely On balance wouldn’t occur 

• Mitigated higher risk
• Simple, controllable activity
• Underlain by poorly permeable strata
• Existing contained site

Very Unlikely Very low probability of 
occurrence 

• Essentially no risk
• Extreme set of circumstances required to generate low probability
• Fully mitigated low or medium risk

Qualitative Risk Analysis 

The residual qualitative risk is derived by combining the likelihood of occurrence and the significance of effect of a 
potential impact on a receptor in a simple matrix, as presented in Table 5. Risks which are assessed to be very 
high, high or medium are considered to be significant, whilst those that are low, very low or none are not 
significant. 

Table 5 Qualitative Risk Analysis 

Qualitative 
Likelihood of 
Occurrence 

Significance of Effect 

Major Moderate Minor Negligible 
Highly Likely Very High High Medium Low 

Likely High Medium Low Very Low 
Moderate Medium Low Very Low None 
Unlikely Low Very Low None None 

Very Unlikely Very Low None None None 
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APPENDIX E 
BGS 3DGWV SCREENING METHODOLOGY WORKBOOK 
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3D Groundwater Vulnerability (3D GWV) assessment for subsurface hydrocarbon activities, Release v1.0, July 2018

BGS©UKRI 2018

Receptor Classification
Hazard

Intrinsic vulnerability
Specific vulnerability
Risk group

Site details
Notes on 3D GWV methodology
Geological sequence and groundwater classification Space to enter information gathered about the geology of the region and identify the most likley geological sequence, identify receptors and calculate inputs for vulnerability assessments
Hazard assessment Identification of hazards; resulting from the hydrocarbon release mechanism (H1) and local hydraulic gradients (H2).

Vulnerability assessment

Output

The worksheet uses the following colour coding:
Worksheet option with pull down menu
Data entry
Data origin / justification should be noted in cells coloured yellow and fully documented in subsequent reports.
Data carried forward from an earlier worksheet
Calculation 

It is recommended that a copy of the original worksheet is saved (all data fields in the original copy are blank).

The following worksheets are available in this spreadsheet:

Instructions on how to code groundwater receptors, hazards and intrinsic vulnerability

Assessment of the intrinsic vulnerability of each potential receptor to the proposed hydrocarbon activity. Key factors (and sub factors) are provided with a  
parameter rating (rx). Each sub factor is weighted according to its perceived influence on vulnerability (wx). An overall score for each sub-factor is calculated 
(rx*wx). The confidence is also recorded for each sub-factor. The scores for each sub-factor (rx*wx) are then added together to obtain an overall intrinsic 
vulnerability  (IntV=Σ (rx*wx)) for each potential receptor in the geological sequence

Output. Specific vulnerability (SpecV) = IntV*(H1*H2). Risk group (low, medium/low, medium/high, high) can be identified for each potential receptor from 
potential receptor classifiation and SpecV.  The confidence assigned to this score is the lowest confidence assigned to any of the sub-factors.

The 3D GWV screening methodology developed by BGS (British Geological Survey) and the EA (Environment Agency) assesses the vulnerability of receptors from conventional and 
unconventional hydrocarbon exploitation activities in the subsurface in England. It assesses the geological features present (or absent) between the geological units from which it is 
proposed to exploit hydrocarbons (potential source) and any receptors (both above or below the location of the proposed hydrocarbon development) which might have an impact on 
contaminant migration.
It is envisaged that this methodology would be used in collaboration with the standard EA procedures for assessing groundwater vulnerability from any potentially polluting activities. As 
such, potential receptor contamination from associated surface activities (e.g. storage of fluids and other site practices) or from borehole integrity are not included in this. It has been 
assumed that the EA will already be considering the position of the site with respect to factors such as; source protection zones at the ground surface, requiring a water features survey to 
identify potential pathways and receptors for shallow groundwater movement, requiring information from the applicant on the condition of the borehole itself, and protecting any potential 
leakage points. However, if a borehole is known to be leaking from a specific depth, the method can be applied to assess the vulnerability of receptors from this point of contaminant 
release.  
The 3DGWV Screening Methodology spreadsheet should be used in conjunction with the 3DGWV Screening Tool methodology in the associated report and the 3DGWV LithoFrame Viewer 
3D model. This spreadsheet leads the user through a series of steps to make a vulnerability and risk assessment at a site scale. 
The foundation of the screening methodology is the development of a conceptual model for the 3D geology of the site of interest of the proposed hydrocarbon activity including the full 3D 
footprint of the hydrocarbon activity including all lateral boreholes and cavities created. Through this, the location and geometry of potential hydrocarbon source/reservoir rocks and 
potential receptors will be identified. The 3DGWV LithoFrame Viewer 3D model displays potential hydrocarbon source/reservoir rocks and aquifers to aid development of the conceptual 
model but additional sources of information should also be utilised where available, as outlined in the report document. Confidence is explicitly recorded as part of this assessment process 
and should be taken into account when reviewing scores. As the site is investigated further the screening can be refined with the additional knowledge and confidence increased. 

