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12. Water Resources, Drainage and
Flood Risk
Introduction and Scoping
12.1.

This Chapter of the ES assesses the likely significant effects of the extension to Linhay Hill Quarry
with regard to water resources, drainage and flood risk in line with the specifications of the Scoping
Opinion January 2016. The Chapter describes the methods used to assess the effects, the baseline
conditions currently existing at the Site and surrounding area, the mitigation measures required to
prevent, reduce or offset significant negative effects; and the likely residual effects after these
measures have been adopted.

12.2.

This Chapter is a revision made in response to the Reg 22 Request issued by the DNPA on 22
February 2020 and incorporates the additional information as requested. This follows and refines
an earlier revision which was made in response to the Reg 22 Request issued by the DNPA in
December 2016 which incorporated additional information as requested by the Environment
Agency in the consultation responses dated 2 August 2016 and 8 September 2016. That revision
also responded to points made in Highway England’s consultation response dated 25 July 2016.

12.3.

The chapter is based on Hydrogeological Impact Assessments which form Appendix 12C
(produced in 2020), Appendix 12B (produced in 2018) and Appendix 12A (produced in 2016), and
a Flood Risk Assessment which is a separate document within the Planning Application. The
Hydrogeological Impact Assessment produced in 2020 (HIA 2020) includes information gathered
since 2016 and largely supersedes the 2018 and 2016 assessments.

Policy Context
National Planning Policy Framework 2012 and 2018
12.4.

The general thrust of the National Planning Policy Framework in relation to water resources is the
avoidance of pollution, and wherever possible to improve water quality. It also requires that
inappropriate development in areas at risk of flooding should be avoided by directing development
away from areas at highest risk, but where development is necessary, making it safe for its lifetime
without increasing flood risk elsewhere.

12.5.

The Planning Practice Guidance section on Flood Risk and Coastal Change
(https://www.gov.uk/guidance/flood-risk-and-coastal-change) sets how that policy should be
implemented. That includes the requirement for Local Plans to be supported by Strategic Flood
Risk Assessment and to develop policies to manage flood risk from all sources, and that Local
Plans “should apply a sequential, risk-based approach to the location of development – taking
account of the impacts of climate change – so as to avoid, where possible flood risk to people and
property (NPPF 2018). The approach to managing residual risk is also outlined.

Dartmoor National Park Policy
12.6.

Flood risk and drainage are addressed in Core Strategy Policy COR9 Flooding - protection and
prevention, and COR 24 Water Resources. Policy COR9 is concerned with application of the
Sequential Test to reduce the risk of flooding and requires appropriate flood protection and
resistance and sustainable drainage systems to be incorporated into development proposals.
Policy COR24 seeks to protect the quality and yield of water resources, including abstraction sites,
groundwater, rivers, streams and still waters.

12.7.

The Dartmoor National Park Authority has prepared Strategic Flood Risk Assessments (SFRA) to
define the strategic drivers for implementation of its policy COR9. Those identify Ashburton as a
local centre with a history of flooding and include a detailed SFRA for the Chuley Road Masterplan
area of Ashburton. The aim of that study was to provide a detailed understanding of flood risk and
hazard from flooding from the River Ashburn and Balland Stream to inform future planning
decisions in Ashburton.
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12.8.

Core Strategy Policies COR1 Sustainable development, and COR8 regarding sustainable and
efficient use of natural resources, also make reference to flood risk and drainage. Policy COR1
seeks:




12.9.

“the conservation of the quality and quantity of natural resources including water, …;
allowance for the natural drainage of surface water;
the avoidance of new development and a reduction in vulnerability of redevelopment carried
out within medium to high risk flood zones.”

Policy COR8 looks for development to use natural resources in efficient and sustainable ways
including the following aims:
“(iii) incorporating sustainable drainage and water conservation systems;
(iv) having no adverse effects on drainage patterns or flood storage capacity”.

12.10.

The Development Management and Delivery DPD (the ‘DMD’) document refers to the SFRA and
has requirements regarding surface water, drainage and flood in several of its potentially relevant
policies:




12.11.

Policy DMD3: Sustaining the quality of places in Dartmoor National Park includes reference
to surface water and flooding: “Development proposals should help to sustain good quality
places in Dartmoor National Park by:….disposing of surface water in accordance with
sustainable methods that minimise the risk of flooding of property and land or the pollution of
watercourses”.
Policy DMD34: “Agricultural, forestry and rural business related development Agricultural,
forestry and other rural enterprise related non-residential development will be permitted
where the proposal complies with the following criteria:…….(v) it will not cause unacceptable
harm to biodiversity, geodiversity and archaeological and cultural heritage assets, natural
drainage or soil stability”.

In Part 3.2 ‘Local Centres – Ashburton’ only refers to surface water, drainage and flood risk in
relation to requirements under its proposal ASH2 concerning 3.5 ha of land at Chuley Road,
identified for redevelopment for mixed use.

Devon County Council Policy
12.12.

The Devon County Council Minerals and Waste Development Framework Strategic Flood Risk
Assessment (SFRA) March 2013 provides an overview of flood risk in Devon and accompanying
guidance.

12.13.

Devon County Council is the Lead Local Flood Authority under the Flood and Water Management
Act and is responsible for managing local flood risk in Devon from surface water, groundwater and
consenting and enforcement on Ordinary Watercourses. Devon County Council’s ‘Devon Local
Flood Risk Management Strategy 2014-2020’ is a statutory document to which Risk Management
Authorities must adhere to.

12.14.

Also of relevance to the quarry extension and associated infrastructure drainage design and flood
risk mitigation is Devon County Council’s requirement to ensure that SuDS are included on new
developments. The Council has produced Sustainable Drainage Systems (SUDS) guidance, May
2014, to be adhered to and which broadly aligns with the requirements of the DEFRA / Environment
Agency publication Rainfall runoff management for developments, Report – SC030219, October
2013 and the comprehensive CIRIA C753 The SuDS Manual 2015.

Teignbridge District Council Policy
12.15.

Linhay Hill Quarry and surrounding land lies within the Ashburton and Buckfastleigh ward of
Teignbridge District Council. Teignbridge District Council’s Strategic Flood Risk mapping available
online shows flood risk areas.
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Assessment Methodology and Significance Criteria
Methodology
12.16.

The assessment methodology has been to prepare a Hydrogeological Impact Assessment and a
Flood Risk Assessment to understand in detail the potential for effects on the water environment
associated with the proposed quarry extension. There were common aspects to those studies
including desktop research, site visits and investigations to obtain baseline, local and historical
information. The findings of those studies, which are detailed in the HIA 2020, have been utilised
to identify which aspects of the water environment are likely to be significantly affected, and how
the effects can be mitigated.

12.17.

The primary focus, defined as the ‘Study Area’, of the HIA 2020 is on the outcrop of the Chercombe
Bridge Limestone Formation (CBLF), which is mined by the quarry, and the surrounding
topographic catchment, although consideration has also been given to potential hydraulic
connections with more distal geological units, water features and water users. The main outcrop of
the CBLF extends from Ashburton in the southwest to an area immediately to the northeast of
Bickington. Smaller outcrops of the CBLF have been mapped between Ashburton and
Buckfastleigh in the southwest, between Bickington and Liverton in the northeast and in the valley
of the River Lemon south of Mile End, approximately 4 km east of Bickington.

12.18.

The HIA 2020 applies the approach outlined in the Environment Agency’s Science Report –
SC040020/SR1 Hydrogeological impact appraisal for dewatering abstractions, 2007, which details
both a standard sequential fourteen step methodology for appraising potential dewatering effects
and an approach specifically for karst groundwater systems where the heterogeneity of the
groundwater system means there are difficulties in the reliable prediction of hydrogeological
effects. The karst groundwater system entails an eight step ‘monitor and mitigate’ approach which
has the following relationship with the fourteen step methodology. The first two steps of both
approaches entail establishing the regional water resource status and developing a conceptual
model for the abstraction and surrounding area; and those steps are detailed in Section 4 of the
HIA 2020 (HIA 2020).

12.19.

Steps 3 to 12 of the fourteen step approach relate to predictions but become step K3 ‘identify
sensitive sites’, and steps 13 to 14 of the fourteen step approach are subdivided to become:






Step K4: Commence preliminary monitoring at those sites.
Step K5: Design and demonstrate effective mitigation measures for the sensitive sites.
Step K6: Specify trigger levels for the mitigation measures.
Step K7: Continue surveillance monitoring at the sensitive sites.
Step K8: If necessary, implement mitigation measures when trigger levels have been passed1.

12.20.

Both methodologies are iterated until the required level of confidence is achieved. As required by
the EA’s consultation responses dated 2 August 2016 and 8 September 2016, the HIA 2020, and
the previous HIA 2018) cover steps K1 to K3 and include step K4, though the preliminary monitoring
will continue to gather data. The HIA 2020 also details effective mitigation measures (Step K5) for
sensitive sites, specifies trigger levels for the mitigation measures (Step K6), provides a plan for
continued surveillance monitoring at sensitive sites (Step K7) and for implementation of the
mitigation measures if trigger levels are passed (Step K8). Steps K5 to K8 will be reviewed as
necessary and flexibly as part of a tiered risk-based approach informed by the continued
surveillance monitoring, the overall aims of the eight step approach and main fourteen step
methodology being the same.

12.21.

The HIA 2020 Section 4 provides the geological, ground investigation and testing, hydrological and
hydrogeological evidence for a hydrogeological conceptual model of the buried karst limestone
environment of the CBLF in which the Linhay Hill Quarry lies, as a heterogeneous groundwater
flow system with discrete flow pathways through a system of fractures and conduits.
The
conceptual model highlights several constraints on the future extent of dewatering impacts, and
the HIA 2020 delineates an inferred maximum extent of drawdown following the proposed
deepening and extension of the quarry. Whilst the projected maximum extent of groundwater

1

See page 95 of Environment Agency’s Science Report – SC040020/SR1.
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drawdown is based on a detailed conceptual model of the site and multiple lines of evidence, it
remains subject to residual uncertainty therefore the HIA 2020 proposes ongoing monitoring of
groundwater levels both within and beyond the inferred maximum drawdown area with triggers for
reassessment of receptors and update to the adaptive monitoring and mitigation programme, in
line with current Environment Agency guidance on karst dewatering assessments.
12.22.

The Flood Risk Assessment, which is presented as a separate document submitted with the
planning application for the quarry extension, was carried out in general accordance with the
DEFRA flood risk standing advice for local planning (www.gov.uk/planning-applications-assessingflood-risk) and the guidance listed below:





BS 8533:2011 Assessing and managing flood risk in development – Code of practice.
BS 8582:2013 Code of practice for surface water management for development sites.
Environment Agency report SC030219 Rainfall runoff managements for developments,
October 2013.
CIRIA C753 The SuDs Manual, 2015.

The study is also broadly in line with a Level 2 Flood Risk Assessment as described in CIRIA
publication C624 Development and Flood Risk, 2004.
12.23.

The Flood Risk Assessment provides a site specific study which identifies and assess the risks of
flooding to and from the proposed quarry extension and associated infrastructure works. The study
outlines how those flood risks will be managed so that flood risk is mitigated throughout the lifetime
of the development proposal, taking climate change into account, to ensure that flood risk off-site
will not be adversely affected. The finding and proposals of the HIA 2020 have not affected the
Flood Risk Assessment as submitted in July 2016.

Significance Criteria
12.24.

The relative terms described in the following tables have been used to classify the importance of
the water resources which may be affected by the quarry extension and the magnitude of a
potential effect. The indicators used to make a judgement on the importance of a feature under
consideration are quality (as a measure of physical condition), scale (such as regional or local),
rarity (i.e. commonplace or scarce) and substitutability (i.e. replaceable over a specific timeframe),
The significance criteria have been prepared with reference to general EIA guidance, for example,
guidance within the DoT TAG Unit A3 EIA (May 2019) and DMRB Sustainability & Environmental
Appraisal LA113 Road drainage and the water environment (March 2020) publications, adapted to
take account of the nature of the development and the characteristics of the local water
environment as illustrated by ESs prepared for mineral developments in limestone elsewhere.

12.25.

The significance and magnitude criteria provide a means for identifying effects for which mitigation
measures may be required and for determining the nature of the mitigation measures. The
significance of effects is assessed taking account of the identified mitigation measures.

Table 12-1

Water Resource Importance

Importance

Criteria

High

Feature with a high
yield, quality or rarity,
regional or national
scale and limited
potential for
substitution.

Examples of Water Resource Features with indicators of their
Quality, Scale, or Rarity
- Water Framework Directive (WFD) overall water body ‘high
status’.
- Principal aquifer providing potable water to a large population.
- Source Protection Zone 1 or 2 of a groundwater abstraction
point.
- Statutory protected site where the designation is based
specifically on aquatic features - SSSI (or higher protective
designation such as NNR, SAC, SPA, or Ramsar).
- Watercourse widely used for recreation, directly related to
watercourse quality (swimming, boating, trout or salmon
fishery).
- Active floodplain area or important in relation to flood defence,
or land use type defined as ‘highly vulnerable development or
essential infrastructure’ in the NPPF flood risk vulnerability
classification.
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Importance

Criteria

Examples of Water Resource Features with indicators of their
Quality, Scale, or Rarity

Medium

Feature with high
yield, quality and
rarity, local scale and
limited potential for
substitution, or feature
with a medium yield,
quality and rarity,
regional or national
scale and limited
potential for
substitution.

-

-

-

Low

Feature with medium
yield, quality and
rarity, local scale and
limited potential for
substitution, or feature
with a low quality and
rarity, regional or
national scale and
some potential for
substitution.

-

-

-

Minimal

Table 12-2

Commonplace
features with a low
yield, quality and
rarity, local scale and
good potential for
substitution.
Environmental
equilibrium is stable
and resilient to
changes that are
greater than natural
fluctuations, without
detriment to its
present character.

