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WATER RESOURCES REPORT
KIRBY MISPERTON-A WELL SITE, KIRBY MISPERTON, NORTH YORKSHIRE
Non – Technical Summary

Envireau Water has been commissioned by Third Energy UK Gas Limited (“Third Energy”) to prepare a Water
Resources Report comprising a hydrogeological risk assessment (HRA) and flood risk assessment (FRA) to support
an application to extend the lifetime of the Kirby Misperton-A (KM-A) well site at Kirby Misperton, North Yorkshire
(“the site”).
The risk assessments are based on an established hydrogeological conceptual model. A hydrogeological risk
assessment (HRA) and flood risk assessment (FRA) has been carried out in accordance with technical guidance.
The HRA has identified risks to surface water and groundwater receptors from hazards associated with the
consented activities. With the high level of embedded mitigation measures which are in place and additional
mitigation measures that are also proposed, the residual risk to identified receptors for all the identified hazards
are reduced to either ‘low’, ‘very low’ or ‘none’.
It is important to note that additional mitigation proposed through the detailed environmental permit review
process that is currently underway are not required to make the site acceptable in planning and land use terms.
The FRA demonstrates that the site is wholly located within Environment Agency Flood Zone 1 (very low probability
of flooding from tidal and fluvial sources) and has a surface flood risk which is low/very low.
The HRA and FRA demonstrate that there are no significant impacts associated with extending the lifetime of the
site. There are no cumulative impacts to consider.
Envireau Water
08 May 2018

North Office, Aske Stables, Aske,
Richmond, North Yorkshire, DL10 5HG
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WATER RESOURCES REPORT
KIRBY MISPERTON-A WELL SITE, KIRBY MISPERTON, NORTH YORKSHIRE

1

INTRODUCTION

Envireau Water has been commissioned by Third Energy UK Gas Limited (“Third Energy”) to prepare a Water
Resources Report comprising a hydrogeological risk assessment (HRA) and flood risk assessment (FRA) to support
a planning application to extend the lifetime of the existing Kirby Misperton-A (KM-A) well site at Kirby Misperton,
North Yorkshire (“the site”).
The background to the planning application is detailed in the Screening Request produced by Third Energy’s
planning consultants, MBH Environmental [Ref. 1] and in the supporting statement and environmental report
accompanying the planning application.
1.1

Gas Production & Generation in the Vale of Pickering

Third Energy produces gas from fields within the Ryedale Valley in the Vale of Pickering (VoP) on the southern side
of the North York Moors. The gas is piped back to Knapton Generating Station (KGS) and used to generate
electricity. The gas fields are referred to as “Pickering”, “Kirby Misperton”, “Malton” and “Marishes”. A summary
of the wells that have been developed at each of the well sites is presented in Appendix A.
The focus of this assessment is the KM-A well site (see Figures 1 and 2), which is located approximately 12km west
of KGS. The site was originally developed in 1984 and further extended in 2013. Two gas production wells (KM-7
(formerly KM-1) and KM-8) and a single produced water reinjection well (KM-3) have been constructed at the site
to date.
1.2

Consented Works

The consented works at the site are detailed in Ref. 1 and are summarised in Table 1.
Table 1

Consented Works

Activity

Description

Gas production

Gas production and onward transmission to KGS. Receipt of gas and liquids from other sites.
Separation of gas and produced water.

Produced water injection

Injection of produced water (and associated hydrocarbon condensates) to the Kirkham
Abbey Formation (KAF) via KM-3 well.

Groundwater monitoring

Monitoring of groundwater boreholes.

Workovers

Well maintenance, including wellbore treatments, tubing replacement and sidetrack drilling.

Routine maintenance

Daily visits to inspect infrastructure and carry out routine maintenance where required.
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Activity

Description

Development of a new
well

Drilling, testing and production from a new production well. The well will be constructed to
target natural gas in the KAF reservoir.

Well abandonment

Decommissioning of existing wells.

Site restoration

Restoration of the site to its predevelopment condition.

The planning application to extend the lifetime of the site does not include any proposed changes to the activities
that have already been consented.
1.3

Well Completions

Summary details for each of the wells at the site are presented in Table 2 below.
Table 2
Well

Well Summary
Year

Depth (TVD mbgl)

Construction Detail

KM-1

1985

3,414

Surface casing: 344m from 0 – 885m. Production casing: 241mm from 0 –
2,901m. Production liner: 178mm from 1,999 – 2,378m. Perforations: 1,623 –
1,642m. Bridge plug: 2,150m. Drilled to 3,414m. Plugged and abandoned below
~970m.

KM-3

1987

1,934

Surface casing: 244mm from 0 –394m. Production casing: 244mm from 0 –
1,204m. Production liner: 178mm from 369 – 1,934m. Perforations: 1,342 –
1,358m.

KM-7

2012

1,398

Sidetrack from KM-1. Kick off point at approximately ~900m. Production
liner: 178mm from 794 – 1,260m; 114mm from 1,177m to 1,398m.

3,099

Surface casing: 474mm from 0 – 316m. Surface casing: 340mm from 0 –
1,255m. Production casing: 244mm from 0 – 1,873m. Production liner: 178mm
from 1,800 to 3,099m.

KM-8

1.4

2013

Purpose of This Report

This report has been prepared by Envireau Water and presents:
1. A hydrogeological conceptual model with background justification, and a hydrogeological risk assessment
(HRA) based on that conceptual model for the activities at the site. It should be noted that the conceptual
model is not “new” and is based on a significant body of work that has been carried out by Envireau Water
in considering other developments at Third Energy’s well sites in the VoP.
2. A HRA conducted in accordance with the methodology and framework for groundwater risk assessment
set out by DEFRA in Green Leaves III (GL III) [Ref. 2], and the Environment Agency’s approach to
groundwater protection [Ref. 3] and technical guidance [Ref. 4].
3. This report also presents a flood risk assessment (FRA) carried out in accordance with the National Planning
Policy Framework (NPPF) March 2012 [Ref. 5] and the accompanying online resource, National Planning
Practice Guidance (NPPG): Flood Risk and Coastal Change 2014 [Ref. 6].
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This report has been prepared to support a planning application to extend the lifetime of the existing site. As such,
the report provides an overview rather than a detailed description of the consented activities at the site, which are
regulated under the Environmental Permitting Regulations (EPR) 2016. The consented activities are the subject of
a detailed environmental review process that is currently underway.

Ref: P:\TE Reg Support 2018 (2332)\40 - Reporting\2 - KMA\KMA_HRA_v4.docx
Rev: 08/05/18

Page 3 of 30

Envireau Water
2

SITE SETTING

The site setting is described in the following sections and presented on Figures 1 and 2.
2.1

Description

The site covers approximately 1.6 Ha of land and is located approximately 750m southwest of the village of Kirby
Misperton; approximately 12km west of Third Energy’s operations facility at KGS. The centre of the site is
approximately at NGR SE 771 789. The site is split over two levels and the ground elevation of the lower part and
upper part of the site are approximately 29mAOD and 31mAOD, respectively.
The site is located on the edge of a low-lying area between the River Seven and Costa Beck. The ground level around
the site falls towards the southwest at a gradient of approximately 1:20. The ground rises to the north of the site to
a high of 41mAOD near Kirby Misperton; approximately 750m to the northeast.
2.2

Land Use

The site is located in a rural location, with surrounding land predominantly used for agriculture. The closest
residential dwellings are at Alma Farm, located 300m northwest of the site, and Kirby-O-Carr Farm, located 210m
south of the site. The closest conurbation is Kirby Misperton located approximately 750m to the northeast.
2.3

Soils

The soil type at the site (taken from the LandIS Soilscapes website, developed by Cranfield University accessed on
22/02/2018 [Ref. 7]) is classified as ‘slowly permeable, seasonally wet, slightly acid but base-rich loamy and clayey
soils’.
2.4

Layout

The site comprises the original KM-1 well site and the recent KM-1 well site extension; the latter which was
constructed specifically for the development of the KM-8 well. The KM-1 well site houses the KM-1 and KM-7 (a
sidetrack to KM-1) gas production wells and the KM-3 water injection well.
The layout and construction of the site is discussed in Ref. 1 and Ref. 8, is illustrated on the site plans in Appendix
B, and summarised as follows:
2.4.1

KM-1 well site

•

The KM-1 well site was constructed in 1994. The well pad is approximately 55m by 70m and covers an area
of 0.36 Ha.