Name, location, exploitation activity, assessment audit

According to activity to be undertaken and direction of hydraulic gradients (score of 0 (low) to 10 (high)) + confidence

Hazard multiplied by intrinsic vulnerability + confidence

A to D according to importance and value of groundwater 
Outputs

Intrinsic vulnerability rating for each potential receptor + confidence. A combination of rating and weighting is used to calculate vulnerability in order to 
provide and indication of the importance of the factors being considered

Based on specific vulnerability and receptor classification

NOTE: Although parameter ratings and weightings, and risk group boundaries were based on professional judgement, they are indicative at this stage (July 2018). It is expected that these will 
be revised with further review, testing and increasing scientific evidence. 

Scientific observations are made according to the prevailing understanding of the subject at the time. The quality of such observations may be affected by subsequent advances in 
knowledge, improved methods of interpretation, and better access to sampling locations. Data may be complied from the disparate sources of information at the BGS’s disposal; including 
material donated to BGS by third parties, and may not have been subject to any verification or other quality control process. Therefore information supplied by BGS should not be taken as a 
substitute for specialist interpretations, professional advice and/or detailed site investigations. You must seek professional advice before making technical interpretations on the basis of the 
materials provided. 

Ref: 2357 Aurora Energy Altcar Moss \ 3DGWV methodology spreadsheet
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Details to be completed for each assessment

Site Name:
Site Address:
Grid Reference: SD 32685 07530 
Completed by:
Date: 19-Sep-18 Version: VER01
Proposed activity Drilling/testing of 2 exploratory wells
The area of interest is 2 km radius from the proposed site of activity

Activity log
Version Date Action Edited by Notes
VER01 19/09/2018 Initial data input PJ

Aurora Altcar Moss Well Site
Altcar Moss, West Lancashire 

Penny Jenkinson

Ref: 2357 Aurora Energy Altcar Moss \ 3DGWV methodology spreadsheet
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From section

GEOLOGICAL UNIT LITHOLOGY DEPTH TOP (FT) DEPTH TOP (M)
VETICAL DEPTH  TOP 
(TVDSS) (M) DEPTH BASE (FT) DEPTH BASE (M)

VETICAL DEPTH BASE 
(TVDSS) (M) UNIT THICKNESS (M) NOTES

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

TARGET 0

NOTES ON SECTIONS
Below sea surface 
indicated by "-"

Below sea surface 
indicated by "-"

Difference between 
top and base of unit.  
formula = (-I6)+F6

From Borehole 

GEOLOGICAL UNIT LITHOLOGY DEPTH TOP (FT) DEPTH TOP (M)
VETICAL DEPTH  TOP 
(TVDSS) (M) DEPTH BASE (FT) DEPTH BASE (M)

VETICAL DEPTH BASE 
(TVDSS) (M) UNIT THICKNESS (M) NOTES

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

TARGET 0

NOTES ON BOREHOLE
Below sea surface 
indicated by "-"

Below sea surface 
indicated by "-"

Difference between 
top and base of unit.  
formula = (-I6)+F6

GEOLOGICAL UNIT LITHOLOGY DEPTH TOP (M OD) DEPTH BASE (M OD)
THICKNESS OF UNIT 
(M)