-

WFD overall water body ‘good status’.
Principal or secondary aquifer providing potable water to a
small population.
Source Protection Zone 3 of a groundwater abstraction point.
A biodiversity site with a local designation (CWS, LNR) where
the designation is based specifically on aquatic features, or an
undesignated area with a high/moderately water dependent
ecosystem or groundwater dependent terrestrial ecosystem
(GWDTE).
Watercourse used for recreation, directly related to
watercourse quality (swimming, notable trout and salmon
fishery).
Active floodplain area of some importance to flood defence, or
land use type defined as ‘more vulnerable development’ in the
NPPF flood risk vulnerability classification.
‘Moderate’ WFD overall water body status or potential WFD
water body.
Principal or Secondary Aquifer or surface water providing
unlicensed abstraction water for agricultural or industrial use or
private water supply.
Other wildlife sites which have may have value for wildlife
(OSWI, UWS) with a water dependent ecosystem or an
undesignated area with a water dependent ecosystem.
Watercourse not widely used for recreation, or recreation use
not directly related to watercourse quality.
Medium yield spring catchment.
Flood plain with limited existing development or land use type
defined as ‘less vulnerable development’ in the NPPF flood risk
vulnerability classification.
‘Poor’ or ‘bad’ status or non reportable WFD water body or non
WFD water body.
Secondary aquifer not used for drinking water supplies or
unproductive strata.
Watercourse that is heavily engineered, artificially modified or
dries up during summer months.
Low yield spring catchment
Area not at risk of flooding or land use type defined as ‘water
compatible development’ in the NPPF flood risk vulnerability
classification.

Magnitude of Impacts on the Water Resource Environment

Magnitude of
Impact (Change)
Major

Criteria

Description and Examples

Results in
total loss or
major /
substantial
alteration of
feature.

Widespread changes affecting an essential part of the water
environment. For example:
- Extensive changes to watercourse channel, route, hydrology or
hydrodynamics; groundwater flow regime or water levels.
- Loss or enhancement of designated species/habitats.
- Change in water quality status, or major changes to the water
chemistry or hydro-ecology.
- Substantial change in flood storage or flood risk affecting important
infrastructure or inhabited properties.
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Magnitude of
Impact (Change)

Criteria

Moderate

Results in
effect on
integrity of key
elements or
attributes of
feature, or
loss of part of
feature.

- Pollution or clean-up of public or private drinking water source.
Material effect but not affecting an essential part of the water
environment, not system wide but of greater than local significance. For
example:
- Some distinct changes to watercourses, hydrology or
hydrodynamics.
- Distinct changes to site resulting in an increase in runoff within
system capacity.
- Distinct changes to groundwater recharge, flow mechanisms or
water levels.
- Distinct changes to erosion and sedimentation patterns.
- Change to a proportion of the effluent in the receiving water, but
insufficient to change to its water quality status.
- Distinct change to flood storage or flood risk affecting infrastructure
or a small number of inhabited properties.
Results in
Measurable but slight non-material change to the water environment at
minor effect
a local scale. For example:
on feature or - Discernible change to a watercourse, hydrology or hydrodynamics.
its attributes. - Discernible increase in runoff well within the drainage system
capacity.
- Discernible changes to groundwater recharge, flow mechanisms or
water levels.
- Discernible measurable change in water quality, but of limited size
and over limited geographical scale.
- Minor change to flood storage or flood risk with few effects on
people or property.
Results in an No perceptible changes to the water environment. For example:
effect on
- No alteration or very minor changes with no discernible effect to
feature but of
watercourses, hydrology, hydrodynamics, erosion or sedimentation
insufficient
patterns.
magnitude to - Discharges to watercourse but no change in quality, fisheries
affect the use,
productivity or biodiversity.
integrity or
- No change in flood risk.
quality.
- No change to the quality of private or public drinking water
resources.

Minor

Negligible

12.26.

In addition the magnitude of an effect will vary with duration and a qualitative description of the
effect duration is given as follows:






12.27.

Description and Examples

Temporary: lasting for the duration of construction works (e.g. Stage 0)
Short-term: within the first year of quarry operation in the extension area (e.g. within Stage
1a).
Medium-term: extending over 1-10 years from the start of operation (e.g. Stage 1a).
Long-term: extending beyond 10 years from the start of operation (e.g. to Stage 5).
Permanent: lasting for the duration of development i.e. post restoration.

It is important to appreciate that effects can be either beneficial or adverse. The criteria in Tables
12-1 and 12-2 have been used to assign receptor importance and magnitude to the predicted
effects to give an assessment of the overall significance of the effects as per the criteria in the
following Table 12-3.
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Table 12-3

Criteria for Estimating the Significance of Potential Effects on the Water Environment

Importance of
water resource
feature

Magnitude of potential effect (Change)

Minimal

Neutral - Not Neutral - not
significant
significant

Not significant or Not significant or
slight significance slight significance

Low

Neutral - not Not significant or
significant
slight significance

Not significant or Slight significance Slight or
slight significance
moderate
significance

Medium

Neutral - not Not significant or
significant
slight significance

Slight
significance

Moderate
significance

High

Neutral - not Slight significance
significant

Slight or
moderate
significance

Moderate or large Large or
significance
very large
significance

No change

Negligible

Minor

Moderate

Major
Slight
significance

Moderate or
large
significance

12.28.

Where the significance level in Table 12-3 is shown as being one of two alternatives, the resulting
level has been assigned using reasoned judgement taking account of the evidence about the
nature of the effect.

12.29.

In this ES, the effects which are of moderate significance or above are considered to be significant
in relation to the EIA Regulations.

Baseline Conditions and Water Environment Features
Existing Site Details
12.30.

Linhay Hill Quarry is situated approximately 1 km northeast of Ashburton. It is broadly rectangular
in outline, with its longest axis aligned roughly northeast-southwest, parallel to the alignment of the
A38 dual carriageway. It lies at the top of the catchment of the Balland Stream, which flows
southwest to the River Ashburn, a tributary of the River Dart. The quarry works a southwestnortheast trending outcrop of the Chercombe Bridge Limestone Formation as shown by Figure 121, and full details of the geology, hydrology and hydrogeology of the area are provided in the HIA
2020.

12.31.

The primary focus (Study Area) of the hydrogeological impact assessment is on the outcrop of the
CBLF, although consideration has also been given to potential hydraulic connections with more
distal geological units, water features and water users. The main outcrop of the CBLF extends from
Ashburton in the southwest to an area immediately to the northeast of Bickington. Smaller outcrops
of the CBLF have been mapped between Ashburton and Buckfastleigh in the southwest, between
Bickington and Liverton in the northeast and in the valley of the River Lemon south of Mile End,
approximately 4 km east of Bickington.

12.32.

The outcrop of the CBLF within which Linhay Hill Quarry is developed covers an area of some 300
hectares, extending from Ashburton to Bickington. The quarry is located where the outcrop is at its
widest (some 1000 metres northwest to southeast), but the quarry footprint is narrower lying
between the A38 dual carriageway to the southeast and the geological boundary with the Tavy
Formation to the north. On BGS Map Sheets 338 (BGS, Dartmoor Forest: England and Wales,
Sheet338. Solid and Drift Geology. 1:50,000, 1995) and 339 the bedding within the Chercombe
Bridge Limestone Formation strikes between approximately 030 and 065 degrees (relative to
Ordnance Survey Grid North) and dips between approximately 33 and 68 degrees towards the
southeast.

12.33.

Several thrust faults are indicated near Linhay Hill Quarry on BGS Map Sheet 338, showing older
rocks to have been thrust over younger rocks. A major thrust fault is located immediately north of
the quarry, aligned southwest to northeast, which is probably a continuation of the Bickington
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Thrust. The limestone has been thrust onto the younger slates of the Tavy Formation, which
outcrop to the northwest. A second thrust fault is shown on Geological Map Sheet 338 (BGS,
Dartmoor Forest: England and Wales, Sheet338. Solid and Drift Geology. 1:50,000, 1995) at the
western and southern extent of the limestone outcrop where it marks the contact between the
limestone and the Foxley Tuff Formation. These extrusive igneous rocks have been thrust over the
Chercombe Bridge Limestone and outcrop as a narrow (less than 500m wide) strip along the entire
southern edge of the Limestone outcrop, extending to Bickington (approximately 2.3km northeast
of the existing quarry).
Figure 12-1 Geological map of the area around the quarry and simplified geological cross-section
showing the existing quarry excavation (purple outline) and the proposed quarry extension (red
outline). Map and cross-section adapted from BGS Map sheet 338 (BGS, 1995) and sheet 339 (BGS,
1997). The cross-section shown on BGS map sheet 338 has been re-drawn by Atkins to show the
extent of Linhay Hill Quarry in the context of the bedrock
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12.34.

The southwest-northeast trending thrust faults that bound the Chercombe Bridge Limestone
outcrop are believed to dip towards the southeast at angles broadly consistent with the bedding in
the limestone (approximately 33 to 43 degrees near Linhay Hill Quarry). In addition, a north to
south trending fault is shown by the BGS near the alignment of the Caton stream which flows south
along Caton Lane, as described further in HIA 2020. The tectonic history of the area, including
faulting and folding, has resulted in fracturing (jointing) of the limestone, as can be observed in the
quarry where the joints have acted as preferential zones of dissolution associated with karst. The
CBLF is designated as a principal aquifer on the basis of its fracture permeability. However, the
CBLF has been defined as a karst aquifer (Waltham, et al., 1997) and hence, a significant
component of groundwater flow occurs in conduits (Ford & Williams, 2007). The other bedrock
units in the vicinity of the site are designated as secondary A aquifers. The permeability of these
secondary A aquifers is largely fracture dependent. Intergranular flow dominates in the areas of
alluvium associated with the River Ashburn, Kester Brook and River Lemon, which are designated
as secondary A aquifers.

12.35.

The existing quarry has planning permission for extraction to 28 m Above Ordnance Datum (AOD),
which will be achieved by the completion of eight 13-15 m deep benches:









Level 1: 125-120 mAOD
Level 2: 120-110 mAOD
Level 3: 110-97 mAOD
Level 4: 97-83 mAOD
Level 5: 83-68 mAOD
Level 6: 68-54 mAOD
Level 7: 54-41 mAOD
Level 8: 41-28 mAOD

12.36.

The base of the quarry lies within Level 7 and the base of the quarry sump extends into Level 8. A
settlement pond, the Balland Pit, lies close to the site’s western boundary. The Balland Pit is a
permanent water body with a surface water area of approximately 18,000 m2 and relatively constant
water levels, ranging from 78 to 80 mAOD. The Balland Pit provides attenuation storage and acts
as a settlement pond to remove suspended solids before the water is recycled in the quarry, with
excess pumped to discharge to the Balland Stream. The quarry utilises a submersible pump to lift
water from the quarry’s lowest level to holding tanks on Level 6, and then other pumps to transfer
that water to the Balland Pit.

12.37.

The area of the proposed extension lies to the northeast of the existing quarry and is situated in an
area of agricultural land that slopes gently towards the south and east. The proposed extension
area is bounded to the southeast by the A38 dual carriageway, which is situated on an embankment
for most of this section. The current elevation of the proposed extension area ranges from
approximately 115 mAOD in the south to approximately 145 mAOD in the north, near to Alston
Farmhouse. It is proposed that the south-western part of the extension area will be excavated (the
‘quarry extension area’), whereas the north-eastern part and a strip alongside the A38 will be used
for bunds of overburden material from the proposed quarry extension area.

12.38.

Annual rainfall in the area typically ranges from 960 mm to 1935 mm, with a long-term average
since 1958 of 1,452 mm. Rainfall is unevenly distributed throughout the year, with relatively wet
winters and dry summers; with, average monthly rainfall in December approximately three times
the value in July. The main surface water features in the area the River Ashburn to which the
Balland Stream flows, and the River Lemon to which the Kester Brook flows, although the River
Dart also flows through the far southwest of the Study Area, approximately 5 km from the quarry.

12.39.

The proposed extension lies close to the watershed between the Balland Stream and the Kester
Brook, the latter flowing east to join the River Lemon 3 km east of Bickington. The existing quarry,
the proposed extension area and the headwaters of the Kester Brook, all lie within a topographic
saddle around 1 km across, running in a south-west to north-east orientation alongside the A38
and adjoined by ridges of higher ground to the northwest and southeast. The headwaters of the
Kester Brook include south flowing streams, referred to as the Caton stream, which flows adjacent
Caton Lane, and also the Samastar stream which flows east from behind the Samastar property at
Caton and then south through Caton Farm, under the A38 and Goodstone to eventually join the
Kester Brook. The Caton stream partly flows to a swallow hole at Caton Farmhouse and partly in
channel around the north of the farmhouse and under the A38 towards the Kester Brook though
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there is no continuous connection by watercourse channel, the stream terminating at a suspected
swallow hole south of the A38. There is also a seasonal watercourse referred to as the Alston
stream, which flows from springs in Alston Wood north east of Alston Farmhouse, and crosses
Alston Farm northwest to southeast close to the watershed between the Balland Stream and Kester
Brook.
12.40.

To the southwest, the valley of the Balland Stream falls away from an elevation of around 100
mAOD near the existing quarry to an elevation of less than 70 mAOD at the confluence of the
Balland Stream and the River Ashburn which joins the River Dart at Buckfast. Beyond 1 km
northeast of the extension area, the terrain falls notably from an elevation of 120 mAOD to less
than 90 mAOD at Higher Lemonford, where a spring from the CBLF provides the source of the
Lemonford stream, which joins the River Lemon at Bickington.

12.41.

The River Dart sits within the Dart, Start Bay and Torbay WFD Operational Catchment. The River
Dart catchment itself has been classified as having ‘moderate’ ecological status under the Water
Framework Directive (WFD), but failed to achieve good chemical status, due to suspected mercury
contamination from atmospheric deposition and contaminated land. The River Dart catchment, as
represented by the Environment Agency Catchment Data Explorer, intersects the southernmost
and westernmost parts of the Study Area, approximately 3.5 km from the quarry. The South Devon
Catchment Abstraction Management Strategy (CAMS) (Environment Agency, 2012) indicates that
there is ‘water available’ (surface water and groundwater) in the Dart catchment during the spring,
autumn and winter (Q30, Q50 and Q70) periods, although in the summer (Q95), water in this
catchment is not available for licensing.

12.42.

The River Ashburn sits within the Dart, Start Bay and Torbay WFD Operational Catchment. Linhay
Quarry also lies within this catchment, which has been classified as having ‘good’ chemical and
ecological status under the WFD. The River Ashburn catchment is represented by the Environment
Agency Catchment Data Explorer, although that representation is not wholly correct for the
topography locally at Alston Farm, where the land to the north of the farm buildings is within the
River Lemon catchment. The South Devon Catchment Abstraction Management Strategy (CAMS)
(Environment Agency, 2012) indicates that there is ‘water available’ (surface water and
groundwater) in the Ashburn catchment during the spring, autumn and winter (Q30, Q50 and Q70)
periods, although in the summer (Q95), water in this catchment is not available for licensing. The
surface water catchment of the Balland Stream lies within the broader catchment of the River
Ashburn, to the north and west of the quarry, although recent investigations indicate that the
groundwater catchment of the Balland Stream seasonally extends to the northeast of the quarry,
beyond the boundary of the proposed extension area.