•

During the construction of the KM-1 well site, top soil was removed and stored in earth banks/bunds along
the northern, eastern and southern boundaries for future use during the site restoration. Bunds were
located on top of a Type 1 sub-base, 1m in depth. The western boundary is marked by an open field drain
(Sugar Hill Drain) draining to the south.

•

A covered perimeter filter drain is installed within the bunded area and is connected to the Sugar Hill Drain
via an oil interceptor. The perimeter filter drain was installed to prevent surface water runoff entering and
leaving the well site. The drain is located in a trench 400 - 1200mm in depth and 490 - 690mm wide. A
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“Hepworth” 150 Ø plastic perforated land drain is underlain by 150mm of uniformly graded (14mm – 5mm)
granular bedding material. The drain is overlain by a further 150mm of uniformly graded (14mm – 5mm)
granular bedding material. This granular material is then overlain by Type 1 material or Type 1B uniformly
graded granular material. Unperforated plastic land drain is then used between the filter drains and
connecting ditches.
•

During construction of the KM-1 well site (after top-soil removal) the subsoil was levelled and covered with
a low permeability clay liner to prevent surface water collecting at the well site infiltrating to ground. The
clay layer was then covered with a layer of geotextile which was subsequently covered with a crushed
stone layer to produce a hard-standing area. This stone layer consisted of a minimum depth of 100mm
Type 1 sub-base covered by a further 100mm of 40mm down uniformly graded stone (no fines, high
crushing strength and low absorption and non-frost susceptible).

•

A drainage system is present beneath the base of the KM-1 well site to collect surface water runoff from
gulleys located at positions near key infrastructure, e.g. vehicle hardstanding area. The drainage system
collects surface water from operational areas of the well pad and discharges to Sugar Hill Drain on the
western boundary via a tilting-plate interceptor. The tilting plate was a 1500 DTA
(Environmental Engineering Ltd) or equivalent characterised by a diameter of 1500mm and depth of
1925mm. The interceptor sits on a firm bed (either firm strata or concrete which bears on the firm strata
below).

•

Two drilling cellars constructed from pre-cast concrete rings and a reinforced concrete base are
constructed at the well site. The cellars house the KM-1 (and KM-7) and KM-3 wells.

2.4.2

KM-1 well site extension

•

The KM-1 well site extension was constructed in 2013.

•

Earth bunds are constructed around the northern and eastern boundaries and connect into the bunded
KM-1 well site area. As with the original well pad, the bunds were constructed from top soil removed from
the well site. A filter drain is installed outside of the bunds to prevent surface water ponding on surrounding
land.

•

The boundary between the KM-1 well site and KM-1 well site extension is formed using gabion baskets. A
concrete ramp connects the two areas.

•

A covered perimeter ditch is installed around the perimeter of the well pad, to collect surface water runoff
from the KM-1 well site extension. Water collecting in the perimeter ditch at the KM-1 well site extension
discharges into the perimeter drains on the original well site. The drainage ditch has a base 0.5m in width
with sides angled at 45o and to a total depth of 1m. A perforated twin-walled 300mm plastic pipe sits in
the base of the drain and is covered by Type B granular stone which is then overlaid by geotextile
membrane.

•

A 1mm fully welded high density polyethylene (HDPE) membrane is emplaced across the KM-1 well site
extension, incorporating the perimeter ditch and bunds. This is protected (overlain and underlain) by a
non-woven needle punched geotextile layer. A geogrid sits above the geotextile and is covered with Type
1 stone suitable for a hardstanding area.
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•

2.5

A drilling cellar was constructed in the middle of the well pad providing a containment area and enabling
the housing of the KM-8 well. Steel casing with a 1.17m diameter was installed below the base of the cellar
to provide stability and protection of the soil during the initial stages of drilling. The cellar was constructed
using 2.7m internal diameter pre-cast concrete rings. The cellar rings were sealed together using a
tokstick sealant and a 200mm concrete jacket surround cast. The impermeable membrane from
across the KM-1 well site extension was integrated into the cellar walls to ensure no infiltration arose
from above. The drilling cellar was surrounded by a concrete pad (15 x 11m) to provide structural
support to the drilling rig.
Surface Water Management

Surface water management is discussed in Ref. 1 and also in Chapter 2 of the environmental report accompanying
the planning application.
The site utilises perimeter ditches and drains to manage clean surface water runoff.
During normal production operations, clean surface water is discharged to an adjacent watercourse (Sugar Hill
Drain), on the western boundary of the site. Discharge occurs as required, depending on storage capacity within
the perimeter ditches, hardstanding areas, and the occurrence of rainfall events.
During non-routine operations, e.g. workovers and drilling operations, surface water is contained on the site to
prevent any potentially contaminated surface water being discharged to the Sugar Hill Drain. Water that is not
suitable for discharge is tankered away to an Environment Agency authorised facility.
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3
3.1

HYDROLOGY
Catchment Characterisation

The River Seven is located approximately 2.5km west of the site and flows to the south. Costa Beck is located
approximately 1.5km east of the site and flows to the southeast.
The ground around the site drains to the southwest following local topography and the majority of surface water
runoff in the area is intercepted by a series of field drains draining towards Ackland Beck and Costa Beck. The
Ackland Beck confluences with the Costa Beck approximately 3.5km southeast of the site, which then flows east
towards the River Rye.
The hydrological catchment descriptors relating to the site and adjacent land have been derived from the Flood
Estimation Handbook (FEH) CD-ROM 3 [Ref. 9] and are provided in Table 3. The hydrological setting of the area is
presented on Figure 1.
Table 3

Hydrological Catchment Descriptors
Descriptor

Abbreviation

Value

Catchment Area

AREA

3.89km2

Mean Catchment Altitude

ALTBAR

28m

Mean direction of all drainage path slopes

ASPBAR

174 degrees

Base Flow Index associated with each HOST soil class

BFIHOST

31.3%

Proportion of time when soil moisture deficit was equal to, or below, 6mm
during 1961-1990

PROPWET

0.32 (i.e. 32% of the
time)

Average Annual Rainfall (1961 – 1990)

SAAR

656mm

Extent of urban and suburban land within catchment

URBEXT2000

0.0109

Description of location of urban / suburban areas within catchment

URBLOC2000

1.555

Concentration of catchment urbanisation (quantification of connectivity of
urban and suburban areas)

URBCONC2000

0.889

Standard Percentage Runoff associated with each HOST soil class

SPRHOST

39.65%

The standard average annual rainfall (SAAR) value is 656mm. The SPRHOST value indicates that the proportion of
runoff within the catchment is 39.65%, which is a moderate value and suggests that the majority of runoff enters
surface water courses, rather than infiltrates to ground. The BFIHOST value is 31.3%, which indicates that there is a
low to moderate groundwater component in the river discharge. The low URBLOC2000 and URBCONC2000 values
confirm the rural nature of the catchment. This is consistent with the site setting and known hydrogeological setting
presented in Section 5.
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4

GEOLOGY

The geological setting of the area has been characterised using information from:
•

British Geological Survey (BGS); 1:50 000 scale map sheet 53 (Pickering) [Ref. 10].