VERTICAL SEPARATION 
BETWEEN 
HYDROCARBON  SOURCE 
UNIT (top of) AND BASE 
OF POTENTIAL RECEPTOR 
(M)

UNIT MUDSTONE 
THICKNESS (M)

CUMULATIVE 
MUDSTONE 
THICKNESS (M) IN 
INTERVENING UNITS

EA AQUIFER 
DESIGNATION

RECEPTOR 
CLASSIFICATION

UNIT FLOW TYPE 
(FOR PRINCIPAL 
AND SECONDARY 
AQUIFERS)

CUMULATIVE FLOW 
TYPE (FOR PRINCIPAL 
AND SECONDARY 
AQUIFERS) INCLUDING 
RECEPTOR NOTES

Superficial Deposits Clay, silt, sand, gravel, peat 0 18 18 2012 0 446.4 Unproductive D
Mercia Mudstone Mudstone, siltstone, sandstone 18 315 297 1715 207.9 238.5 Secondary <400m B Fractured, poorly connectedMixed fracture and intergranular flow

Sherwood Sandstone Sandstone with siltstone and mudstone 315 985 670 1045 134 104.5 Principal <400m A Mixed fracture and intergranular flowMixed fracture and intergranular flow
Manchester Marls / Collyhurst Sandstone Mudstones with sandstone / Sandstone 985 1650 665 380 66.5 38 Principal >400m B Mixed fracture and intergranular flowMixed fracture and intergranular flow

Millstone Grit Sandstone, siltstone and limestone 1650 2030 380 0 38 0 Unproductive D
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

TARGET: Bowland Shale Mudstone with sandstone 2030 2370 340 0
0 0
0 0
0 0
0 0
0 0

NOTES Top of the unit minus 
the base of the unit

Distance between the top 
(or base) of the source 
and the base (or top) of 
the receptor. This may 
require re-formating 
depending on the 
geometry of the system

If all of a unit is 
mudstone the whole 
thickness can be 
entered here, if only a 
proportion of the unit 
is mudstone then 
multiply the total unit 
thickness by the 
fraction of the unit 
that is mudstone. 
Borehole logs  

Total mudstone 
thickness between 
source and receptor 
based on column K

EA aquifer 
designation

According to method 
notes(EA aquifer 
designation and depth)

Fractured, well 
connected; 
fractured, poorly 
connected; mixed 
fracture and 
intergranular 
flow; not 
fractured but 
intergranular flow

For all receptors of class 
A to C in intervening 
units and top of unit 
being assessed, what is 
the predominant 
groundwater flow type?

Fill in tables with geological details from sections from the 3D GWV LithoFrame Viewer project and/or nearby borehole logs. Fill in the final table with the likely geological sequence in the area of interest. If units are not present in the immediate vert ical section, but are 
present in the area of interest, another vertical sequence may be created to incorporate this unit at that location. If the source overlies potential receptors the tables should be re-formated to account for this. 

GEOLOGICAL SEQUENCE

DETERMINED GEOLOGICAL SEQUENCE

Determined from borehole and section information
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Prior to commencing the vulnerability assessment the formations present can be classed as receptors follows;

Potential receptor classification EA aquifer designation and depth to top of unit below surface Total dissolved solids (TDS)

A Principal aquifer < 400 m < 1000 mg/l
B Principal aquifer > 400 m, secondary Aquifer < 400 m 1000-3000 mg/l
C Secondary aquifer > 400 m 3000-10,000 mg/l
D Unproductive > 10, 000 mg/l
Aquifer designation is based on EA aquifer designation maps at outcrop
Where information about the quality of water is known then this should over-ride the classification based on aquifer designation
This is the shallowest point of the aquifer in the area of interest

Hazard factor Ranking (r) Weighting (w) Confidence
Maximum 
score

5
4
3
2
1
2
1

Intrinsic vulnerability factor Instrinsic vulnerability sub-factor Intrinsic vulnerability parameter range Rating (r) Weighting (w) Confidence
Maximum 
score