12.43.

The area of the proposed extension to the quarry lies within the Teign WFD Operational Catchment,
which is a subdivision of the South Devon Management Catchment. The River Lemon is a subcatchment of the Teign catchment and is classified as having ‘good’ chemical status and ‘moderate’
ecological status under the WFD. The River Lemon catchment isError! Reference source not
found. represented by the Environment Agency Catchment Data Explorer, although that
representation incorrectly omits land to the north of Alston Farm, which drains into the River Lemon.
The South Devon Catchment Abstraction Management Strategy (CAMS) states that there is ‘water
available’ (surface water and groundwater) in the River Lemon catchment all year round (Q30 to
Q95). The closest point of the River Lemon to the quarry is approximately 2.3 km to the northeast,
roughly where the river crosses under the A38 at Bickington, although it is not designated a main
river until 2.5 km further downstream, where it passes under the A383. The River Lemon flows
through a zone of the CBLF for approximately 500 m in Bickington.

12.44.

Detailed investigations of surface water features near the quarry indicate a dynamic system, that
responds to large seasonal fluctuations in rainfall, as well as human activities. The water features
and their seasonally-varying nature is highlighted in Figure 12-2, which in addition to the main
watercourses shows numerous intermittent drainage channels, flood exceedance routes and areas
prone to the ponding of water, following heavy rainfall. Anthropogenic factors also affect surface
water flow routes, and those relate to the quarry, to engineered drainage associated with the A38
and to the activities of local landowners
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Figure 12-2 - Hydrological features in the vicinity of Linhay Hill Quarry and locations of flow and water
level monitoring (Figure 4-26 from HIA 2020. Note the figures referred to in the notes are Figures within
the HIA 2020)

12.45.

Streams in the vicinity of the quarry are typically fed by springs, the majority of which lie to the north
of the CBLF outcrop. There are also four historical mine adits in this area, some of which discharge
groundwater and contribute to flow in the Alston stream and Balland Stream catchments,
particularly during winter. The springs are seasonal and flow in several of them ceases during
periods of low rainfall; this can be attributed to seasonal water table fluctuations in the St. Mellion
Formation. The springs to the west of the Alston stream naturally flow into the Balland Stream,
although recent tracer testing conducted at a swallow hole on the Alston stream indicates that the
quarry intercepts a component of flow from the Alston stream itself. This flow emerges within the
quarry at the northeast face fracture, a diagenetic, calcite fracture, approximately 2 to 5 m wide and
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dipping at an angle of 75º to the ESE. The main inflow is located at an elevation of approximately
103 mAOD within the Level 3 face (approximately 97-110 mAOD), although some flow occurs from
the Level 2 and Level 4 faces above and below the observed main inflow. During periods of high
rainfall, typically in winter, the inflow is sufficient to form a steady stream of water. During dry
periods, typically in summer, the inflow reduces to a trickle, although the continuity of flow indicates
that a proportion of the total discharge is maintained by groundwater storage.
12.46.

Along the southeast face of the quarry, seasonal discharges occur, with the majority of the flow via
a conduit, referred to as the southeast face conduit, although during winter, when groundwater
levels in the CBLF are highest, several seepage features discharge to the quarry south east of the
conduit due to the CBLF water table intercepting the quarry face. The water then flows overland to
the Balland Pit.

12.47.

The operational catchment relating to groundwater is the Teign, Avon, Dart and Erme groundwater
body, which covers a 1379 km2 area from north Dartmoor to the estuaries of the rivers Erme, Avon,
Dart and Teign in the south. The overall groundwater body classification is ‘Poor’, based on its
chemical status, which is influenced by ‘Agricultural and rural land management’ and ‘Pollution
from abandoned mines’. The quantitative status of the operational catchment is ‘Good’, and the
quantitative status objective is ‘Good’ by 2015.

12.48.

The closest licensed groundwater abstraction lies approximately 4.5 km to the northeast of Linhay
Hill Quarry. There are licensed surface water abstractions from the River Lemon, just over 2 km to
the northeast of the quarry, and from the River Ashburn, 3.5 km to the west and 4.3 km to the
southwest of the quarry respectively. Information on PWS throughout the Study Area was supplied
by Teignbridge District Council (2020); this information was supplemented by additional site
investigations to verify the status of these PWS and identify any additional PWS that have not been
registered with the council. The locations of all identified PWS in the Study Area are shown in the
HIA 2020.

12.49.

The following features represent current, focussed sources of recharge to the CBLF:

12.50.



the Alston stream swallow hole,



the Caton stream swallow hole,



the Caton stream suspected swallow hole south of the A38.

The following areas represent natural areas of discharge from the CBLF:
1.
2.
3.
4.
5.

the Goodstone springs;
the spring source of the Lemonford stream and the River Lemon;
springs to the northeast of Bickington;
the Balland Stream / River Ashburn, near their confluence; and .
the River Ashburn and the River Dart east of Buckfastleigh.

12.51.

The HIA 2020 estimates the contribution of diffuse recharge within the Study Area by means of a
soil moisture balance model, based on the standard FAO method described by Allen et al. (1998)
and Rushton et al. (2006). The approach provides a conservatively low estimate of recharge to the
CBLF as a whole, because it ignores the contribution of allogenic recharge through sinking streams
and swallow holes. Full details of the methodology applied and results are provided in the HIA
2020.

12.52.

The results indicate an average annual recharge of 928 mm in the quarry itself and 601 mm in the
surrounding areas. This compares to long-term average rainfall of around 1,452 mm. The results
follow a similar pattern to the groundwater hydrographs, which show strong recharge signatures in
both the quarry and surrounding areas between September and March. The boreholes outside of
the quarry show a substantial reduction in recharge during the summer months.

12.53.

Groundwater levels in the vicinity of the quarry, such as those recorded in March 2020 when they
are close to their annual maximum at that time of the year, alongside the elevations of nearby
springs and swallow holes indicate:
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A steep cone of depression focused on the quarry sump, with limited drawdown around the
Balland Pit.
The presence of a groundwater divide close to the quarry’s south-western boundary.
Groundwater to the southwest of that divide few tens of metres west of the ridge around the
Balland Pit, flows away from the quarry, to the southwest, while groundwater to the northeast
of the divide flows north-eastwards, either to the Balland Pit or the quarry sump.
Groundwater levels throughout the CBLF are substantially lower than those in the higher
ground to the north, in the Tavy and Crackington Formations, and to the south, in the Foxley
Tuff and Gurrington Slate Formations. Whilst this difference is most notable at the quarry, it
also exists beyond the quarry’s apparent zone of influence, to the southwest and northeast,
and reflects both the local topography and the higher permeability of the CBLF with respect
to the formations that surround it.
A dominant southerly or south-easterly hydraulic gradient to the east of the current quarry
and an area of south-westerly flow, towards the quarry, within the western part of the
proposed extension area. A groundwater divide, delineating the extent of the quarry’s
groundwater catchment, is likely to be present near the eastern part of the proposed
extension area.
Swallow holes in the Alston and Caton streams that lie several metres above nearby
groundwater levels. The overflowing of the Alston stream swallow hole during winter
indicates surcharging of conduits near the bedrock surface, potentially leading to a degree of
groundwater mounding in the CBLF at this location.
A north-westerly hydraulic gradient near the southern margin of the CBLF, to the southeast of
the quarry. From the available data it is unclear whether a groundwater divide exists south
east of the quarry, whether the south eastern extent of the CBLF lies within the quarry
groundwater catchment, or whether groundwater at this location flows either towards the
Balland Stream or northeast to the Kester Brook.

12.54.

Data collected during an earlier site-wide monitoring event on 2nd October 2019, following slight
recovery of water levels from their annual minima, suggest that there is still a groundwater divide
near the eastern edge of the proposed extension area at that time of the year. Although flow may
have ceased at the swallow holes and some of the springs shown, the available borehole data
indicate similar hydraulic gradients to those apparent in the March 2020 dataset.

12.55.

The results of tracer tests described in the HIA 2020 suggest that the groundwater divide coincides
with the location of the Alston swallow hole, and the water table surface from borehole monitoring
data indicates a groundwater divide at a similar point. The connection of the Alston swallow hole
with the quarry to the southwest, as well as the alignment of the groundwater divide with the west
to east topographic divide at Alston Farm, suggests that the current groundwater divide is a natural
feature and that the Alston stream lay within the catchment of the Balland Stream prior to
establishment of the quarry. The connection of the Alston swallow hole with the quarry to the
southwest, as well as the alignment of the groundwater divide with the topographic divide at Alston
Farm, suggests that the current groundwater divide is a natural feature and that the Alston stream
lay within the catchment of the Balland Stream prior to establishment of the quarry.

12.56.

From the monitoring data it is also apparent that groundwater levels to the southwest of the quarry
are controlled by the elevation of the Balland Stream, and that drawdown from the sump appears
to be superimposed on a natural hydraulic gradient to the southwest, with a groundwater divide
close to the eastern edge of the proposed extension area.

12.57.

Water quality sampling has been carried out, mainly between December 2016 and May 2018, with
additional sampling of groundwater monitoring boreholes in August 2018. The data have been
used to inform the conceptual model, through developing an improved understanding of water flow
and provenance in the area surrounding the quarry, as described in the HIA 2020. The monitoring
of water chemistry within the Study Area suggests that water discharged from the quarry is similar
in quality to nearby surface water bodies. The quarry sump, the Kester Brook and the Lemonford
stream have a signature typical of groundwater boreholes within the CBLF.

12.58.

A water balance estimated for the quarry is presented in the HIA 2020 and shows the following:


Groundwater inflows to the quarry total 819 ML/yr, with more than half of this intercepted by
the quarry sump and the remainder coming from groundwater flows to the Balland Pit and
seepages from the northeast face fracture and southeast face conduit.
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Outflows from the quarry to surrounding groundwater and surface water bodies total 805
ML/yr, comprising pumped discharges to the Balland Stream (747 ML/yr) and infiltration
through the bed of the Balland Pit (58 ML/yr). These outflows are equivalent in magnitude to
approximately a third of all flow in the Balland Stream at Glentor. Analysis of groundwater
levels and tracer testing results suggest that the majority of groundwater inflows to the
quarry come from the catchment of the Balland Stream.
Based on assessment of groundwater levels, the Balland Pit lies within the catchment of the
quarry sump and hence, the water pumped from the sump includes a component of
recirculated water (i.e. water that has previously been discharged from the sump to the
Balland Pit and infiltrated to the CBLF). Net groundwater inflows, excluding water
recirculated through the base of the Balland Pit, total 823 ML/yr when averaged over 2018
and 2019 (or 761 ML/yr when averaged over the full period of the water balance).
The magnitude of flow to the quarry is highly seasonal, with 80% of all groundwater inflows
occurring from October to March and only 8% of groundwater inflows occurring between
June and September, reflecting the seasonal recharge. The strong correlation between
dewatering rates and recharge to the quarry demonstrates that water abstracted by the
quarry is predominantly derived from recently recharged groundwater, rather than from longterm storage within the aquifer.
In July 2019, net inflows of groundwater to the quarry were negligible, as the rate of water
infiltrating through the base of the Balland Pit was equal to the combined rate of inflows to
the quarry sump and the northeast face fracture.

12.59.

These negligible inflows during dry periods, when seasonally low water tables occur, indicate that
near-surface fractures, channels and conduits are the dominant pathways for groundwater to enter
the quarry and that when these become desaturated, the transmissivity of the remainder of the
CBLF drops by more than an order of magnitude. Beyond the quarry boundary, borehole logs and
core samples suggest that the majority of shallow discontinuities are infilled with clay, although
these fractures, channels and conduits still have a greater degree of connectivity than the deeper
parts of the CBLF. Whilst flowing conduits have been observed within the deepest Levels of the
quarry itself, the decline in flow during summer suggests that these conduits are both poorly
connected to the rest of the CBLF and rely on seasonal recharge to a relatively localised catchment.
As such, it is likely that much of the flow to the sump is sustained by recharge within the footprint
of the quarry itself.

12.60.

The rate of groundwater inflow from beyond the quarry boundary can be estimated by comparing
inflows to the quarry from rainfall with total outflows due to evaporation and pumped discharge to
the Balland Stream. In the absence of significant changes in groundwater storage, the rate of
groundwater inflow from beyond the quarry is given by the difference between these inflow and
outflow components.

12.61.

The additional inflows required to complete the water balance reflect the combined influence of
groundwater inflows from beyond the quarry boundary and changes in storage within the CBLF.
The hydrographs for monitoring boreholes beyond the quarry boundary to the north east show a
substantial decline in groundwater levels in the hydrometric year from October 2017 to September
2018, and an increase in groundwater levels of even greater magnitude from October 2018 to
September 2019. By contrast, the same boreholes indicate similar groundwater levels from the
start of 2018 to the end of 2020. As such, storage changes in the CBLF over this period are
considered negligible, giving an estimate of 369 ML/yr for groundwater inflows from beyond the
quarry boundary.

12.62.

A similar estimate can be made by considering the metered inflows to the quarry. Combined flows
from the quarry sump, the northeast face fracture and the southeast face conduit total 614 ML/yr,
with a net contribution of 209 ML/yr from the Balland Pit when averaged per calendar year, giving
net groundwater inflows of 823 ML/yr to the quarry. Estimated recharge to the quarry excavation
accounts for 454 ML/yr, giving a similar estimate of 365 ML/yr for groundwater inflows from beyond
the quarry boundary. This accounts for all measured inflows to the southeast face conduit (35
ML/yr) and northeast face fracture (125 ML/yr), and 30% of combined inflows to the quarry sump
(454 ML/yr) and Balland Pit (240 ML/yr, excluding the contribution of direct rainfall and open-water
evaporation).

12.63.

A final, notable aspect of the water balance presented in the HIA 2020 is the reduction in
dewatering rates in 2018-2019 compared to the previous hydrometric year. This reflects a reduction
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in estimated recharge in the areas of pasture beyond the quarry boundary, a parameter that is
sensitive to the timing of rainfall events as well as the total amount of annual rainfall. The correlation
between estimated recharge and metered discharge rates from the quarry lends greater credibility
to the soil moisture balance model.
12.64.