•

Development of a scheme of surface water and groundwater monitoring at the site in January 2015 [Ref.
11].

•

Driller’s logs from the construction of groundwater monitoring boreholes at the site in November –
December 2015 [Ref. 12].

•

Geological data from the construction of the wells at the site [Ref. 13 - 15].

An excerpt from the geological map and cross section are presented on Figures 3 and 4.
4.1

Regional Geology

4.1.1

Superficial deposits

Superficial deposits are present throughout the VoP and comprise mainly Lacustrine Deposits, with areas of
Alluvium along some watercourses and pockets of Sand and Gravel deposits and Glacial Till. The thickness and
composition of the superficial deposits is highly variable [Ref. 16]. However, based on interpretation of BGS
borehole records and information obtained during the development of a scheme of surface water and groundwater
monitoring at the site [Ref. 11], superficial deposits in the region of 10m thick are expected close to the site and are
composed predominantly of clay and sand; underlain by weathered bedrock.
4.1.2

Bedrock geology

The bedrock geology in the vicinity of the site is characterised by Jurassic age strata. The site is underlain by the
Kimmeridge Clay Formation, which stretches from Helmsley in the west to Filey on the east coast. The Kimmeridge
Clay Formation is underlain by the Corallian Group, which outcrops approximately 5km south and 5km northeast
of the site and occupies a band stretching from Filey in the east, westwards towards Helmsley and the Hambleton
Hills, and then south-eastwards towards Malton. The Corallian Group is underlain by the Oxford Clay Formation,
the Ravenscar Group and the Lias Group.
The Jurassic age strata are underlain by the Penarth and Mercia Mudstone Groups, and the Sherwood Sandstone
Group of Triassic age, which are in turn underlain by Permian and Carboniferous age bedrock.
4.1.3

Structural geology

The strata in the VoP are intersected by a series of east-west and northwest-southeast trending faults. The faults
have resulted in the strata being downthrown, and the Kimmeridge Clay Formation subcropping beneath the
superficial deposits (see Figure 4).
BGS mapping indicates that a fault is present across the northern part of the site, trending in an east-west direction
and downthrowing the strata to the north. This fault results in a difference in the thickness of geological strata
beneath the KM-1 well site and the KM-1 well site extension, which is presented in Section 4.2. The next closest
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fault is located approximately 750m to the south trending in an east-west direction and downthrowing the strata
to the north.
The VoP is bounded by the Vale of Pickering Fault located approximately 5km to the northeast and the CoxwoldGilling-Linton Fault located approximately 5km south of the site, where the Corallian Group outcrops at surface.
Beneath the site, the strata dips at a shallow angle towards the northeast.
4.2

Site Specific Geology

The BGS 1:50,000 scale mapping for the area [Ref. 10] shows that the site is directly underlain by Glacial Till over
the northern half of the site (the site extension), and that the southern half is directly underlain by the Kimmeridge
Clay Formation, with no superficial cover. However, drilling records from the construction of 5 no. water monitoring
boreholes at the site show that between 0.3 – 5.5m of top soil and disturbed/made ground is present, overlying
weathered Kimmeridge Clay Formation [Ref. 12]. It is therefore considered that the whole site is underlain by
superficial deposits, which overlie Kimmeridge Clay Formation.
The expected geology at the site is summarised in Table 4. Thicknesses of the top ~230m of strata is based on drilling
records from the construction of water monitoring boreholes [Ref. 12], whilst the thickness of the deeper geology
is based on geological data from the construction of KM-1, KM-3 and KM-8 [Ref. 13 - 15]. These thicknesses
correlate well with BGS mapping data.
Table 4

Expected Geological Sequence at the Site
Thickness (m)

Depth to Base of
Strata (mbgl)

Age

Group / Formation

Description

Quaternary /
Upper Jurassic

Superficial Deposits /
weathered Kimmeridge
Clay Formation

Glacial Till/Lacustrine Deposits (clay
and sand) / weathered Kimmeridge
Clay Formation

~10

~10

~10

~10

Kimmeridge Clay Formation

Mudstone and muddy limestone

166

179

176

189

Corallian Group

Limestone, sandstone, siltstone and
mudstone

109

113

285

302

Oxford Clay Formation

Mudstone, grey-green

Osgodby and Cayton
Clay Formations

Sandstone, limestone, siltstone and
mudstone

92

Ravenscar Group
(estuarine series) and
Dogger Formation

Sandstone, siltstone and mudstone

179

161

556

530

Lias Group

Mudstone and limestone

396

362

952

892

Penarth and Mercia
Mudstone Groups

Mudstone with siltstone and
evaporite

28

177

980

1069

Sherwood Sandstone
Group

Sandstone with occasional beds of
mudstone and siltstone

196

170

1176

1239

Upper Jurassic

Middle Jurassic

Lower Jurassic

Triassic

Ref: P:\TE Reg Support 2018 (2332)\40 - Reporting\2 - KMA\KMA_HRA_v4.docx
Rev: 08/05/18

*KM-1
*KM-1
*KM-1
*KM-1
Well Site
Well Site
Well Site
Well Site
Extension
Extension

34
33

336
377

369

Page 9 of 30

Envireau Water
Thickness (m)

Depth to Base of
Strata (mbgl)

Age

Group / Formation

Description

Permian

Zechstein Group

Mudstone and limestone with
evaporite

499*

386

1675

1625

Millstone Grit Group

Sandstone, mudstone and thin coals

>268

359

>1943

1984

Bowland Shale

Mudstone, limestone and sandstone

Carboniferous

*KM-1
*KM-1
*KM-1
*KM-1
Well Site
Well Site
Well Site
Well Site
Extension
Extension

>1115

>3099

*Note that the proven thickness of bedrock strata at the KM-1 well site is based on geological data from KM-3 and at the KM-1 well site
extension is based on geological data from KM-8. Geological strata thicknesses vary over short distances depending on location relative to
geological faulting.
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5

HYDROGEOLOGY

5.1

Terminology

The geological strata can be grouped into ‘hydrostratigraphic units’ based on their hydrogeological 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 extremely 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). 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. 17], 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.
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. 17]. However, default
values may be subject to change based on local/site specific information.
5.2

Aquifers

The presence of aquifers at the site has been assessed using information from the Environment Agency publications
– the physical properties of major aquifers in England and Wales [Ref. 18], the physical properties of minor aquifers
in England and Wales [Ref. 19] and the Environment Agency’s updated groundwater vulnerability mapping [Ref.
20].
The assessment takes account of the terminology described in Section 5.1 and local information gained from the
development of a scheme of surface water and groundwater monitoring, construction of water monitoring
boreholes, and monitoring of surface water and groundwater at the site [Ref. 11, 12, 21, 22].
Ref: P:\TE Reg Support 2018 (2332)\40 - Reporting\2 - KMA\KMA_HRA_v4.docx
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5.2.1

Recent deposits

The superficial deposits in the VoP are classed as a Secondary aquifer. The deposits are predominantly comprised
of clay and sand, and are targeted locally to provide low yielding sources for domestic use. The Lacustrine Deposits
and Glacial Till, together with the weathered upper part of the Kimmeridge Clay Formation are considered to form
a water bearing layer, and based on groundwater monitoring data obtained from the water monitoring boreholes
at the site together with observations made of water levels on wells and boreholes in the wider area [Ref. 21, 22],
represented by a “water table” ranging from <1m to ~10m below ground level. As such, this system is expected to
be connected to and support surface water features.
5.2.2