>1200 m 1 Column G:
900-1199 m 2 2012
600-899 m 3 1715
400-599 m 4 1045
300-399 m 5 380
200-299 m 6 0
100-199 m 7
<99 m 8
> 2000 m 0
1000 to 1999 m 1
500 to 999 m 2
200 to 499 m 3
< 199 m 4 Column I:
>250 m mudstone or clay 1 446.4
>100 m mudstone or clay 2 238.5
>50 m mudstone or clay 3 104.5
> 20 m mudstone or clay 4 38
No intervening strata or < 20 m mudstone or clay 5 0

Factor Subfactor Range Rating (r) Weighting (w) Confidence
Maximum 
score

Only units designated 'Unproductive Strata' by EA 0
> 50 % principal or secondary aquifers (EA designation) with 
intergranular flow (e.g. sands) 

1

> 50 % principal or secondary aquifers (EA designation)   fractured, 
poorly connected or mixed fracture and intergranular flow (e.g. well 
fractured sandstones, multi-layered Carboniferous rocks)

2

> 50% principal or secondary aquifers (EA designation)  fractured, 
well connected (e.g. limestone)

3

Known faults within 2 km of the hydrocarbon activity 2
Known faults within 0.5 km, or transmissive fault within 2 km of the 
hydrocarbon activity

3

Faults known to be transmissive within 0.5 km of the hydrocarbon 
activity

4

No potential solution features 0
Potential for solution in evaporite minerals 1

Potential for karst or known solution features in evaporite minerals 2

Known karst features in area of interest 3

No known mine (and assumed to be absent) within 2 km of 
maximum lateral extent of hydrocarbon activity, or 600 m vertically

0

Known mine within 0.5-2 km of the maximum lateral extent of 
hydrocarbon activity, and/or 600 m vertically 

1

Known mine within 0.5 km of the maximum lateral extent of 
hydrocarbon activity, and/or 200 m vertically

2

No known boreholes (and assumed none present) within 600 m 
vertically or 2 km laterally of hydrocarbon activity

0

Known boreholes extending to within 600 m vertically, and/or 0.5-2 
km laterally of hydrocarbon activity

1

Known boreholes extending to within 200 m vertically, and/or 0.5 
km laterally of hydrocarbon activity

2

TOTAL 98.5
MAXIMUM INTRINSIC VULNERABILITY SCORE IS 98.5
MAXIMUM OVERALL RISK SCORE IS 985

18

Preferential flow pathways

Faults

Solution features

Anthropogenic features-mines

Anthropogenic features-boreholes

6

16

8

4 M or H

4.5 L, M or H

2 L or M

8

12

12

9

Assessment for intervening zone between top of hydrocarbon source unit and base of the potential receptor unit

Mudstones and clays in intervening zone between hydrocarbon source unit and potential receptor

3.5 M or H 17.5

Assessment for intervening zone between top of hydrocarbon source unit and top of the potential receptor unit

Groundwater flow mechanism 

Lateral separation of hydrocarbon source unit and potential 
receptor 

3 M

3 M or H

5

2

RECEPTOR CLASSIFICATION

HAZARDS

INTRINSIC VULNERABILITY

No permeability enhancement (passive) for conventional oil and gas. 
Head gradient from hydrocarbon source to receptor or unknown
No head gradient from hydrocarbon source to receptor

H

L, M or H

N/A

Hazard parameter
Permeability enhancement and increase in pressure and temperature (UCG)
Permeability enhancement from high volume hydraulic fracturing (e.g. shale gas)
Permeability enhancement from low volume hydraulic fracturing (e.g. conventional oil and gas with hydraulic fracturing)
Water table lowering and depressurisation (CBM)

H

Release mechanism of hydrocarbon (H1)

Head gradient driving flow (H2)

Vertical separation of hydrocarbon source unit and potential 
receptor 

1.5 M or H

Proximity of hydrocarbon source unit and 
potential receptor

Faults not known in the area of interest 1
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FACTOR

GEOLOGICAL UNIT RANKING CONFIDENCE RANKING CONFIDENCE
Superficial Deposits 1 medium 4 medium
Mercia Mudstone 1 medium 4 medium
Sherwood Sandstone 1 medium 4 medium
Manchester Marls / Collyhurst Sandstone 1 medium 4 medium
Millstone Grit 2 medium 8 medium

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

TARGET: Bowland Shale 0
NOTES

Assign lowest 
confidence from 
D7 and D6

HAZARD 
SCORE CONFIDENCE

Identification of hazardous activities (H1) and whether or not there is a driving force (H2). 