The HIA 2020 details the parameters used to validate the water balance, such as evaluation of the
flow between the Balland Pit and the CBLF from rising head tests carried out on the Balland Pit,
consideration of its summer flow regime, and the derivation of aquifer properties.

Conceptual Model for the Abstraction and Surrounding Area
12.65.

Full details of the investigations and preliminary monitoring carried out which support the details of
the baseline conditions and water environment features described herein are provided in the HIA
2020. That data collection includes walkover surveys, drilling of boreholes, geophysics,
groundwater and surface water monitoring, hydraulic testing and tracer testing. The tracer testing
has confirmed a connection from the swallow hole at Caton Farmhouse through the CBLF to the
Kester Brook, and also that in some conditions, such as winter ‘high’ groundwater levels,
connections can exist from a swallow hole on the Alston stream to the north east face of the quarry,
and also south east to Kester Brook and east to the Lemonford stream.

12.66.

The HIA 2020 details the following conceptual model for the current hydrology and hydrogeology
of the Study Area and in particular on the influence of the quarry, and which is illustrated in the
three dimensional Figure 12-3:

Figure 12-3 - NW-SE trending conceptual cross-section through quarry and surrounding area with
supporting evidence (Figure 4-29 from the HIA 2020, which also has a SW-NE conceptual cross
section)



The quarry lies within the CBLF, the outcrop of which extends in a southwest-northeast
orientation from Buckfastleigh to just beyond Bickington. Although the mapped extent of the
CBLF is discontinuous, a cross-section on BGS Map Sheet 338 suggests that a relatively
small outcrop near Woodend, around 0.5 km southwest of Ashburton, may be connected to
the much larger outcrop that surrounds the quarry by a thin layer of CBLF below the surface.
Whilst there are insufficient borehole data in this area to confirm whether the CBLF is
continuous at depth between these two mapped outcrops, or between other mapped
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outcrops in the Study Area, it is conservatively assumed that thin subsurface connections
may exist.
In the vicinity of the quarry, the CBLF is located within a topographic saddle, and is flanked
on either side by relatively low permeability formations, which lie on higher ground and are
characterised by groundwater levels that are close to the surface throughout the year. More
than 30 springs emerge from these low permeability formations within the Study Area, with
the majority supplying watercourses that flow onto the CBLF. Groundwater levels in the
CBLF are typically several metres below the level of drainage channels, both in the vicinity of
the quarry and further to the east, beyond the quarry’s groundwater catchment.
The CBLF is a buried karst, in which landforms that would normally provide rapid recharge,
such as sinkholes, and conduits that would normally allow rapid transmission of groundwater
have been filled with low permeability clay material. The relatively low hydraulic conductivity
of the CBLF relative to other carbonate aquifers reflects the influence of this clayey infill,
although active karst features, including around 20 caves and 10 springs that discharge from
the CBLF, have been mapped in the Study Area. The majority of these features are located
at the downstream edges of the CBLF outcrop, away from the quarry.
Four swallow holes (one of which has been recently backfilled) are located close to the
quarry, while, as of early 2020, three flowing conduits were present within the quarry itself, as
well as a large, flowing feature referred to as the northeast face fracture, which itself contains
several conduits. Conduits and cavities previously intercepted near the base of the quarry
have been characterised by a reduction and ultimately, cessation of flow over a period of
several weeks or months, suggesting drainage of a conduit network of limited extent and
limited connectivity to the rest of the CBLF.
Water enters the shallow parts of the CBLF via: 1) allogenic recharge through losing streams
and swallow holes, 2) diffuse, autogenic recharge through the overlying clayey superficial
deposits 3) concentrated autogenic recharge at closed depressions (sinkholes) and 4) by
direct infiltration into exposed rock within the excavated area of the quarry. Water enters the
deeper parts of the CBLF via subsurface flow from the adjacent formations. These flow
components are described in further detail below:
- The majority of recharge to the CBLF occurs via autogenic recharge, which is primarily
diffuse, but with areas of concentrated recharge at closed depressions, as evidenced by
the marked response to rainfall events during winter in numerous boreholes that lie some
distance from surface water features. Recharge occurs at a more rapid rate within the
excavated area of the quarry, where the bedrock is exposed and blast-induced fracturing
increases permeability.
- Focussed, allogenic recharge via the Alston and Caton streams locally influences
groundwater levels. During wet periods, there is surcharging of the conduit system at the
current Alston stream swallow hole, which results in overflow into conduits that carry little
or no flow under normal recharge conditions. Water may also be driven into the matrix,
leading to more sustained groundwater mounding. Losses of water at various other
points along the Alston stream contributes to a groundwater divide. Focussed recharge to
the CBLF occurs at two swallow holes in the Caton stream, although some infiltration
through the stream bed is also likely.
- Sub-artesian conditions within the Tavy Formation, coupled with the presence of a thrust
fault that forms its upper boundary beneath the quarry and proposed extension area,
drive diffuse flow upwards and into the overlying CBLF. An upward hydraulic gradient is
apparent within the CBLF throughout much of the proposed extension area, with
recharge only able to infiltrate to the deeper parts of the formation in the immediate
vicinity of the quarry itself.
The current groundwater divide associated with the Alston stream aligns with the crest of the
topographic saddle within the CBLF. To the southwest of the Alston stream swallow hole,
groundwater naturally flows towards the Balland Stream, and into the quarry as a result of
ongoing dewatering. Water intercepted by the quarry is transferred to the Balland Pit, before
being discharged to the Balland Stream. To the northeast of the Alston stream swallow hole,
groundwater flows southwards, towards the Kester Brook.
Under natural conditions, the River Ashburn and the lower reaches of the Balland Stream to
the southwest, the Goodstone springs to the southeast, the River Lemon to the east and the
spring feeding the nearby Lemonford stream constitute the principal discharge locations from
the main mapped outcrop of the CBLF, which extends from Ashburton to an area
immediately to the northeast of Bickington. Although the Goodstone springs discharges
groundwater from the CBLF during winter, these springs are dry for parts of the summer,
when groundwater levels in the CBLF are insufficient to sustain flow.
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The quarry intercepts water from the following sources:
- Seasonally flowing conduits in Level 7, which convey water to the quarry sump. After an
initial release of stored groundwater following excavation, flow in these conduits is
predominantly fed by localised recharge. These factors account for 55% of quarry
inflows.
- Seasonal exfiltration through the bed of the Balland Pit, which occurs predominantly in
winter and spring and, during periods of exceptionally high groundwater levels in winter,
groundwater seepages in the topographic catchment of the Balland Pit within the quarry.
Together, these contribute 25% of annual inflows to the quarry, although during summer,
the flow direction is reversed and the Balland Pit provides water to the underlying CBLF.
- The northeast face fracture; an extensive, sub-vertical feature that flows throughout the
year from a series of conduits between Level 2 and Level 4 of the quarry and accounts
for 13% of all inflows. During wet conditions, flow from the Alston stream swallow hole
contributes a small proportion of discharge from the northeast face fracture.
- The southeast face conduit; a localised feature in Level 4 of the quarry that flows during
winter and early spring and accounts for nearly 4% of all inflows to the quarry.
The remaining inflows to the quarry are derived from rain falling on the Balland Pit. Rainfall
within the rest of the excavation reaches the Balland Pit or the quarry sump, either as
groundwater flow following infiltration to the CBLF, or as surface runoff.
Dewatering leads to a steep cone of depression within the quarry, with drawdown of around
60 m at the quarry sump. Despite ongoing dewatering from the quarry sump, relatively
shallow groundwater levels are apparent near the Balland Pit (as evidenced by seasonal
inflows to this feature in the water balance and water levels in nearby boreholes), along
much of the southeast face (as evidenced by groundwater flooding in this area and artesian
conditions in borehole in the south east of the quarry Level 4) and within the northeast face
fracture. Drawdown of less than 10 m is apparent at the quarry boundaries.
Groundwater level variations to the southwest of the quarry are moderated by the
maintenance of relatively constant water levels in the Balland Pit, leading to seasonally
varying flow directions. Absolute groundwater levels between the quarry and Ashburton are
controlled by the elevation of the ground surface, which falls steadily to the southwest,
driving the discharge of groundwater into the Balland Stream. In the immediate vicinity of the
quarry, a component of the water discharged to the Balland Stream infiltrates to the CBLF,
where groundwater levels lie below the stream bed elevation.
Groundwater levels in the Tavy Formation, to the north of the quarry, are controlled by the
ground surface, as evidenced by the shallow water levels in boreholes north east of the
quarry and the presence of numerous springs and ponds. The difference in groundwater
levels between the Tavy Formation and the CBLF, the relatively low permeability of the Tavy
Formation and the pervasive upward hydraulic gradient in both the Tavy Formation and
across the proposed extension area suggests that the quarry exerts a negligible influence on
groundwater levels north of the CBLF.
There is likely to be a groundwater divide beneath the bunds to the north of the Balland Pit,
separating the quarry’s groundwater catchment from that of the Balland Stream. Further to
the east, near Alston Farm, there is no clear groundwater divide and all groundwater to the
south of the line of springs naturally flows southwards, towards the quarry’s zone of
influence.
Groundwater levels to the northeast of the quarry are largely controlled by dewatering from
the quarry and recharge to the CBLF, both via diffuse, autogenic recharge through the
overlying superficial deposits and focussed allogenic recharge via the Alston stream swallow
hole, where there is a groundwater divide. The distance from the quarry to this natural
groundwater divide contributes to a relatively large groundwater catchment in this direction.
Water levels to the southeast of the quarry are poorly constrained by hydraulic boundaries,
although, based on estimated recharge and quarry inflows, the quarry’s groundwater
catchment does not extend as far as the low-permeability Foxley Tuff Formation or the
springs that emerge within it.
Inflows to the quarry are subject to substantial seasonal variations, with 80% of all
groundwater inflows occurring from October to March and only 8% of groundwater inflows
occurring between June and September. The dramatic reduction in dewatering rates during
summer, when groundwater levels are at their lowest, demonstrates that the majority of
groundwater flow outside the quarry occurs in permeable features (i.e. channels, conduits
and fractures) within the shallow parts of the CBLF. These permeable features require
seasonal recharge to sustain flow within them and their flow is greatly reduced during
summer. This reduction in permeability with depth is characteristic of many karst systems.

Atkins Environmental Statement – Revised Water Resources, Drainage & Flood Risk Chapter |
Version 3.0 August 2020 | 5151424

17

Proposed extension to Linhay Hill Quarry
Environmental Statement (Part 3)



Deeper conduits within the quarry transmit groundwater during winter, but the reduction in
flow from these features during summer demonstrates that these features are not wellconnected hydraulically to the rest of the CBLF and rely on seasonal recharge to sustain flow
within them. Local recharge within the footprint of the quarry accounts for the majority of
groundwater flowing to both the sump and the Balland Pit, while less than a third of
groundwater inflows to these features comes from beyond the quarry boundary,
predominantly via shallow fractures and conduits, which dry out in summer.

Key Findings – Delineation of Current Groundwater Catchment and
Drawdown Extent
12.67.

Delineating the quarry’s groundwater catchment and the extent of drawdown is an important
component in understanding current impacts and provides a basis for projecting future changes
following proposed deepening and extension of the quarry. Within the extent of drawdown,
groundwater levels are lower as a result of quarry dewatering; the inferred magnitude of drawdown
ranges from around 60 m at the quarry sump, to 0 m at the edge of the drawdown extent. Most
areas subject to drawdown lie within the quarry’s groundwater catchment, defined as the area in
which shallow groundwater flows towards the quarry. Whilst drawdown from the quarry affects the
size of the groundwater catchment, groundwater in areas completely unaffected by drawdown may
naturally flow downgradient and ultimately, towards the quarry. Hence, areas of elevated ground
may lie within the quarry’s groundwater catchment, without being impacted by drawdown.

12.68.

Based on measured inflows of groundwater within the quarry, estimates of recharge to the
surrounding area can be used to estimate the maximum areal extent of the quarry’s groundwater
catchment needed to sustain these inflows. The shape of the groundwater catchment is then
constrained by the locations of groundwater discharges at the surface, such as springs and gaining
streams, and by the position of groundwater divides, which can be inferred from water levels in
nearby groundwater monitoring boreholes. As such, the groundwater catchment is partly
influenced by dewatering from the quarry, which controls the position of groundwater divides in
some areas, and partly by the locations of natural groundwater divides, springs and gaining
streams.

12.69.

By contrast, the extent of drawdown is a more direct indicator of quarry impacts. Whilst limited
drawdown may extend beyond groundwater divides and hence beyond the groundwater catchment
in some areas, in areas that lie upgradient of the quarry, the extent of drawdown may not extend
as far as the catchment boundary. The extent of drawdown can be inferred from the shape of the
water table and by the depth of groundwater below the surface; in areas where groundwater levels
lie at or near the surface, ground levels control the water table elevation and signal the edge of the
quarry’s drawdown extent.

12.70.

However it is recognised that the extent of drawdown may vary throughout the year. The water
balance in the HIA 2020 indicates that during very dry conditions, such as occurred in July 2019,
net dewatering from the quarry is negligible, as total dewatering from the sump and discharge to
the Balland Pit is matched by infiltration from the Balland Pit to the underlying CBLF. However,
during winter, when shallow, relatively permeable discontinuities within the CBLF become
saturated, it is apparent that the quarry captures water from beyond its boundary. As such,
groundwater levels in March 2020, when the water table is close to its seasonal maximum, have
been used to provide context to the current inferred groundwater catchment and extent of
drawdown respectively.

12.71.

The water balance in the HIA 2020 indicates groundwater inflows of 369 ML/yr from beyond the
quarry boundary. Based on an estimated annual recharge of 601 mm, the quarry’s groundwater
catchment outside of the quarry has a maximum areal extent of 584,000 m2 (0.58 km2), although
enhanced recharge from sinking streams would reduce this value.

12.72.

The presence of a natural groundwater divide to the northeast of the quarry means that
groundwater beneath much of the proposed extension area would flow through the footprint of the
quarry in the absence of ongoing dewatering. The results of tracer testing indicate that the Alston
stream swallow hole marks the edge of the quarry’s groundwater catchment in this area, whilst
groundwater levels in boreholes within the quarry and to the south west demonstrate that the edge
of the groundwater catchment to the southwest lies close to the quarry boundary. Based on the
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estimated areal extent of the groundwater catchment beyond the quarry, these two factors strongly
constrain the general shape of the groundwater catchment boundary.
12.73.