Jurassic strata

The Kimmeridge Clay Formation is predominantly argillaceous although the weathered top of the formation and
thin limestone bands within the un-weathered formation may be water bearing and is considered capable of
supporting low yields [Ref. 19]. Overall however, the Kimmeridge Clay Formation has a very low permeability and
is classed as Unproductive, and separates surface water and shallow groundwater systems from the deeper
groundwater system in the Corallian Group.
The underlying Corallian Group is a Principal aquifer of regional importance and is used extensively for water supply
around Pickering and Scarborough [Ref. 18] but on account of the proven thickness of the overlying Kimmeridge
Clay Formation at the site, is not targeted in the local area and does not locally support surface water features. As
shown on Figure 4, the Corallian Group beneath the site is likely to be structurally disconnected from the Corallian
strata at Pickering and Scarborough by geological faulting within the VoP.
The Corallian Group is underlain by the Oxford Clay Formation, which is classed as Unproductive, and provides a
vertical hydraulic break between the Corallian aquifer and deeper formations. The formations beneath the Oxford
Clay Formation have either very limited or no resource value as defined by UKTAG [Ref. 17].
The Osgodby Formation, which underlies the Oxford Clay Formation, is classed as a Secondary Aquifer and is of
particular importance for agricultural supplies in some parts of the VoP and around Ampleforth [Ref. 19]. The
Osgodby Formation is present at the site at depths in excess of 300m below ground level which means it is not
considered a significant groundwater resource and is not targeted for abstraction locally due to its depth at this
location. The same can be said for the Ravenscar Group and Dogger Formation, which rest conformably on
~approximately 400m of the Lias Group, which acts as Unproductive strata at this location.
5.2.3

Triassic, Permian & Carboniferous strata

The Penarth Group is classed as Unproductive strata and the Mercia Mudstone Group is a Secondary aquifer.
However, due to its excessive depth at the location of the site, the Mercia Mudstone Group will also act as
Unproductive strata at this location due to its depth.
The Sherwood Sandstone is considered a Principal aquifer on a regional scale, where it is at or close to outcrop.
However, in the VoP the Sherwood Sandstone is present at depths of ~600m or more (see Figure 4) and contains
extremely saline formation water. Recharge to the sandstone at this depth is essentially non-existent, which is
reflected in the quality of the formation water as discussed in Section 5.4. This means that it is not exploited or a
potential target for drinking water or industrial supply (see Section 6).

Ref: P:\TE Reg Support 2018 (2332)\40 - Reporting\2 - KMA\KMA_HRA_v4.docx
Rev: 08/05/18

Page 12 of 30

Envireau Water
The base of the Mercia Mudstone is located at approximately 1000m below ground level. Together with the ~400m
of Unproductive Lias Group above, these formations provide a significant hydraulic break between shallow
groundwater systems and deeper water bearing formations in the Triassic, Permian and Carboniferous that contain
highly saline, formation water (brines) and have no resource value.
5.3

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.
There are mapped faults in the geological sequence beneath the site and BGS geological mapping data [Ref. 10]
shows that there is a fault running across the northern part of the site, at surface (see Figure 3), which downthrows
strata to the north by 50m or more (see Figure 4).
Faulting in argillaceous bedrock such at the Kimmeridge Clay Formation, Lias Group, Mercia Mudstone Group and
top of the Permian sequence present beneath the site will have a low hydraulic connectivity and act as barriers to
flow. This is evidenced in the VoP through the distinct differences in water quality between shallow groundwater
in the superficial deposits and weathered Kimmeridge Clay Formation, the water quality in the Corallian aquifer,
and the presence of formation brines in the strata that underlies the Mercia Mudstone Group (see Section 5.4).
5.4

Water Quality

5.4.1

Recent deposits & Jurassic strata

Groundwater chemistry and quality in the VoP has been the subject of several studies recently. This includes a
baseline monitoring programme carried out by the BGS [Ref. 23] and Third Energy’s own studies at the KM-A well
site [Ref. 21, 22] and the PK well site [Ref. 24].
The studies demonstrate that groundwater from different formations exhibit markedly different chemistry and that
useful groundwater in the VoP is limited to the superficial deposits and the weathered top of the Kimmeridge Clay
Formation.
Water contained in the Corallian aquifer that is present beneath the Kimmeridge Clay Formation is highly
mineralised and of poor quality due to the limited potential for aquifer recharge.
5.4.2

Triassic strata

The quality of water obtained from the Sherwood Sandstone depends on the distance from outcrop and the depth
of the formation. Water in the deep formation is generally much older and has a more evolved chemistry than that
in shallow aquifers because the water at depth has had longer to equilibrate with the formation material, including
the fine sediments and matrix cements.
The quality of water in the Sherwood Sandstone in the VoP has been the subject of several studies, which
demonstrate that the Sherwood Sandstone contains highly saline formation water; with a salinity greater than
seawater [Ref. 25, 26].
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5.4.3

Permian strata

The KAF is the principal target for Third Energy’s gas production wells in the VoP and laboratory data available from
producing wells confirms that the KAF formation water is of extremely low quality, is highly saline and contains
significant hydrocarbons [Ref. 25, 26].
5.5

Conceptual Hydrogeological Model

Based on the preceding data review, the conceptual hydrogeological model for the site is illustrated on Figure 5 and
can be summarised as follows:
•

There are four hydrostratigraphic units – namely:
o

The Superficial Deposits, Kimmeridge Clay Formation and Corallian Group (Layer 1)

o

The Oxford Clay Formation, Middle Jurassic (Osgodby and Cayton Clay Formations, Ravenscar
Group and Dogger Formation), Lower Jurassic (Lias Group), and the Penarth and Mercia Mudstone
Groups (Layer 2)

o

The Sherwood Sandstone Group (Layer 3)

o

The Permian and Carboniferous – Zechstein Group, Millstone Grit Group (Layer 4)

•

The lateral variation in geology is controlled by dip and faulting.

•

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

Layer 1 can be taken as having useful hydraulic conductivity and storage.

o

Layer 2 is poorly permeable (very low hydraulic conductivity) and has limited storage.

o

Layer 3 has useful hydraulic conductivity and storage.

o

Layer 4 has limited hydraulic conductivity and storage. Poorly permeable clay and mudstone
horizons at the top of the Permian effectively separate the Permian from the overlying Triassic
water bearing formation.

•

There is no vertical movement of water between the layers.

•

Natural recharge to the formations in Layer 1 is limited to the outcrop and subcrop areas. The upper part
of this layer (Superficial Deposits and weathered Kimmeridge Clay Formation) is connected to and supports
surface water features.

•

Layer 2 comprises Unproductive strata in excess of 600m in thickness and provides a significant vertical
hydraulic break between useful groundwater in Layer 1 and formation waters contained in Layers 3 and 4.

•

Layers 3 and 4 are at great depth and contain highly saline formation brines, with no resource value. There
is no active recharge to these layers and these layers are not connected to surface water features.
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6

ENVIRONMENTAL SETTING

The environmental setting has been characterised within a 2km search radius of the site using data from the
Environment Agency, Ryedale District Council, Natural England and the BGS. The features described in the following
sub sections are presented on Figure 6.
6.1

Surface Water Features

Surface water features within 2km of the site have been identified from 1:25,000 Ordnance Survey mapping. The
locations of the surface water features are presented on Figure 6 and their details are summarised in Table 5.
Table 5

Surface Water Features

Reference
on Figure 6

6.2
6.2.1

Name

Distance
from Site

Approx. Elevation
(mAOD)

Description

A

Sugar Hill Drain and
associated field
drainage system

Adjacent

20-40

Large field drainage system located around
the site, draining towards Ackland Beck
and Costa Beck. Located on Glacial Till,
Lacustrine deposits and Kimmeridge Clay
Formation.

B

Pond at Alma Farm

0.4km

37

Small pond located on Glacial Till deposits.