HAZARD ASSESSMENT

Release mechanism of 
hydrocarbon (H1)

Head gradient driving flow  (H2)

4 high

This is rarely known, sources of 
information are detailed in the user 

notes.

This information will be 
available on licence 

application
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Intervening Units
FACTOR

WEIGHTING (w)
CONFIDENCE
GEOLOGICAL UNIT
Superficial Deposits 1 1.5 4 12 1 3.5
Mercia Mudstone 1 1.5 4 12 2 7
Sherwood Sandstone 2 3 4 12 2 7
Manchester Marls / Collyhurst Sandstone 8 12 4 12 4 14
Millstone Grit 8 12 4 12 5 17.5

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

NOTES

P:S
Receptor and intervening units
FACTOR VULNERABILITY 

SCORE (V)

WEIGHTING (w)
CONFIDENCE medium Lowest confidence from both tables
GEOLOGICAL UNIT
Superficial Deposits 0 0 4 18 0 0 0 0 0 0 35
Mercia Mudstone 2 6 4 18 0 0 0 0 0 0 44.5
Sherwood Sandstone 2 6 4 18 0 0 0 0 0 0 46
Manchester Marls / Collyhurst Sandstone 2 6 4 18 0 0 0 0 0 0 62
Millstone Grit 0 0 4 18 0 0 0 0 0 0 59.5

0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0

TARGET: Bowland Shale 0 0 0 0 0 0

NOTES
Automatically 
calculated from 
the sum of 
vulnerability 
scores multipled 
by weighting

Groundwater flow 
mechanism in 

intervening units 
between source and 
receptor, including 

the receptor

Faults cutting 
intervening units and 

receptor

1.5 3

Use column J of the 
determined 
geological sequence

Anthropogenic 
features-mines close 

to site of interest

Anthropogenic 
features-boreholes 

close to site of 
interest

medium

Solution features in 
intervening units and 

receptor

Horizontal separation 
should be applied 
where units are at the 
same depth.

Use column L of the 
determined geologic 
sequence

medium medium high high
4.5 2 8 4

INTRINSIC VULNERABILITY ASSESSMENT

Factors impacting the vulnerability of each geologic unit in the sequence, including proximity of the source and receptor, identification of mudstone/clay barriers, identification of potential 
preferential pathways. Fill in tables within information from the geological sequence and other information sources. If an additional geologic sequence was required then this assessment 
should be repeated for both sequences.

Vertical separation 
between source and 

base of receptor

Lateral separation 
between source and  

receptor

Mudstones and clays 
in intervening units 

between source and 
receptor

GIS boreholes 
shapefile

3.5

Use column L of the 
determined 
geological sequence

Use geologic maps, 
sections and user 
notes

More detail in user 
notes

GIS mine shapefile

3
medium
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RISK CALCULATION

GEOLOGICAL UNIT 

RECEPTOR 
CLASSIFICATION

INTRINSIC 
VULNERABILITY 
SCORE (IntV)

SPECIFIC 
VULNERABILITY 
SCORE (SpecV) RISK GROUP

Superficial Deposits D 35 140 Low
Mercia Mudstone B 44.5 178 Low
Sherwood Sandstone A 46 184 Medium/Low
Manchester Marls / Collyhurst SandstoneB 62 248 Low
Millstone Grit D 59.5 476 Low

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

Confidence is the lowest for hazards and vulnerability. 
Risk group can be determined from table below

Potential receptor 
classification < 250 250-500 500-750 >750

A Medium/Low Medium/High High High
B Low Medium/Low Medium/High High

C Low Low Medium/Low Medium/high

D Low Low Low Low

This is the output sheet, the receptor classification, intrinsic and specfic vulnerability scores and risk groups can be compared for each geologic unit in the geological sequence.

CONFIDENCE

Specific vulnerability score
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