The low permeability of the Tavy Formation to the north means that drawdown from the quarry in
this area is negligible and groundwater levels continue to be controlled by the nearby ground
surface elevation. Bunding to the north of the Balland Pit leads to a local topographic divide and,
given the limited drawdown within the underlying Tavy Formation, it is likely that groundwater to
the northwest of the bunds flows away from the quarry and contributes to baseflow in the Balland
Stream. Further to the east, this topographic divide is absent and it is likely that groundwater
beneath the higher ground to the north of Alston Farmhouse naturally flows towards the quarry’s
cone of depression. As such, the quarry’s groundwater catchment extends as far as the springs to
the north of the farmhouse, although the springs themselves are not affected by drawdown from
the quarry. These springs provide a natural point of discharge for groundwater further to the north.

12.74.

The large difference in estimated groundwater inflows to the Balland Pit, following diversion of
diffuse groundwater seepages to the quarry sump, indicates that a significant portion of the Balland
Pit’s groundwater catchment lies to the southeast of the quarry. However, the estimated area of
the groundwater catchment, and the controls on its extent described above, suggests that a
groundwater divide is present between the quarry and the south-eastern extent of the CBLF
outcrop, driven by recharge within the topographic depression. The natural dip of the CBLF strata
towards the southeast represents an additional, structural constraint on the extent of drawdown to
the southeast.

12.75.

The inferred extent of the groundwater catchment, covering a total area of 1,044,000 m2 (including
approximately 18,000 m2 covered by the Balland Pit), is shown in Figure 12-4, although the
contribution of flow through the Alston stream swallow hole, which may contribute perhaps 7-14
m3/day during wet periods, and further infiltration along the course of the Alston stream, means
that the true extent of the groundwater catchment required to sustain measured inflows to the
quarry is likely to be slightly less than this.

Figure 12-4 – Inferred extent of quarry groundwater catchment (Figure 4-90 from HIA 2020)
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12.76.

Inferring the quarry’s current extent of drawdown provides a useful basis for identifying both
receptors that may currently be impacted by the quarry and receptors that may be impacted in the
future following proposed deepening and extension of the quarry. Whilst the area currently affected
by drawdown from the quarry is subject to uncertainty, the indicative extent shown in Figure 12-5
which covers approximately 1.4 km2, is constrained by the following factors:








The elevation of the Balland Stream to the southwest. Recorded groundwater levels near the
quarry’s south-western boundary range from 85 to 90 mAOD, whilst the ground surface
elevation is approximately 85 mAOD at Glentor, in the north-eastern part of Ashburton, and
less than 70 mAOD in the centre of Ashburton, at the confluence of the Balland Stream and
the River Ashburn. The falling elevation of the Balland Stream between the quarry and
Glentor brings it below the level of the water table, driving net stream accretion in this stretch
and providing a constraint on surrounding groundwater levels. To the southwest of where
groundwater starts to enter the Balland Stream, the water table elevation is controlled by the
elevation of the stream and is no longer subject to drawdown. Although infiltration to the
stream dominates over this stretch, the evidence presented in the HIA 2020 is that the point
at which the water table intersects the Balland Stream lies slightly closer to Glentor than the
quarry, just over 500 m from the quarry boundary. Near the quarry boundary, the magnitude
of drawdown is moderated by water levels in the Balland Pit and discharges to the Balland
Stream, driving localised exfiltration to the CBLF.
The low permeability of the Tavy Formation to the northwest and the presence of
groundwater levels close to the surface. The shallow groundwater levels in a monitoring
borehole and the presence of numerous ponds and springs to the north of the CBLF suggest
that the water table in this area is controlled by the ground surface elevation and that there is
negligible drawdown from the quarry.
The shape of the water table to the northeast. Groundwater levels to the northeast indicate
drawdown up to 400-500 m from the quarry boundary, whilst regular overtopping of the
Alston stream swallow hole represents a further constraint on drawdown extending further to
the northeast.
Whilst drawdown to the southeast of the quarry is less well constrained by the data, it is
assumed that it extends as far as the mapped boundary with the low permeability Foxley Tuff
Formation, 500 m from the quarry boundary. The inferred extent of drawdown in this direction
is therefore consistent with that to the southwest and northeast of the quarry.
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Figure 12-5 – Approximate current extent of drawdown (Figure 4-91 from HIA 2020)

Flood Risk
12.77.

The Environment Agency provides Flood Zone maps available via its website and from inspection
the following flood zone classifications apply to the development proposals:
Development Area










12.78.

Widening of Balland Lane
Junction of Waye Lane new public road with Balland Lane
Waye Lane new public road and footpath diversion
New private access to Alston Cottage and Alston Farm
Diversion of electricity and water supply from Alston Lane
Extension of quarry extraction area into Alston Farm fields
Bunds in south and east of Alston Farm fields
Balland Stream flood flow diversion to quarry
Restored quarry, lake discharge control to Balland Stream

Flood Zone classification
Flood Zone 3
Flood Zone 3
Flood Zone 1
Flood Zone 1
Flood Zone 1
Flood Zone 1
Flood Zone 1
Flood Zone 3
Flood Zone 3

Planning Practice Guidance also requires the flood risk vulnerability of the development or land
use to be taken into account because the consequences of flooding may not be acceptable for
particular types of development. Flood Risk Vulnerability Classification is provided in the Planning
Practice Guidance Table 2. With reference to that table, mineral working and processing (except
sand and gravel working) which applies to extension of the quarry extraction and the new bunds,
is classified as ‘Less Vulnerable’. The new access to Alston Farm and electricity and water supply
diversions from Alston Lane, the new Waye Lane public road and footpath diversion and widening
of Balland Lane are also considered to be ‘Less Vulnerable’ as they do not represent essential
infrastructure. Flood control infrastructure which is to be installed to improve the Balland Stream
flood flow diversion to the quarry, and for discharge control from the quarry once restored to a lake,
is classified as ‘Water-Compatible Development’.
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12.79.

The surface water flow routes to and within the central confluence area of Ashburton have a history
of flooding. Consequently the Environment Agency has designated much of the Balland Stream as
a Critical Drainage Area, i.e. an area that has critical drainage problems and which has been
notified to the Local Planning Authority as such by the Environment Agency in line with the National
Planning Policy Framework (NPPF). The Critical Drainage Area lies mainly west of the A38 and
includes the existing quarry and tip, land at Waye and along the Balland Stream north of the quarry,
and parts of Ashburton east of the Balland Stream confluence with the River Ashburn.

12.80.

The proposals cover an area of more than one hectare and include land within Flood Zones 1 to 3
which has critical drainage problems being within the Ashburton Critical Drainage Area, hence the
proposal fall within the terms of the Town and Country Planning (Consultation) (England) Direction
2009.

Surface Water Runoff
12.81.

The Environment Agency’s maps ‘Risk of Flooding from Surface Water’ show many areas at risk
within the existing Linhay Hill Quarry, but those areas are actively managed by the quarry as part
of its daily operations. Surface water flood risk is also shown along the minor watercourses from
the silted former fishpond at Waye, and from Waye Plantation and Higher Brownswell which lead
to a relatively large area shown as ‘High’ risk over the farm track between Waye and Place.

Groundwater
12.82.

There is anecdotal evidence that during the winter 2013-2014 there was prolonged standing water
within the area south of the A38, north of Gale Road between Mead Cross and south of Goodstone.
That has also been observed subsequently, such as during the winter 2019-2020. The fact that
flooding was prolonged may suggest a seasonally high water table, though it can be observed that
the water flow route also has several constraints which hinder flow, such as hedge field boundaries,
small pipes susceptible to blockage, and an overgrown poorly defined channel in places.

12.83.

The then lowest level of Linhay Hill Quarry, level 5 (82-68mOD) was also flooded from
approximately 18th December 2013 to 1st March 2014 due to the wet weather and the Balland Pit
reached capacity, meaning no water could be pumped from level 5 for about four weeks. However
the level of that standing water was well below the standing water north of Gale Road during winter
2013-2014. The lowest level of the quarry will occasionally flood during prolonged heavy rain, and
that provides attenuation of pumped water to the Balland Pit to ensure sufficient retention time for
settlement within the Balland Pit prior to transfer discharge to the Balland Stream.

Future Baseline
12.84.

The future baseline is defined as changes to the baseline which would occur if the proposed quarry
extension did not place – the Do Nothing Scenario.

12.85.

In the Do Nothing Scenario, rock extraction at Linhay Hill Quarry will cease when the reserves are
exhausted or no longer viable to extract and restoration will proceed as per a scheme to be agreed
with the DNPA under the terms of conditions on the existing planning permission(s). The scheme
will entail ceasing the pumping of water so that the void will begin to fill with water from rainfall and
groundwater, with restoration to open water. The water level in the void will recover until inflow
equates to groundwater outflows, and it is expected groundwater movement will follow flow paths
similar to those prior to dewatering of the quarry.

12.86.

Prior to formation of the existing quarry, surface water runoff from the land was to the Balland
Stream to which there would also have been some baseflow from groundwater. However there is
now no natural surface water outflow route from the quarry extraction void, so the concern from a
flood risk mitigation perspective is that if rainfall and surface water runoff to the lake exceed the
groundwater outflow then the lake water level will continue to rise. If the water within the quarry
void was to rise above the lowest elevation around that perimeter of the void and so overflow, that
would be an uncontrolled discharge which would represent a flood risk to the maintenance and
block manufacturing and storage areas of the existing quarry, and to Ashburton downstream. That
risk is the same for the proposed quarry extension and hence has been appraised in the Flood
Risk Assessment accompanying the extension application.
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12.87.

The lowest elevation around the quarry void is 102.16mOD at a point west of the south west corner
of the Balland Pit, so there are several metres elevation of rock between the quarry void and the
Balland Stream, effectively a rock buttress around the Balland Pit. Therefore to enable control of
discharge from a lake it is envisaged a channel to the Balland Stream would need to be cut through
the rock buttress as part of the restoration of the existing quarry. The channel would be formed in
open cut, although it is envisaged that a pipe with manholes would be installed and then the pipe
backfilled over.

12.88.

As with restoration of the proposed extended quarry as detailed in the Flood Risk Assessment for
the proposed quarry extension (paragraphs 6.46 to 6.56), in the restoration of the existing quarry
the lake water discharge would be restricted to a maximum rate, which would be agreed with the
flood authorities to ensure flood protection to Ashburton. Discharge from the lake would not be able
to occur above the agreed maximum discharge rate. Instead the water level in the lake would rise
to provide flood attenuation storage during heavy or prolonged rainfall as appraised in the Flood
Risk Assessment for the proposed quarry extension.

12.89.

For the existing quarry void the minimum area of a lake to a level of 96mOD is estimated as 25.43
ha with a topographic catchment including the lake area of 51.78 ha. That is smaller than the
proposed extension 37.34 ha lake area to 96mOD with topographic catchment 81.43 hectares
including the lake area, hence by comparison the discharge and lake level rise during attenuation
following restoration of the existing quarry would be less than that evaluated in the Flood Risk
Assessment for the proposed quarry extension.

12.90.

Regarding potential climate change the Flood Risk Assessment for the proposed extension follows
guidance within the National Planning Policy Framework Flood Risk Assessments: Climate
Change Allowances, applicable from 19th February 2016 (last updated 22nd July 2020). Its Table 2
‘peak rainfall intensity allowance in small (less than 5km2) or urban catchments (based on a 1961
to 1990 baseline)’ prescribes for peak rainfall intensity ‘Upper end’ and ‘Central’ allowances of 40%
and 20% respectively for the total potential change anticipated for 2070 to 2115 to be used to
understand the range of possible effect. For comparison the Flood Risk Assessment also included
the UKCP09 climate change projections for precipitation for the locality of Linhay Hill Quarry for
the period 2070-2099, which indicated the NPPF allowances are likely to be more conservative.

12.91.

If the proposed quarry extension did not proceed then the existing quarry will move into its
restoration stage within about seven to ten years, which is sooner than the timeframe for the climate
change projections used in the Flood Risk Assessment for the proposed extension. Hence the
climate change projections used in the Flood Risk Assessment for the proposed extension will be
conservative for the water resource future baseline.

12.92.

The UKCP09 projections over UK land areas has been updated by the UKCP18 projections from
late November 2018. The UKCP18 Factsheet ‘Precipitation’ available via the Met Office UKCP18
website, states that “Over land the projected general trends of climate changes in the 21st century
are similar to UKCP09, with a move towards warmer, wetter winters and hotter, drier summers.
However, natural variations mean that some cold winters, some dry winters, some cool summers
and some wet summers will still occur”.

12.93.

And for the probabilistic projections “While the probabilistic projections show a clear shift to higher
probability levels of dry summers, but also suggest that the likelihood of individual wet summers
reduces only slightly. The projections also show a pattern of larger increases in winter precipitation
over southern and central England and some coastal regions towards the end of the century, with
summer rainfall reductions tending to be largest in the south of England. These changes in climatic
averages and extreme weather events may become more pronounced during the operational
lifetime of the quarry and thereafter, unless the driving cause of climate change is reversed”.

12.94.

UKCP18 provides ranges that aim to capture a spread of climate response based on current
knowledge and uses new emissions scenarios, called Representative Concentration Pathways
(RCPs). RCPs are a method for capturing assumptions within a set of scenarios and were used in
the Intergovernmental Panel on Climate Change’s latest 5th assessment report. UKCP09 used the
SRES (Special Report on Emissions Scenarios) emissions scenarios which were reported on in
the IPCC’s 4th assessment report, but did not include policies to limit climate change and thus did
not consider climate change mitigation.
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12.95.

RCPs specify concentrations of greenhouse gases that will result in total radiative forcing
increasing by a target amount by 2100, relative to pre-industrial levels. Total radiative forcing is the
difference between the incoming and outgoing radiation at the top of the atmosphere. Radiative
forcing targets for 2100 have been set at 2.6, 4.5, 6.0 and 8.5 watts per square metre (W m-2) to
span a wide range of plausible future emissions scenarios and these targets are incorporated into
the names of the RCPs; RCP2.6, RCP4.5, RCP6.0 and RCP8.5. Each pathway results in a different
range of global mean temperature increases over the 21st century, with the increase in global
mean surface temperature averaged over 2081-2100 compared to the pre-industrial period
(average between 1850-1900) for the RCP pathways (best estimate, 5-95% range in brackets)
being as follows: RCP2.6 1.6°C (0.9-2.3°C), RCP4.5 2.4°C (1.7-3.2°C), RCP6.0 2.8°C (2.0-3.7°C)
and RCP8.5 4.3°C (3.2-5.4°C).