C

Pond at Sandlands
Farm

0.8km

37

D

Ponds at Kirby
Misperton

1.2km

30

E

Lake associated with
the Costa Beck

1.5km

22

F

Costa Beck

1.5km

22

Medium sized river flowing in a southeasterly direction.

G

Ackland Beck

1.7km

22

Small sized river flowing in a south-easterly
direction.

Large pond located on Glacial Till deposits.
Ponds located on Glacial Till deposits.
Large lake located on Lacustrine deposits.

Protected Rights
Licensed abstractions

Environment Agency records indicate that there are two abstraction licences (surface water) within a 2km radius
of the site at Flamingo Land Zoo and Elm Tree Farm. The Flamingo Land licence is located approximately 1.6km
northeast and the Elm Tree Farm licence is located approximately 1.7km east of the site. Both licences are for
abstraction of water from the Costa Beck and are associated with agricultural use. The locations of the abstractions
are shown on Figure 6 and the licence details are summarised in Table C1 in Appendix C.
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6.2.2

Deregulated licences

Environment Agency records indicate that there are no deregulated licences within a 2km radius of the site.
6.3

Private Water Supplies (PWS)

A search of Ryedale District Borough Council’s register 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 register of PWS may be incomplete. Based on the data collected during
the development of the scheme of monitoring for the site in 2015, two PWS were identified in the 2km radius; the
locations of which are presented on Figure 6 and details summarised in Table C2 in Appendix C.
6.4

BGS Water Well Records

A search of the BGS boreholes and wells online database has been undertaken, which (excluding the water
monitoring boreholes at the site) has identified nine borehole records within a 2km radius of the site. All the
reviewed records relate to boreholes or wells targeting either the Superficial Deposits or the Kimmeridge Clay
Formation.
The closest of the borehole records are located approximately 300m west and south of the site at Alma Farm
and Kirby-O-Carr. The deepest boreholes are located some 1.8km away at Elm Tree Farm.
The locations of the borehole records are presented on Figure 6 and their details are summarised in Table C3 in
Appendix C.
6.5

Groundwater Dependent Terrestrial Ecosystems (GWDTEs)

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.
6.6

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 Pickering, approximately
6km northeast of the site.
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.
6.7

Summary

The environmental searches validate the conceptual model presented in Section 5.5. Local groundwater and
surface water features are dependent on shallow groundwater within the superficial deposits and the Kimmeridge
Clay Formation. No local features are supported from groundwater originating from the deeper formations.
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7

HYDROGEOLOGICAL RISK ASSESSMENT

7.1

Assessment Methodology

A hydrogeological risk assessment (HRA) has been carried out in accordance with the Source-Pathway-Receptor (SP-R) approach described in GL III [Ref. 2] and the methodology in the Environment Agency’s technical guidance [Ref.
4]. The basis of the risk assessment method is the selection of an appropriate level of detail for the assessment.
Ref. 4 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 consented works at the site are well understood and mitigation measures for the operation of onshore oil and
gas sites are clearly defined, tested and known to work. Therefore, a semi-qualitative (Tier 1/2) assessment is
considered to be an appropriate level of assessment in this case.
The assessment method, scoring and risk calculation is presented in Appendix D.
7.2

Hazard Identification

Based on the hydrogeological conceptual model in Section 5.5, the hazards associated with the consented works
at the site are presented in Table 6 along with potential S-P-R linkages. Hazards identified include:
1) Leakage/spills of produced water, hydrocarbons and other fluids stored on, or transported to/from, the
site.
2) Fuel spillage/leaks from plant and machinery used during routine (gas production, separation of produced
water, transport of gases and liquids) and non-routine operations (consented future drilling and
workovers) at the site.
3) Creation of vertical pathways during construction of new wells.
4) Loss of drilling fluids and grout during new drilling activities.
5) Migration of hydrocarbons and produced water.
6) Mobilisation of contaminated soils and fuel spillage from plant and machinery during soil stripping and
landforming during restoration.
The conceptual model and environmental setting shows the relevant receptors for the above hazards are:
•

The surface water drainage system in the vicinity of the site.

•

The Superficial Deposits/Kimmeridge Clay Formation aquifer.

•

Local private water supplies supported by surface water and shallow groundwater in the Superficial
Deposits and Kimmeridge Clay Formation.

•

The Corallian aquifer, which is classified as a Principal aquifer and exploited for drinking water north of
Pickering.
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•

Deep water bearing formations (e.g. Sherwood Sandstone formation) that are present beneath the Mercia
Mudstone Group, which are exploited for potable and other uses in the Vale of York.

Based on the hydrological conceptual model at the site, it is considered by Envireau Water that there are no
plausible S-P-R linkages (no pathway) between surface activities such as leakages and spills during routine and nonroutine activities to the Corallian aquifer and deeper water bearing formations beneath the Mercia Mudstone at
the site.
It is also considered by Envireau Water that there are no plausible S-P-R linkages between the horizontal/vertical
migration or transmission along faults of hydrocarbons and produced water present in deep geological formations
to the surface water drainage system, Superficial Deposits/Kimmeridge Clay Formation aquifer, local private water
supplies and Corallian aquifer.
Therefore, potential risks to these receptors have been scoped out of the assessment at this stage.
7.3

Risk Assessment Summary

A risk assessment has been carried out based on the identified hazards in accordance with the methodology
presented in Appendix D and a summary is presented in Table 6.
As described in the sub-sections below, the risk assessment considers the significance of a hazard occurring, based
on receptor sensitivity and magnitude. The likelihood of a hazard occurring has been assigned taking account of
the embedded mitigation that is already present within the operation and management of the site activities. In
some cases, additional mitigation is proposed to further reduce potential risk.
7.3.1

Receptor sensitivity

Receptor sensitivity has been assigned in accordance with Table 1 in Appendix D.
The surface water drainage system, Superficial Deposits/Kimmeridge Clay Formation aquifer, and local private
water supplies (that target the shallow formations) have all been conservatively assigned a Very High sensitivity;
recognising the interconnection between these features and the importance of the surface water and shallow
groundwater system for providing water for drinking and agricultural uses at a local scale.
The Corallian aquifer is conservatively assigned a High sensitivity; recognising its status as a Principal aquifer at a
regional scale.
The deep water bearing formations that are present beneath the Mercia Mudstone are assigned a Very High
sensitivity where they are present at outcrop (in the Vale of York) but are assigned a Low sensitivity on account of
their limited or no resource value at the site.
7.3.2

Magnitude of impact

Magnitude of Impact has been assigned with reference to Table 2 in Appendix D, and is a conservative assessment
based on the contamination of receptors with produced water/hydrocarbons.
If the surface water drainage system, Superficial Deposits/Kimmeridge Clay Formation aquifer, and/or local private
water supplies became contaminated, the magnitude of the impact would be classed as High because there could
be a major change to the water quality.
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The magnitude of impact of contamination of the Corallian aquifer at the site is classed as Low because it contains
poor quality water and is not exploited at a local scale.
The magnitude of impact of contamination of the deeper water bearing formations is classed as High where they
outcrop in the Vale of York but Very Low at the site, where they contain very poor quality water with no resource
value.
7.3.3

Significance of effect

Significance of Effect is the significance of a hazard occurring (before consideration of the likelihood that it will
occur), and has been assigned with reference to Table 3 in Appendix D. It follows that there are:
•

Major effects to the surface water drainage system, Superficial Deposits/Kimmeridge Clay Formation
aquifer, and local private water supplies.

•

Moderate effects to the Corallian aquifer at the site.

•

Major effects to the deeper water bearing formations that are present beneath the Mercia Mudstone
where they outcrop in the Vale of York but Negligible effects to these formations at the site.
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Table 6

Risk Assessment Summary

Site restoration

Well abandonment

Development of a
new well

Routine maintenance

Workovers

Groundwater
monitoring

Gas production

Hazard

Produced water
injection

Consented Work - Activity

Source (S)

Receptors (R)

Pathway (P)

Surface water drainage system

Leakage/spills of produced
water, hydrocarbons and
other fluids stored on, or
transported to/from, the
site

Fuel spillage/leaks from
plant and machinery used
during routine and nonroutine operations at the
site

X

X

X

X

X

Creation of vertical
pathways

X

X

Loss of drilling fluids and
grout during new drilling
activities

X

X

X

X

X

X

X

X

Downwards
movement
between
formations

Migration of hydrocarbons
and produced water

X

X

X

X

Leakage through
well casings and
annuli

Mobilisation of
contaminated soils and fuel
spillage from plant and
machinery during soil
stripping and landforming

X

Significance of
Effect

Likelihood of
Occurrence

Risk Analysis
(with embedded
mitigation)

Y

Very High

High

Major

Unlikely

Low

Y

Very High

High

Major

Unlikely

Low

Y

Very High

High

Major

Very Unlikely

Very Low

N

Surface water drainage system

Y

Very High

High

Major

Very Unlikely

Very Low

Y

Very High

High

Major

Very Unlikely

Very Low

Y

Very High

High

Major

Very Unlikely

Very Low

Additional Mitigation

As part of the EPR review, existing
storage tanks will be replaced with
double skinned (bunded) tanks.
Alternatively, permanent bunds will be
constructed around the existing tanks
and any water collecting will be
manually emptied through pumping. A
ground investigation will be carried out
where necessary to confirm the low
permeability of the materials that make
up the base of the site. A traffic
management plan will be implemented
to minimise potential for collisions
during non-routine operations.

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

Likelihood of
Occurrence After
Additional
Mitigation

Residual Risk

Very Unlikely

Very Low

Very Unlikely

Very Low

Very Unlikely

Very Low

Very Unlikely

Very Low

Very Unlikely

Very Low

Very Unlikely

Very Low

Very Unlikely

Very Low

Very Unlikely

Very Low

Very Unlikely

Very Low

N

Water bearing formations beneath the Mercia
Mudstone Group (at outcrop)

N

Surface water drainage system

Y

Very High

High

Major

Unlikely

Low

Superficial Deposits/Kimmeridge Clay Formation
aquifer

Y

Very High

High

Major

Unlikely

Low
Site investigation will be carried out
where necessary to identify and remove
potentially contaminated soils.

Private water supplies targeting Superficial
Deposits and Kimmeridge Clay Formation

Y

Very High

High

Major

Unlikely

Low

Corallian aquifer

Y

High

Low

Moderate

Unlikely

Very Low

Very Unlikely

None

Water bearing formations beneath the Mercia
Mudstone Group

Y

Low

Very Low

Negligible

Unlikely

None

Very Unlikely

None

Surface water drainage system

Y

Very High

High

Major

Moderate

Medium

Unlikely

Low

Y

Very High

High

Major

Moderate

Medium

Unlikely

Low

Y

Very High

High

Major

Moderate

Medium

Unlikely

Low

Corallian aquifer

Y

High

Low

Moderate

Moderate

Low

Unlikely

Very Low

Water bearing formations beneath the Mercia
Mudstone Group

Y

Low

Very Low

Negligible

Moderate

None

Unlikely

None

Surface water drainage system

N

Superficial Deposits/Kimmeridge Clay Formation
aquifer

N

Horizontal and
vertical migration
Private water supplies targeting Superficial
of fluids;
Deposits and Kimmeridge Clay Formation
transmission along
faults
Corallian aquifer
Hydrocarbons and
produced water
present in deep
geological
formations and
production /
injection wells

Magnitude of
Impact

N

Superficial Deposits/Kimmeridge Clay Formation
aquifer
Fluids and grout Migration from the
used during
wellbore into
Private water supplies targeting Superficial
workover and
permeable
Deposits and Kimmeridge Clay Formation
drilling operations
formations

X

Receptor
Sensitivity

Water bearing formations beneath the Mercia
Mudstone Group

Superficial Deposits/Kimmeridge Clay Formation
Runoff to surface aquifer
Plant and
waters; downwards
machinery used
leakage through Private water supplies targeting Superficial
during routine and
site liner and
Deposits and Kimmeridge Clay Formation
non-routine
underlying
operations
deposits
Corallian aquifer

Made ground and
contaminated soils
at the site

X

X

Superficial Deposits/Kimmeridge Clay Formation
Runoff to surface aquifer
waters; downwards
Storage tanks and
leakage through Private water supplies targeting Superficial
pipework, road
site liner and
Deposits and Kimmeridge Clay Formation
tankers
underlying
deposits
Corallian aquifer

S-P-R
Linkage

Drilling (in Layer 1) will be undertaken
using conventional water well
techniques. Reverse circulation dri;lling
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7.4

Likelihood of Occurrence

The Likelihood of Occurrence has been assigned with reference to Table 4 in Appendix D and takes account of the
hydrogeological conceptual model and embedded mitigation. The embedded mitigation measures, which relate to
the construction and management of the site and the wells are described in detail in Ref. 1 and are summarised in
Table 7 below.
Table 7

Embedded Mitigation

Mitigation

Description

Construction of the
site

The site has been constructed using a low permeability base (clay liner) that provides a hydraulic break and low
velocity layer between the site and underlying superficial deposits and bedrock. The liner allows any fluid spillage at
the site to be cleaned up before it can migrate downwards through the liner.

Surface water
management

A perimeter drain is installed around the site to prevent rainfall running directly from the site into the local surface
watercourses (field drains). The surface of the site is graded inwards to concentrate rainfall accumulation towards the
centre of the site.
All runoff within the site is directed into the site’s surface water drainage system, which under normal operational (gas
production) conditions discharges via an oil interceptor to the adjacent field drain (Sugar Hill Drain). As part of the
surface water management plan for the site, the discharge is routinely checked.
During workovers or other significant maintenance activities at the site, water is not allowed to discharge to the Sugar
Hill Drain until it has been checked for visible oil and grease. If the water is not suitable for discharge, then it is
contained within the surface water drainage system and tankered from the site for disposal at an Environment Agency
approved facility.
Above ground storage tanks for the storage of glycol and corrosion inhibitor (used in the separators) are only filled to
50% capacity and are fitted with spill guards to prevent small spills and leaks entering the drainage system. The
condition of the storage tanks and spill guards is checked daily to identify leaks as part of Third Energy’s routine
maintenance and inspection protocols.

Construction of the
wells

Construction of the wells has been carried out to prevent vertical migration of fluids between different hydro
stratigraphic units; with each casing string cemented and pressure tested on completion.
Groundwater monitoring boreholes are constructed in accordance with Environment Agency good practice.

Routine testing and
maintenance of the
wells

In accordance with DCR and BSOR regulations [Ref. 27, 28], Third Energy continually monitors and tests the wells
to ensure integrity is maintained. The site is connected remotely to KGS control room. Any changes in pressure results
in wells being shut in where necessary and investigated. There is a requirement to ensure no loss of fluid to the
environment.

Routine
maintenance of
plant and
machinery

Plant and equipment is regularly inspected for leakage. Spill kits are available on site to deal with any unexpected
leakage.

Based on the embedded mitigation in place, the likelihood of the identified hazards occurring are all considered
Unlikely or Very Unlikely, with the exception of:
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•

The likelihood of the loss of drilling fluids and grout during new drilling activities via migration from the
wellbore into permeable formations impacting on the surface water drainage system, Superficial
Deposits/Kimmeridge Clay Formation aquifer, local private water supplies, Corallian aquifer and water
bearing formations beneath the Mercia Mudstone Group, which is considered Moderate.