12.96.

Reference has been made to the ‘Land Projection Maps: Probabilistic Projections’ available from
the Met Office website, for the precipitation winter, summer and annual anomaly for the period
2080-2099 minus 1981-2000. The 50-percentile projection for annual rain for RCP8.5 is 0% to
+10% whereas for RCP2.6 it is 0% to -10%. The 50-percentile projection for winter rain (December,
January, February) for RCP8.5 is +20% to +30% whereas for RCP2.6 it is +10% to +20%. The 50percentile projection for summer rain (June, July, August) for RCP8.5 is -40% to -50% whereas for
RCP2.6 it is -20% to -30%.

12.97.

Those projections indicate a potential for wetter winters and drier summers, but annual rainfall is
likely to remain similar to 1981-2000 i.e. effectively the same as currently. Therefore it is considered
that no further appraisal of potential climate change effects on the water resource future baseline
is required.

Summary of Potential Receptors in the Water Environment
12.98.

Table 12-4

The following table provides a summary of the importance of features in the water environment
around the proposed extension of Linhay Hill Quarry. The importance value for each receptor has
been determined based on the criteria and examples defined in Table 12-1 ‘Water Feature
Importance’.
Potential Receptors in the Water Environment

Water Environment Feature (Receptor)
Spring catchments
- Multiple springs within Tavy and St Mellion Formations
to the north of the Chercombe Bridge Limestone
Formation and which flow to the Balland Stream.
- Springs/adits within Tavy and St Mellion Formations to
the north of the Chercombe Bridge Limestone
Formation and which flow to the Alston stream.
- Multiple springs within Tavy and Crackington
Formations to the north of the Chercombe Bridge
Limestone Formation and which flow to the Caton
stream and Samastar stream, headwaters of the
Kester Brook.
- Spring at Pitley Farm which flow north to the Balland
Stream.
- Spring west of Higher Mead which flows north and
infiltrates into the Chercombe Bridge Limestone
Formation.
- Spring southeast of Higher Mead which flows north to
the Mead stream, headwaters of the Kester Brook.
- Springs south of Goodstone at Four Acres and
Glendale which flows to the Kester Brook.
- Spring at Higher Lemonford which flows via the
Lemonford stream to the River Lemon.

Importance

Rationale

Minimal

Common, individually low
yield.

Low

Includes a PWS.

Minimal

Common, individually low
yield.

Minimal

Low yield.

Low

PWS.

Minimal

Low yield.

Low

Medium yield, intermittent.

Low

Low to medium yield,
perennial flow to River Lemon.
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Water Environment Feature (Receptor)
Surface Watercourses
- Alston stream ordinary watercourse which flows across
Alston Farm fields.
- Balland Stream ordinary watercourse.
- Balland Stream main river.
- River Ashburn main river.
- River Dart main river.
- Ordinary watercourse which flows down Caton Road,
referred to as Caton stream.
- Ordinary watercourse which flows from north of the
Samastar property and flows south across Caton Farm
land, under the A38 off slip at Goodstone junction,
under the A38 and through Goodstone to the Kester
Brook, referred to as the Samastar stream.
- Kester Brook ordinary watercourse which runs from
parallel to and north of Gale Road from Mead Cross to
south of Goodstone.
- Kester Brook ordinary watercourse and springs south
of Goodstone at Four Acres and Glendale, which
provide baseflow to the Kester Brook.
- Lemonford stream ordinary watercourse which flows to
the River Lemon.
- River Lemon ordinary watercourse.
Water resources
- Within the River Dart catchment which lies within the
Dart, Start Bay and Torbay WFD Operational
Catchment.
- Within the River Ashburn catchment which lies within
the Dart, Start Bay and Torbay WFD Operational
Catchment.
- Within the River Lemon catchment which lies within the
Teign WFD Operational Catchment.
- Within the Chercombe Bridge Limestone Formation
Principal Aquifer.
- Within Secondary Aquifers around the CBLF such as
Crackington Formation, St Mellion Formation and
Gurrington Slate Formation.
- Teign, Avon, Dart and Erme Operational Catchment
which contains one or more groundwater bodies,
including the Chercombe Bridge Limestone principal
aquifer, and nearby other bedrock units in the vicinity of
the site which are secondary A aquifers.
Abstractions - Private water supplies (there are no licensed
abstractions)
- Secondary A aquifer spring and well supplying
properties at Brownswell.
- Secondary A aquifer spring supplying Alston Farm and
Alston Cottage.
- Secondary A aquifer well supplying Little Barton.
- Principal aquifer well supplying The Larches.
- Principal aquifer well supplying The Glen.
- Secondary A aquifer spring supplying Lower Mead
Farm, and the Moor View property on Dolbeare Road.
Biodiversity sites
- Little Barton Fields Unconfirmed Wildlife Site (locally
designated at County level)
- Mead Cross Unconfirmed Wildlife Site (locally
designated at County level)

Importance

Rationale

Minimal

Man-made route, seasonal.

Low
Low
Medium
High
Low

Parts heavily modified.
Medium yield, modified.
High yield, local.
High yield, regional.
Medium yield, local.

Low

Medium yield, local.

Minimal

Low yield, local.

Low

Medium yield, local.

Low

Low to Medium yield,
perennial.
High yield.

Medium
Low

Regional, low quality – WFD
moderate chemical status.

Medium

Local, WFD good chemical
and ecological status.

Medium

Local, WFD good chemical
status.
Medium yield, local, providing
unlicensed abstraction water.
Medium yield, local, providing
unlicensed abstraction water.

Low
Low

Low

Regional, low quality – WFD
poor status based on its
chemical status.

Low

Private water supply.

Low

Private water supply.

Low
Low
Low
Low

Private water supply.
Private water supply.
Private water supply.
Private water supply.

Low

May have some localised
groundwater dependence.
Not groundwater dependent.

Minimal
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Water Environment Feature (Receptor)
Flood Risk – from fluvial flows and or surface water runoff
- Within the quarry and proposed extension.
- To Ashburton from the Balland Stream.
- Along Caton stream from Alston Farm to Caton.
- Along the Kester Brook.
Flood Risk – from groundwater
- Within the quarry and proposed extension.
- Along the Kester Brook north of Gale Road from Mead
Cross to south of Goodstone.

12.99.

Importance

Rationale

Low
High
Medium
Low

Less vulnerable.
Critical drainage area.
More vulnerable, (dwellings).
Limited existing development

Low
Low

Less vulnerable.
Limited existing development

Note in this chapter features are defined with respect to their characteristics in the water
environment (groundwater levels, flows and quality; stream flows and quality), together with flood
risk, not with respect to their actual ecological value. The ES Chapter 10 provides the assessment
of the value of the ecological interests in relation to the proposed development.

Sensitive Sites
12.100.

The HIA 2020 identifies the following water environment features as sensitive sites for Step K3 of
the Environment Agency’s hydrogeological impact assessment approach for karst aquifers
(Science Report – SC040020/SR1) as sites where that study has assessed they may experience
more than a negligible effect if the development was to occur without mitigation. These sites are
effectively included in Table 12-4:
Spring catchments
a. Springs south of Goodstone at Four Acres and Glendale, from where the Kester Brook flows
east.
Watercourses
b. The Balland Stream to the northwest of the proposed extension.
c. The Kester Brook which flows seasonally adjacent the Gale Road and from springs south of
Goodstone at Four Acres and Glendale, from where the Kester Brook flows east.
Unlicensed abstractions (private water supplies)
d. Principal A aquifer well supplying The Glen.

Identification and Evaluation of Potential Effects
12.101.

The proposed extension to Linhay Hill Quarry and associated infrastructure works will result in
some modifications to the existing surface water drainage, and there will be new surface water
drainage provided to convey runoff and increase attenuation storage and to prevent runoff off-site.
Those changes are shown in the Planning Application drawings (LINHAY-ATK-S0-Z-PL-001, S1Z-PL-1000, S2-Z-PL-2000, S3-Z-PL-3000, S4-PL-4000, S5-Z-PL-5000, S6-Z-PL-6000) and
detailed in the Flood Risk Assessment and the Hydrogeological Impact Assessments. The
dewatering by the extended quarry will extend the existing area of influence on groundwater with
the potential without mitigation to cause some effects on flow in watercourses and a potential to
effect other nearby water features such as abstractions or habitat areas or flood risk.

12.102.

These impacts and effects are examined in the text below. It is also relevant to understand that the
quarry extension has a long timescale with several stages, which provides opportunities to review
the hydrological and hydrogeological conceptual model and effectiveness of monitoring and
mitigation for the design, and the trigger levels for mitigation before subsequent stages progress.

Potential Hydrogeological Impacts without Mitigation
Potential Effects from Quarry Deepening
12.103.

The proposed deepening of the quarry comprises a reduction in its base elevation from 28 mAOD
under the current planning permission to 0 mAOD. Natural groundwater levels in this area at the
end of winter are likely to be around 105 mAOD.

12.104.

Observed water levels in boreholes near and east of the sump show that dewatering from the sump
strongly influences groundwater levels in the lower Levels of the quarry. However, in higher Levels,
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which are located around the margins of the quarry, shallow groundwater levels are currently
controlled by the local ground elevation and by the level of the Balland Pit, rather than by the sump
water level. This is demonstrated by:


persistent flow from the northeast face fracture, from Levels 2-4;



artesian heads in a borehole in the south west of level 4 and groundwater flooding
throughout Level 4 during wet conditions;



the absence of a response during the sump signal test from boreholes near the edge of the
quarry, in conjunction with a marked response in boreholes near the sump;



the influence of clay infill of discontinuities within the CBLF, contributing to a low hydraulic
conductivity relative to other carbonate aquifers, thereby limiting the sump’s radius of
influence; and



groundwater levels in borehole near the Balland Pit that exceed the level of the Balland Pit
during winter, with groundwater inflows to the Balland Pit during winter and flow from the
Balland Pit to the CBLF during summer.

12.105.

Despite its considerable depth below the natural ground surface, the sump exerts limited influence
on deep groundwater levels beyond the north-eastern boundary of the quarry, with water levels in
deep boreholes substantially higher than those in adjacent shallow installations. To the southwest
of the quarry, deep and shallow groundwater levels are similar, indicating improved vertical
connectivity in this area. However, observed groundwater levels near the Balland Pit and
seasonally varying flow between the Pit and the underlying CBLF demonstrates that the Balland
Pit, rather than the sump, is the main control on groundwater levels in the south-western part of
the quarry and the area immediately to the southwest of the quarry boundary. Flows between the
Balland Pit and the CBLF currently represent a notable component of the quarry’s water balance
and additional drawdown from deepening of the sump would drive additional flow from the Balland
Pit to the underlying CBLF. The lowering of the ground surface towards Ashburton represents a
further control on groundwater levels to the southwest of the quarry, limiting the current and future
extent of drawdown.

12.106.

Flow to the sump is sustained by groundwater flowing in relatively permeable features (i.e.
channels, conduits and fractures) near the surface. During summer, these features dry up and the
deeper parts of the CBLF are unable to sustain more than a small fraction of the flow that occurs
during winter. This is shown by the water balance for July 2019, when infiltration from the Balland
Pit exceeded dewatering rates from the sump and there was no net extraction of groundwater.

12.107.

To obtain a conservatively high estimate of the sump’s influence on the deeper parts of the CBLF
beyond the quarry boundary, the following approach has been taken:


It is assumed that recirculated water infiltrating from the Balland Pit contributes none of the
groundwater extracted by the sump in July 2019, leading to a conservatively high estimate of
water extracted from the CBLF beyond the quarry boundary.



The natural water table at its seasonal maximum would be around 105 mAOD at the location
of the sump, whilst the hydrographs show a typical decline in groundwater levels of around
10 m during summer. Based on a sump water level of 42 mAOD, this suggests the 12 ML
extracted from the deeper parts of the CBLF in July 2019 is associated with drawdown of
approximately 53 m at this point.



Under seasonally averaged conditions, drawdown of around 58 m would be expected,
leading to an estimated increase of 9% in inflows relative to those recorded in July 2019,
giving a slightly higher average extraction rate, of nearly 13 ML per month, from the deeper
part of the CBLF.



The proposed deepening of the quarry would lead to an additional 42 m of drawdown relative
to current conditions (and an additional 28 m of drawdown relative to the quarry’s current
planning permission) Assuming a natural, long-term average water level of 100 mAOD
above the sump, additional drawdown of 42 m represents an increase of 72%. It is assumed
that the hydraulic properties of the deepest part of the CBLF below the current sump are
comparable to those currently in the deeper part of the quarry. As an additional conservative
assumption, it is assumed that the transmissivity of the CBLF is unaffected by the substantial
lowering of its saturated thickness, giving an increase in inflows from the deeper part of the
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CBLF of 72%, equivalent to an additional 9 ML per month, or 111 ML per year. The level of
conservatism inherent in this approach is highlighted by the estimated base elevation of the
CBLF in this area, which lies close to 0 mAOD. In reality, as the water table at the sump is
drawn down close to the base of the CBLF, the transmissivity is likely to decrease notably,
leading to lower dewatering rates from the deeper part of the CBLF than the estimated 111
ML per year.

12.108.



The estimated increase of 111 ML per year gives a projected, net dewatering rate of 934 ML
per year following the proposed deepening of the quarry.



Based on the estimates presented in the HIA 2020, average annual recharge beyond the
quarry is 598 mm. At this rate of recharge an additional groundwater catchment of 186,000
m2 (0.19 km2) would be required to sustain the increased inflows to the sump, giving a total,
maximum groundwater catchment of approximately 1,240,000 m2 (1.24 km2). The extent of
this groundwater catchment is 18% larger than the inferred current extent of the quarry’s
groundwater catchment.

A groundwater catchment with an area equal to this conservative estimate, following proposed
deepening of the quarry and the absence of further mitigation measures, is shown in the HIA 2020
which details the factors taken into consideration in delineating an indicative shape of that
groundwater catchment.

Potential Effects from Quarry Extension
12.109.

As the quarry extends to the northeast, it will continue to intercept water from the northeast face
fracture and the shallow conduits that connect it to the Alston stream swallow hole. It is likely that,
as the quarry extends, it will intercept the feature referred to as the northeast face fracture in the
northwest face of the extension, although it will intercept the shallow conduits connected to the
Alston stream swallow hole in the northeast face. Based on previously submitted design drawings,
which indicate infilling of the Alston stream swallow hole by overburden material, total inflows to
the quarry from the northeast would potentially decrease. However, the proposed diversion of the
Alston stream along the west or east side of the bunds in an unlined channel would be likely to
drive a similar degree of infiltration to the CBLF, due to the similarity of ground conditions with its
current route.

12.110.

As the southeast face is extended, the quarry is likely to intercept additional flowing conduits,
although given the heterogenous nature of flow within the shallow parts of the CBLF, there is no
reliable basis for quantifying future inflows to the quarry, following extension. However, the future
extent of drawdown and the quarry’s groundwater catchment are likely to be constrained by similar
factors to those described for the quarry deepening.

12.111.

The current quarry’s groundwater catchment to the northeast is defined by the location of a natural
groundwater divide, which aligns with the Alston stream and appears to extend beyond the area
subject to drawdown. Infilling of the Alston stream swallow hole could cause lower groundwater
levels in this area, although that effect may largely be mitigated by infiltration through the stream
bed along its diverted route if in unlined channel either west or east of the bunds. The design of
the diversion is discussed further as part of the mitigation measures.

12.112.

The absence of further deepening within the current quarry, and backfilling to 28 mAOD in this area
at an early stage during the proposed extension, means that the groundwater catchment to the
northwest, southwest and southeast of the existing quarry is not expected to grow beyond the
spring south east of Higher Mead as shown in the HIA 2020, and a slight contraction of the
groundwater catchment in this area is likely, due to increased water levels in the Balland Pit (see
point 2 below).

12.113.

In the absence of further mitigation measures, the projected maximum extent of the quarry’s
groundwater catchment and drawdown following completion of the extension in Stage 5, is
considered to be constrained by the following factors, as detailed in the HIA 2020:
1. To the northwest of the quarry, the low permeability of the Tavy Formation continues to limit
drawdown, whilst the maintenance of water levels in the Balland Pit prevents the removal of
the inferred groundwater divide beneath the quarry and the Balland Stream as the quarry
extends to the northeast.
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2. As the quarry extends to the northeast, the combined influence of the Balland Pit, discharges
to the Balland Stream (leading to exfiltration) and local topography continues to limit
drawdown to the southwest. Due to rising silt levels within the bed of the Balland Pit, the
Stage 2 design of the quarry shows bunding, to accommodate a higher water level at this
point.
3. As discussed earlier in the previous section regarding the quarry deepening, proposed
deepening of the quarry has the potential to remove the inferred groundwater divide to the
southeast and hence groundwater downstream of the spring catchment at Higher Mead will
be able to flow towards the quarry. Due to the low permeability of the Foxley Tuff Formation,
drawdown is not expected to extend much beyond the mapped boundary with the CBLF and
hence, the quarry will not capture groundwater currently flowing to the Higher Mead spring.
4. Burial of the Alston stream swallow hole has the potential to alter the natural groundwater
divide at this location, which may cause the quarry’s groundwater catchment to extend
further to the east. However, infiltration through the bed of the Alston stream along its current
route suggests that the swallow hole itself is not the primary source of the groundwater
divide. The Alston stream has the potential to mitigate changes to the groundwater divide,
although this would depend on the design of the diverted channels. In an unmitigated design
scenario that prevents infiltration from the Alston stream, the groundwater divide would likely
extend as far as the NNW-SSE trending strike-slip fault to the north of Caton, which could
affect flow in the Goodstone springs and Kester Brook during winter, when these features
are predominantly groundwater fed. Tracer testing of the Caton stream swallow hole
suggests that, within the shallow part of the CBLF, the fault acts as a permeable pathway
and if the groundwater divide reached this feature, an extended quarry would preferentially
draw in groundwater from the fault, rather than from the formation to the east of it. The Caton
stream swallow hole is a source of focussed recharge, which further limits the eastward
extent of the projected groundwater catchment. Whilst groundwater to the east of the fault
would continue to flow south to the Goodstone springs, there is the potential for limited
drawdown in this area in response to dewatering of the fault. The topography of the
shallowest Levels of the excavation, near the quarry boundary, is the main influence on
drawdown in the CBLF beyond the quarry itself. The projected maximum area of drawdown
extends just over 400 m from the quarry boundary and is consistent with the extent of
drawdown beyond the shallow Levels of the current quarry.
5. Groundwater south of the springs near Alston Wood would flow towards the extended quarry
in the absence of a natural groundwater divide in this area, although the maximum extent of
drawdown would remain close to the mapped boundary between the CBLF and the Tavy
Formation.
12.114.

As described above there are several conservative assumptions inherent in the projected
groundwater catchment and projected maximum drawdown extents. However, that level of
conservatism is needed to manage the uncertainty present in karst systems and provide a suitable
basis for the design of monitoring and mitigation measures. Proposed mitigation measures to
address these potential impacts are presented in the HIA 2020 and later in this chapter.

Potential Effects on Water Resources
12.115.

The quarry’s groundwater catchment will grow by a maximum of 18% in response to deepening,
with the majority of the expansion to the southeast, towards Higher Mead, although drawdown is
not expected to extend as far as this. Closer to the quarry, increased drawdown has the potential
to remove the inferred groundwater divide that currently exists between the quarry and the
boundary of the Foxley Tuff Formation to the southeast. Following removal of this groundwater
divide, groundwater downgradient of the spring at Higher Mead would flow towards the quarry.
Existing hydraulic boundaries limit the expansion of the quarry’s groundwater catchment to the
southwest, northwest and northeast.

12.116.

Due to the heterogenous nature of flow within the shallow parts of the CBLF, there is no reliable
basis for quantifying future inflows to the quarry as the extension progresses. However, the future
maximum extent of drawdown and the quarry’s groundwater catchment are likely to be constrained
by the local topography and the presence of several hydraulic boundaries.

12.117.

Evidence detailed in the HIA 2020 is that the quarry and its extension lie within the catchment of
the Balland Stream and water will be returned to that watercourse in line with the quarry’s
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environmental permit to discharge. As the proposed extension represent an easterly expansion of
the quarry, it is assessed that additional inflows would also come from the Kester Brook catchment.
Therefore some augmentation to that catchment is also likely to be required.
12.118.

Following restoration of the quarry, it is envisaged the lake in the quarry will have a discharge route
to the Balland Stream at a level of approximately 96-97 mAOD with storage above that level, up to
a maximum elevation constrained by the topography of the quarry perimeter. The lowest recorded
elevation around the quarry perimeter is 102.16 mAOD, to the southwest of the Balland Pit. The
water level in the quarry and the outflow rate will be controlled within this range (96 to 102 mAOD)
to provide flood risk attenuation to Ashburton.

12.119.

The envisaged water level in the post-restoration void of between 96 and 102 mAOD is close to,
or slightly exceeds, late summer groundwater levels at the southern end of the proposed extension
area, although it is below groundwater levels at the end of the winter recharge season. It is also
substantially above the base of the northeast face fracture and the southeast face conduit and
represents an increase of around 60 m relative to current water levels in the quarry sump.

12.120.

As such, inflows to the quarry are likely to be negligible following restoration. Based on the results
of tracer testing and analysis of groundwater levels, it is likely that water flows naturally westwards
from a groundwater divide near the Alston stream and swallow hole towards the Balland Stream
and this flow route will be maintained following restoration. Analysis of groundwater levels and
tracer testing results also suggests that the natural groundwater catchment of the Kester Brook lies
beyond the quarry’s own groundwater catchment. As the maximum potential lake level of 102
mAOD would be substantially below the maximum winter levels observed in a borehole at the
southern edge of the proposed extension area near the A38, and below the level of the Mead Farm
stream immediately to the south (approximately 105 mAOD), the catchment of the Kester Brook
will remain unaffected following the cessation of dewatering.

12.121.

The overall aim of surface water management post-restoration will be to mimic natural conditions
in the area surrounding the quarry void and provide flood attenuation for downstream areas as
required. The current water balance (based on 2017-2020 climatic data) suggests that the Balland
Pit receives more water from direct rainfall than it loses from evaporation. It is anticipated that
evaporation from a larger lake post-restoration will be offset by increases in direct rainfall to this
feature, although the precise relationship between these factors will depend on future weather
patterns. Furthermore, water losses embodied in products sold by the quarry will no longer occur.

12.122.

Envisaged water levels in the post-restoration lake lie within the range of observed groundwater
level fluctuations at the southern edge of the proposed extension area. Although the removal of
the unsaturated zone geology in this area would provide a rapid pathway for rainfall to reach the
lake surface and hence, the adjacent water table, the controlled outflow from the lake to the Balland
Stream will mean that the hydrograph of that watercourse will not be affected.

Potential Effects on Water Quality
12.123.

As Linhay Hill Quarry and the proposed extension area are within a predominantly rural area where
the land is mainly utilised for farming, groundwater quality is not anticipated to have been affected
by pollution. Monitoring of water chemistry of surface water or groundwater has not identified a
potentially hazardous substance at a concentration above an Environmental Quality Standard for
freshwater, and indicates the water discharged from the quarry is similar in quality to nearby
surface water bodies. The quarry sump, the Kester Brook and the Lemonford stream have a
signature typical of groundwater boreholes within the CBLF.

12.124.

As the area impacted by the quarry will be largely contained within its groundwater catchment, the
potential for impacts on water quality are predominantly confined to discharges to the Balland
Stream and run-off from the overburden material.

12.125.

The quarry’s pumped discharge of inflowing groundwater and direct rainfall will continue to be to
the Balland Stream in compliance with the environmental permit to discharge, so a chemical or
ecological water quality effect due to the proposed extension dewatering is not foreseen.

12.126.

The bunds around the south east and north east of the proposed extension will be formed using
soil and rock derived from the proposed extension area, so the chemical quality of water draining
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from those bunds is expected to be the same as for water currently draining from those soils and
rock and hence an adverse effect to that surface water is not foreseen.

Potential Effect on Biodiversity Sites
12.127.

Consideration has been given to the potential effects on the Little Barton Fields UWS (unconfirmed
wildlife site) and Mead Cross UWS habitat areas as a consequence of the quarry development
proposals and dewatering abstraction.

12.128.

A potential effect on the Little Barton Fields UWS which includes a substantial part of Alston Wood
north east of Alston Farm, is not predicted because Little Barton Fields UWS lies beyond the
projected extent of drawdown, based on current understanding of the Tavy Formation. If locally
higher values of permeability exist within the Tavy Formation, they could potentially induce minimal
drawdown at the southern edge of the UWS, although it is considered extremely unlikely that
drawdown would extend as far as the catchments of various springs that emerge in this area.

12.129.

The potential for an effect on the Mead Cross UWS woodland south of the A38 is foreseen in terms
of some reduced surface water flow to the watercourse through that woodland, however the UWS
is not groundwater dependent so additional drawdown from the quarry will not lead to discernible
impacts. Burial of the Alston stream swallow hole and runoff from the overburden bunds may lead
to a slight increase in flow from those areas towards the pipe under the A38, but due to the quarry
extension the overall catchment for runoff to the pipe will reduced. However the drainage proposals
enable the Alston stream watercourse at Alston Farm and surface water runoff from the bunds
around the proposed extension to discharge towards the pipe under the A38, hence surface flow
through towards the Mead Cross UWS, which in any case is seasonal, will be maintained.

Potential Impacts on Flood Risk without Mitigation
Widening of Balland Lane
12.130.

Widening of Balland Lane will lead to a slight increase in surface water runoff along Balland Lane
into the Balland Stream, estimated to be up to 4.7 litres per second for a 1 in 100 year event
including an allowance for potential climate change.

Waye Lane Public Road and Footpath Diversion
12.131.

It is estimated construction of the Waye Lane public road will form an impervious area of 0.814
hectares, of which 0.160 ha from chainage 0 to chainage 330 will have to drain directly towards
the Balland Lane and Balland Stream. The other 0.655 hectares will drain to the Balland Stream
channel which flows around the northwest of the quarry workshop area. This represents 0.65% of
the 100.64 hectares of upper sub-catchment of the Balland Stream to its existing overflow point to
the quarry.

12.132.

The Waye Lane junction with Balland Lane will be at a lower elevation than the nearby Balland
Stream and so could also cause an increase in surface water runoff to existing drainage in Balland
Lane.

Alston Farm and Alston Cottage Access Route
12.133.

Alston Lane and the private access to Alston Farm and Alston Cottage lie within the topographic
catchment of the Kester Brook, and with the quarry extension there will be a loss of a section of
Alston Lane and formation of a new impermeable tarmac road access to Alston Cottage and Alston
Farm. However that will lead to a reduction in impermeable area from approximately 7,500m2 to
3,360m2, hence as there will be no increase in the surface water runoff there is no requirement for
attenuation storage to restrict runoff from the new access road.

Stages 1 – 5 Quarry Extension and Operation
12.134.

As the quarry extends north east the Kester Brook sub-catchment area of ‘Alston Farm Fields’ will
reduce, and the Balland Stream sub-catchment area which drains to the quarry will be
commensurately increased, as summarised in the following table. The largest catchment change
occurs between stages occurs from Stage 3 to Stage 4 when the quarry will extend eastwards to
the south of Alston Cottage and Alston Farm as shown in the following Table 12-5.

Table 12-5

Sub-catchment area change due to quarry extension
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Stage

Quarry
extension
area (ha)

Land around extension
SubSubSubarea which will drain to catchment
catchment
catchment
Waye Pond, Quarry Void, Alston Farm
sub-catchment:
flows to
with pumped Fields, runoff
Alston
Quarry void
Balland
discharge to
flows to
Wood (ha)
(ha)
Stream (ha)
Balland
Kester Brook
Stream (ha)
(ha)

Existing

0

20.66

0

3.93

51.78

56.20

Stage 0 change due
to new Alston Farm
access and new
attenuation storage
and drainage

0

-0.50

0.25

0.90

0.25

-0.65

Stage 1 change

5.25

0

0.61

0

5.86

-5.86

Stage 2 change

6.97

0

0.84

0

7.80

-7.80

Stage 3 change

4.10

0

0.47

0

4.57

-4.57

Stages 4 and 5
change (also applies
to Stage 6)

5.16

0

5.73

0

10.90

-10.90

Total change

21.47

-0.50

7.91

0.90

29.38

-29.78

4.84

81.16

26.42

Balland
Stream

Kester Brook

29.78

-29.78

385

813

+7.74%

-3.66%

Final sub-catchment

20.16

Catchment
Total change
Total catchment
Percentage change

12.135.