•

The likelihood of the migration of hydrocarbons and produced water present in deep geological formations
via horizontal/vertical migration of fluids or transmission along faults impacting on water bearing
formations beneath the Mercia Mudstone Group, which is considered Moderate.

7.5

Risk Analysis

A qualitative risk analysis has been carried out in accordance with Table 5 in Appendix D.
It follows that the vast majority of potential risks are either Very Low or None. However, there are potentially Low
risks to the surface water drainage system and Superficial Deposits/Kimmeridge Clay Formation aquifer from
leakage/spills.
7.5.1

Additional mitigation

As listed in Table 6, additional mitigation measures are proposed to further reduce the potential risk and include
the following:
•

Existing storage tanks will be replaced with double skinned (bunded) tanks where required to ensure
containment measures meet Environment Agency guidance. Alternatively, permanent bunds will be
constructed around the existing tanks and any water collecting will be manually emptied through pumping.
These measures have been identified through the environmental permitting review process that is
currently underway to bring all UK onshore oil and gas facilities in line with Environment Agency good
practice and will be undertaken as part of Third Energy’s ongoing upgrade programme.

•

A ground investigation will be carried out where necessary to confirm the low permeability of the materials
that make up the base of the site.

•

A traffic management plan will be implemented to minimise potential for tanker collisions during nonroutine operations, e.g. workovers and drilling activities.

•

As part of the construction of the consented new well, site investigation will be carried out where necessary
to identify and remove potentially contaminated soils. Drilling (in Layer 1) will be undertaken using
conventional water well techniques. Reverse circulation drilling methods will be used where necessary to
minimise losses of water based drilling fluids.

•

During site restoration, earthworks will not be carried out during heavy rainfall. Temporary bunds will be
formed to prevent runoff to surface water.

7.5.2

Residual risk

As shown in Table 6, with the above additional mitigation measures in place, the residual risks for all the identified
hazards would reduce to Low, Very Low or None.
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It is important to note that additional mitigation proposed through the detailed environmental permit review
process that is currently underway are not required to make the site acceptable in planning and land use terms.
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8

FLOOD RISK ASSESSMENT

8.1

Assessment Methodology

This Flood Risk Assessment (FRA) has been written and submitted in accordance with the National Planning Policy
Framework (NPPF) March 2012 [Ref. 5] and the accompanying online resource, National Planning Practice
Guidance (NPPG): Flood Risk and Coastal Change 2014 [Ref. 6].
The principal objectives of this assessment are to demonstrate that the application to extend the lifetime of site
will not cause any increased flood risk.
8.2
8.2.1

Flood Risk Planning Policy & Other Guidance
Environment Agency flood risk zones

An extract of the Environment Agency Flood Map for Planning (Rivers and Sea) for the site and local surrounding
area is presented in Figure 7.
The site is situated wholly within Flood Zone 1 (very low risk of flooding from rivers and the sea). This is consistent
with the inland location and absence of major watercourses in the immediate vicinity of the site. Additionally, the
site is located on land gently sloping, at a gradient of approximately 1:50, to the southwest and therefore the
principal direction of water movement is away from site.
8.2.2

Flood risk vulnerability classifications

The flood risk vulnerability associated with the site are ‘less vulnerable’, as defined by the NPPF [Ref. 5]. The
extension of the lifetime of the site will not change the flood vulnerability and the activities are appropriate for a
development in Flood Zone 1.
8.2.3

Strategic flood risk assessment

District-wide information on flood risk has been obtained from the North East Yorkshire Strategic Flood Risk
Assessment (SFRA) published in 2010 [Ref. 29]. The SFRA provides a comprehensive assessment of the extent and
nature of the major sources of flood risk and resulting implications for land use in the district.
The SFRA illustrates a history of flooding in the districts of North East Yorkshire. Main causes of flooding include;
the River Derwent, the River Rye, pluvial flooding and groundwater flooding. The most recent significant fluvial
flood events associated with the River Derwent occurred in 1999 and 2000. The River Rye caused widespread
flooding in June 2005.
Local flooding within Kirby Misperton has occurred along Costa Beck with the Flamingo Land Resort tourist
attraction experiencing significant flood damage in recent years. The site, however, is a significant distance from
Costa Beck and is unlikely to be impacted by flooding events along Costa Beck.
The SFRA does not indicate whether the site has a history of flooding from either pluvial, fluvial or sewer flooding.
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8.3

Flood Risk Consideration

The current risk of flooding to the site from different sources is assessed in the following sub-sections.
8.3.1

Risk of flooding from the sea (Tidal)

The site is inland and not at risk of flooding from the sea. Local watercourses are not tidally influenced.
8.3.2

Risk of flooding from rivers and streams (Fluvial)

The site is located wholly within Flood Zone 1 and has a very low probability of flooding from both tidal and river
flooding. The site is located a minimum of approximately 2km from the nearest beck or river and furthermore is
located on gently sloping land which will enable any water to flow away from the site.
8.3.3

Risk of flooding from surface water (Pluvial)

Surface water flooding occurs when rainwater does not drain away or soak into the ground but lies on or flows over
the ground surface. Areas that are most vulnerable to surface water flooding are low lying areas where surface
water runoff can accumulate.
The updated Environment Agency Flood Map for Surface Water classifies the risk from surface water flooding using
the following four categories:
•
•
•
•

High – Greater than a 3.3% probability of occurrence in any given year;
Medium – Between a 1%-3.3% probability of occurrence in any given year;
Low – Between a 0.1%-1% probability of occurrence in any given year; and
Very Low – Less than a 0.1% probability of occurrence in any given year.

An extract of the Surface Water Flood Map for the site and surrounding local area is presented in Figure 8. The site
is characterised by a low to very low risk of surface water flooding. The gentle sloping of the land assists in the
movement of surface water away from the site. Furthermore, the managed drainage system on site will prevent
any accumulation of surface water.
A localised area of high-risk can be observed to the west of the site which is associated with local undulations in the
topography. This shallow “pooling” water can be safely and sufficiently managed.
8.3.4

Risk of flooding from groundwater

Groundwater flooding is the emergence of groundwater at the ground surface. Groundwater flooding occurs in
response to a combination of already high groundwater levels (usually during mid or late winter) and intense or
unusually lengthy storm events.
Shallow groundwater levels are expected to be close to surface (see Section 5). However, there is no risk of
groundwater flooding because:
•

The site is constructed using low permeability materials that prevent upwards (and downwards) vertical
movement of groundwater; and
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•

8.3.5

The filter drains installed around the perimeter of the original site and outside the bunded area of the site
extension provide groundwater level control. The shallow groundwater system is unconfined and drains
into Sugar Hill Drain.
Risk of flooding from public sewers

The site does not connect to any local sewer or drainage network. Consequently, there is no flood risk associated
with sewers.
8.3.6

Risk of flooding from artificial waterbodies

There are no reservoirs upstream or downstream of the site. Similarly, there are no canals upstream or downstream
of the site. Consequently, there is no flood risk associated with reservoirs and canals.
8.3.7

Risk of flooding from roads

The site is located away from paved roads and situated at a higher elevation than the site access track. The
perimeter filter drain around the site hydraulically isolates the site from the track. Consequently, there is no flood
risk associated with roads.
8.3.8

Flooding from other upstream sources

Costa Beck and its associated floodplains are situated some 1.6km northeast of the site. Costa Beck is located in a
separate hydrological catchment and will not generate flooding at the site.
There are no other watercourses up gradient of the site that would generate flooding at the site. The site is
hydraulically isolated from the surrounding land by earth bunds and perimeter drains.
8.3.9

Flooding to other downstream receptors

Clean surface water is allowed to discharge from the site to Sugar Hill Drain during normal production operations.
The Sugar Hill Drain is part of a large field drainage system that drains towards Ackland Beck and Costa Beck, and is
the natural drainage route for surface water runoff from the site. Discharge from the site will not exceed the
greenfield run-off rate and therefore there is no downstream flood risk.
Surface water at the site is carefully managed during non-routine site activities, e.g. workovers and drilling
operations. This ensures that surface water is contained on site and removed, where necessary, from the site by
tanker to an accredited waste disposal facility and therefore there is no downstream flood risk.
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8.3.10 Summary of Potential Flood Risk
A summary of the potential sources of flood risk to the site are provided below in Table 8.
Table 8

Flood Risk Summary
Flood Source

Existing Potential Risk
No Risk

Tidal

X

Fluvial

X

Pluvial

Very Low

Low

Medium

High

X

Groundwater

X

Public Sewers

X

Roads

X

Risk to Upstream Sources

X

Risk to Downstream Receptors

x
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9

SUMMARY

A hydrogeological conceptual model has been developed and a hydrogeological risk assessment (HRA) and flood
risk assessment (FRA) has been carried out in accordance with technical guidance.
The HRA has identified hazards associated with the current activities surrounding the injection of produced water
and also those which would arise from future site activities which have already been consented. These risks include;
leakage/spills of produced water, hydrocarbons or other fluids used/produced on site or transported to/from site,
fuel spills/leaks from plant and machinery used during non-routine operations at the site, creation of vertical
pathways, loss of drilling fluids and grout during new drilling activities, migration of hydrocarbons and produced
water and mobilisation of contaminated soils and fuel spillage from plant and machinery during soil stripping and
landforming.
Potential receptors include the surface water drainage system in the vicinity of the site, the Superficial
Deposits/Kimmeridge Clay Formation aquifer, local private water supplies supported by surface water and shallow
groundwater in the Superficial Deposits and Kimmeridge Clay Formation, the Corallian aquifer and deeper water
bearing formations beneath the Mercia Mudstone Group.
The HRA has been carried out conservatively and shows that with the embedded and additional mitigation
measures in place, the residual risk to receptors for all the identified hazards are reduced to either ‘low’, ‘very low’
or ‘none’. It is important to note that additional mitigation proposed through the detailed environmental permit
review process that is currently underway are not required to make the site acceptable in planning and land use
terms.
The FRA demonstrates:
•

The site is wholly located within Environment Agency Flood Zone 1 (very low probability of flooding from
tidal and fluvial sources). This is consistent with the inland location, absence of major watercourses in the
immediate vicinity of the site and gentle gradient of the land.

•

The overall existing risk of flooding from groundwater, public sewers, artificial waterbodies and roads to
and from the extension area is considered none / very low.

•

The risk of surface water flooding at the site is considered low to very low. Surface water generated on the
site as a result of any non-routine activity is collected and removed from site via tankers.

The HRA and FRA demonstrate that there are no significant impacts associated with extending the lifetime of the
site. Since the planning application is to extend the lifetime of the existing site, there are no cumulative impacts to
consider.
Envireau Water
08 May 2018
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VOP Well Sites Summary
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Table A1

Summary of production wells within Vale of Pickering

Well Site

Well

Construction
Year

Function

Pickering (PK)

PK-1

1991/1992

Production well – suspended.
Modified in 2017 to permit re-injection of produced water.

PK-2

2009

Production well.

KM-1

1985

Production well – suspended.

KM-3

1987

Produce water injection well.

KM-7

2012

Production well – suspended. Sidetrack from KM-1.

KM-8

2013

Production well – not yet in service.

KM-5

2009

Production well. Formerly KM-2, KM-4.

KM- 6

2011

Production well – suspended.

Malton A (MN-A)

MN-1

1970

Production well – suspended.

Malton B (MN-B)

MN-4

1985

Production well – suspended. Formerly MN-2, MN-3.

Marishes (Mn)

MS-2z

2001

Production well. Sidetrack from MS-2 (formerly MS-1).

MS-3y

2004

Production well. Sidetrack from MS-3z (formerly MS-3).

Kirby Misperton A
(KM-A)

Kirby Misperton B
(KM-B)
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APPENDIX B
Site Layout Plans
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APPENDIX C
Water Features
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Table C1
Source No.
on Figure 6
1
2

Licensed Abstractions within 2km
Licence No.
2/27/25/240
2/27/25/160

Table C2
Source No. on
Figure 6
3
4
Table C3

Point of
Abstraction
Costa Beck
Costa Beck

Location

Easting

Northing

Flamingo Land Zoo
Elm Tree Farm

478020
478740

480230
479280

Distance
from Site
1.6km
1.7km

Private Water Supplies within 2km
Location

Easting

Northing

Distance from Site

West Farm
Elm Tree Farm

477969
478910

477489
478770

1.7km
1.8km

BGS Records within 2km

Source No.
on Figure 6

BGS Ref.

Location

5

SE77/3A

Kirby-O-Carr

6

SE77/39B &
70

Elm Tree Farm

7

SE77/39A

Elm Tree Farm

8

SE77/3B

Kirby-O-Carr

9

SE77/69

Sugar Hill (Alma
Farm)

10

SE77/52

California Farm

11

SE77/6A

Shortten Hall

12

SE77/57

Shortten Hall

13

SE77/58

Gosling Green
Farm

Aquifer
Kimmeridge
Clay Formation
Kimmeridge
Clay Formation
Kimmeridge
Clay Formation
Superficial
Deposits
Superficial
Deposits
Superficial
Deposits
Superficial
Deposits
Superficial
Deposits
Superficial
Deposits

Easting

Northing

Distance
from Site

477100

478610

0.3km

478910

478770

1.8km

478940

478740

1.8km

477100

478610

0.3km

476790

478970

0.3km

475940

478400

1.3km

476860

477450

1.5km

476500

477400

1.6km

476880

477200

1.7km
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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 in accordance with 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

Very High

High

Receptor Sensitivity

Description

Water resource with an importance and
rarity at an international level with
limited potential for substitution.

Water resource with a high quality and
rarity at a national or regional level and
limited potential for substitution.

Examples

•

A water resource making up a vital component of an 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

•

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

Ref: P:\TE Reg Support 2018 (2332)\40 - Reporting\2 - KMA\Appendices\App D\App D_RA methodology.docx
Rev: 08/05/2018

Appendices

Envireau Water
Receptor
Sensitivity

Description

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.

Low

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

Examples

•

Secondary aquifer providing potable water to a small population

•

An aquifer providing abstraction water for agricultural and industrial
use

•

A non ‘main’ river or stream or other water body without significant
ecological habitat

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

High

Medium

Low

Very Low

Magnitude of Impact

Description

Results in a major change to
attributes.

Results in impact on integrity of
attribute or loss of part of
attribute.

Results in minor impact to
attributes.

Results in an impact on attribute
but of insignificant magnitude to
affect use and/or integrity.

Examples

•

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

•

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

•

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

•

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
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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
Magnitude of Impact

Receptor Sensitivity
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

Highly Likely

Likely

Moderate

Unlikely

Very Unlikely

Description

High probability of occurrence

On balance could occur

Equally likely/unlikely

On balance wouldn’t occur

Very low probability of
occurrence

Examples

•

Spillage at a poorly maintained and operated facility

•

Uncontrolled activity in or on an aquifer, close to surface water

•

Uncontrolled known discharge

•

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

•

Unmitigated, low risk

•

Controllable activity

•

Partially contained site

•

Mitigated higher risk

•

Simple, controllable activity

•

Underlain by poorly permeable strata

•

Existing contained site

•

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.
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Table 5

Qualitative Risk Analysis
Significance of Effect

Qualitative
Likelihood of
Occurrence

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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