The changes due to the quarry extension will reduce flood risk from surface water runoff in the
upper catchment of the Kester Brook, where flooding mainly occurs south of the A38 and west of
Goodstone. The Balland Stream catchment will increase, but flood risk to Ashburton will not
increase because the surface water will flow into the quarry void and will drain to the quarry’s lowest
level. That level is below the Balland Pit and Balland Stream, therefore water which inflows will
require pumping to discharge to the Balland Stream. Pumping is undertaken under an
Environmental Permit from the Environment Agency and pumping logistics ensures that water is
discharged after the passage of excess flows along the Balland Stream.

Overburden Bund Formation and Restoration
12.136.

Bunds for overburden will be formed within the Alston Farm Fields sub-catchment to the Kester
Brook, and the formation of the bunds will be regulated under a Mining Waste Permit to comply
with the Mining Waste Directive 2006/21/EC (as transposed to UK legislation). That permit will be
for the management of inert extractive waste by passive treatment, controlled by the conditions for
the discharge set in the permit; for example, provision of a settlement pond that will become part
of the site restoration when dry, and will include a water discharge management for the rainfall
dependent discharge.

12.137.

New drainage ditches will be formed around the bunds to intercept surface water runoff, and divert
the Alston stream, an existing spring fed seasonal minor watercourse which crosses the Alston
Farm fields. That diversion will require Land Drainage Consent from Devon County Council. The
new drainage will positively drain the water towards the Alston Farm fields’ existing discharge point,
namely the vegetated ditch parallel to the A38, but for the bund drainage there will be a single point
of discharge to the inlet of the 300mm diameter pipe that passes under the A38 approximately
150m north east of Alston Cross.

12.138.

For structural stability the bunds will have basal drainage and internal drainage, most likely in the
form of herringbone gravel drains, and during the bund construction phase that drainage and
surface water runoff will be conveyed by drainage to temporary ponds for settlement of suspended
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solids. Those settling ponds may be moved as the working area of bund construction moves, and
it is envisaged some settlement pond areas at the perimeter of the bunds will be restored to form
shallow detention basins once the bunds have become vegetated.
12.139.

Formation of the bunds will increase the local terrain slope gradient and restoration will increase
the proportion of woodland compared to the existing generally grassed land. The change in terrain
gradient is the major factor which will affect surface water runoff. There may be local variation such
as during construction when there will be no vegetation cover in working areas, but at that time the
overall average slope is likely to be less than the completed bunds and temporary drainage will
intercept surface water runoff.

12.140.

The Flood Risk Assessment shows that although the rate of surface water runoff from the land
used for bunds is likely to increase, the increase is mitigated by the reduction in the Alston Farm
Fields sub-catchment area. As there will be a reduction in surface water runoff to the Kester Brook
there is no requirement for attenuation of runoff from the bund areas.

12.141.

Suspended solids in the runoff may occur from exposed soil in the new drainage channels, from
disturbed soil along vehicle trafficking routes, and from the bund construction earthworks, though
the natural overburden soils are not expected to have a propensity to go into suspension. That
expectation is based on observation of the turf growing and lifting operations of Fine Turf (Devon)
Ltd. in the fields east of Alston Lane, where the soil exposed to rainfall for extended periods does
not seem to erode notably.

12.142.

The size and location of the bund operational areas i.e. disturbed ground, and undisturbed or reestablished areas will vary during the bund construction, though the maximum operational area is
expected to occur during Stage 1 at commencement of the overburden stripping. Settlement ponds
will be utilised to reduce suspended solids in the surface water runoff from the bunds and drainage.
Perimeter drainage ditches will have check dams to slow the rate of flow, and eventually it is
envisaged they will convey ‘clean’ runoff and become naturalised, i.e. grassed. Where suited within
the restoration plan it is envisaged the settlement pond areas would be restored to form naturalized
detentions basins which will also slow surface water runoff. But the perimeter new drainage will
have the potential to locally change infiltration to the shallow subsurface and develop additional
pathways for shallow groundwater flow, with potential effects for ground stability.

Restoration (Stage 6)
12.143.

As is the case for the existing quarry, once rock extraction ceases and pumping of water from
extraction void is stopped, the void will begin to fill with water from rainfall and groundwater and
restoration will be to open water. The future stable groundwater level is expected to be the same
as within the ground prior to the quarrying in the Linhay area north east of Ashburton, but the
maximum lake level will be set to control discharge to the Balland Stream and provide ongoing
mitigation of flood risk to Ashburton.

12.144.

To enable control of discharge from a lake within the quarry void it will be necessary to form a
discharge route from the rock buttress around the Balland Pit between the quarry workshop area
and the Balland Stream, which exits the quarry’s block storage area at an elevation of 95.13mOD.

12.145.

Discharge from the lake would not be able to occur above the agreed maximum discharge rate,
instead the water level in the lake would rise to provide flood attenuation storage during heavy or
prolonged rainfall.

Mitigation Measures
12.146.

The Environment Agency’s Science Report SC040020/SR1 ‘Hydrogeological impact appraisal for
dewatering abstraction’ provides an eight step approach for karst aquifers such as the CBLF. Step
K5 of that approach entails the design of mitigation for the sensitive sites based on preliminary
monitoring, with Step K6 the specification of trigger levels for the mitigation measures. Monitoring
is continued as Step K7 and mitigation measures are implemented when trigger levels are reached
or passed. Hence in the HIA 2020 and this ES, mitigation measures are identified for foreseen
effects on water resources, surface water flows, water quality and biodiversity sites due to the
proposed extension to Linhay Hill Quarry, as informed by further monitoring. Flood risk mitigation
will be by drainage design for specific storm event flows and the management of exceedance flows.

Atkins Environmental Statement – Revised Water Resources, Drainage & Flood Risk Chapter |
Version 3.0 August 2020 | 5151424

33

Proposed extension to Linhay Hill Quarry
Environmental Statement (Part 3)

Water Resources and Surface Water Flows
12.147.

A variety of mitigation measures for the proposed deepened and extended quarry, along with
pipelines to convey flow to them. Current Environment Agency guidance advocates the
implementation of mitigation measures in advance of predicted impacts occurring, although it
recognises that in practice some mitigation will inevitably be reactive. In line with this guidance, the
majority of mitigation measures are proposed at an early stage in the development, prior to
additional drawdown occurring, although additional contingency measures have been developed
to address uncertainties in both projected impacts and the effectiveness of the initial mitigation
approach. The mitigation features shown in Figure 12-6 are classified as follows:

Figure 12-6 – Existing, proposed and contingency mitigation measures (Figure 7-1 from HIA 2020)

1. Current mitigation measures. The maintenance of water levels in the Balland Pit currently
mitigates drawdown of groundwater levels in the CBLF during summer, whilst discharge from
the quarry to the Balland Stream mitigates impacts to flow in the Balland Stream and
potential drawdown to the southwest of the quarry attributable to dewatering. The presence
of a natural groundwater divide to the northeast of the proposed extension area, that aligns
with the Alston stream, indicates that the majority of the quarry’s existing groundwater
catchment lies within the groundwater catchment of the Balland Stream and hence, it is
important that those mitigation measures are maintained.
2. Proposed mitigation measures. The most potential for impact associated with the
proposed deepening and extension of the quarry lies to the northeast of the proposed
boundary and as such, the major focus of proposed mitigation measures is in this area. The
ability of the Balland Pit to influence groundwater levels and flow over a significant area
suggests that a similar feature to the northeast of the quarry would control groundwater
levels in the east of the extension area. This feature, in conjunction with infiltration along an
unlined section of ditch to the east of the overburden bunds for controlled flow Alston stream
would maintain the current groundwater divide in this area. It is proposed that these
mitigation measures, are implemented at the start of Stage 2, prior to bunding around the
Alston stream swallow hole and additional dewatering of the quarry below the depth limit
imposed by the current planning permission. As shown in the design drawings for the quarry,
a separate channel at the base of the bunds will collect run-off and convey this water to a
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12.148.

series of detention basins to remove sediment, prior to the channel converging with the
diverted Alston stream at the south-western edge of the proposed extension area, where an
existing pipe will convey water under the A38 via its normal route during periods of heavy
rainfall.
3. Contingency measures. The proposed mitigation measures are expected to limit the areal
extent of impacts to the northeast of the proposed extension area, whilst to the east and
southeast, there is no evidence of substantial baseflow to the Mead Farm stream/Kester
Brook within the projected groundwater catchment. However, in the event that continued
monitoring shows derogation of flow within the Kester Brook, compensation flows to the
Caton stream are proposed where it crosses the north east of Alston Farm. Contingency
measures for enhancing infiltration from the balancing pond and the unlined section of the
diverted Alston stream include the excavation of trenches to backfill with gravel and
increasing the area of infiltration.
The effectiveness of mitigation measures will be regularly assessed throughout the period of the
proposed development, through ongoing monitoring and reporting to the Mineral Planning
Authority, comprising comparisons of impacts against agreed trigger levels and periodic reviews of
the monitoring and mitigation plan in consultation with the Mineral Planning Authority and
Environment Agency.

12.149.

Atkins proposes that additional baseline monitoring of 14 locations, covering regular
measurements of flow, water levels and water quality, with associated quality control procedures,
is undertaken over a period of three years post-determination, in conjunction with continued
monitoring of flows and water levels in the quarry and rainfall monitoring at the Alston Farm rain
gauge. Full details of the proposed monitoring and mitigation plan are provided in the HIA 2020.

12.150.

Following commencement of the proposed deepening and extension of the quarry, the available
monitoring data shall be collated and submitted to the Mineral Planning Authority as part of an
annual summary report, which will include a comparison of water level, flow and water quality data
with agreed trigger levels and projected impacts. In addition, a revised hydrogeological impact
assessment, including updated monitoring and mitigation measures, shall be submitted to the
DNPA for its approval:



within 12 months following identification of potential for impacts beyond the projected
maximum extent of drawdown; and
prior to each stage of the proposed development.

Private Water Supplies
12.151.

The HIA 2020 suggests that a borehole near Caton Cross is the only private water supply that will
be potentially impacted by drawdown from the quarry. However, periodic reviews will be carried
out on the available data to promptly identify potential impacts beyond the projected maximum
extent of drawdown. This would trigger an update to the adaptive monitoring and mitigation
programme, which would be subject to agreement by the Mineral Planning Authority.

12.152.

For a private water supply shown to be impacted in the future by quarry dewatering, the following
mitigation measures may be implemented as part of a Section 106 agreement:


compensation for increased pumping costs, should borehole water levels be shown to have
declined;



provision of additional pumping infrastructure, should a decline in water levels preclude the
use of existing equipment;



provision of additional storage facilities, to mitigate against a seasonal water shortage from
these supplies;



deepening of abstraction boreholes, to increase the available drawdown and hence, potential
yields from these sources;



drilling and installation of a new borehole;



provision of a temporary suitable water supply; or



connection to mains supply.
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12.153.

These options would be discussed with the owner of private water supplies on a case by case
basis, to ensure the most suitable mitigation measures are implemented. Following discussions
with the owner of BH15, Atkins understands that a drilling rig would not be able to access the
borehole, which is now inside the dwelling and hence, deepening of the current source would not
be viable. In addition, the affected properties are already connected to mains supply. In this case,
one of the other options presented above would likely be implemented, should impacts occur.

Water Quality
12.154.

As the area effected by the quarry will be largely contained within its groundwater catchment,
potential impacts on water quality are predominantly confined to discharges to the Balland Stream
and run-off from the overburden material.

12.155.

However monitoring of water chemistry within the Study Area suggests that water discharged from
the quarry is similar in quality to nearby surface water bodies and, assuming standard procedures
are followed to prevent the release of contaminants from on-site activities, foreseeable effects on
future water quality are negligible.

12.156.

Water discharge from Linhay Hill Quarry to the Balland Stream will comply with its environmental
permit to discharge, and that permit is subject to regular review by the Environment Agency.

12.157.

Discharge of surface water runoff from bunds around the south east and north east of the proposed
extension will be to the channel to or pipe under the A38 which discharges to Mead Cross UWS
and will flow to the Kester Brook. That discharge will be authorised as ‘rainfall dependent trade
effluent’ under a water discharge activity permit to be applied for, which may be included in a mining
waste permit for the formation of the bunds. The discharge will be made in compliance with the
permit.

Biodiversity Sites
12.158.

The HIA 2020 indicates that an effect on a biodiversity site due to the quarry development
proposals is not predicted.

Flood Risk
12.159.

Due to the Balland Stream Critical Drainage Area,
reduce flood risk to Ashburton. But commensurate
risk to the quarry operations, reduce flood risk to
potential for an effect due to surface water runoff
changes to the existing surface water drainage.

the overarching flood risk mitigation aim is to
with that aim is also the need to reduce flood
the new Waye Lane public road, reduce the
from the bunds, and to mitigate the effect of

12.160.

The increase in surface water runoff due to the new Waye Lane public road and footpath diversion
will be mitigated by catchment attenuation measures along the Balland Stream north of the quarry,
and by diversion of peak flows into the quarry.

12.161.

An obvious option to reduce flood risk to Ashburton is to divert high or all flows in the Balland
Stream into the quarry. However water diverted to the quarry will subsequently need to be
managed and pumped out, and so diverting water into the quarry will increase the operating costs
of the quarry. Therefore to lessen the volume of water that might need to be diverted into the quarry,
upstream catchment attenuation storage areas will be formed, the aim being that only the most
extreme events would cause water from the Balland Stream to be diverted into the quarry. The
upstream catchment attenuation storage will also be formed to reduce flood risk to the new Waye
Lane public road. Minor drainage improvements will also be carried out over the land to the north
of Alston Cottage and Alston Farm within the Alston Farm Fields sub-catchment, in order to
minimise the surface water runoff which will have to drain to the extended quarry.

12.162.

The Chuley Road Strategic Flood Risk Assessment indicates flooding could occur at Love Lane
for a 1 in 10 year event due to culvert constraints, and though that flooding may initially only be
shallow overland flow down the lane, that return period has been used as a comparative guide.
That return period also aligns with the Ashburton Critical Drainage Area, which requires surface
water discharges to “mimic greenfield performance up to a maximum 1 in 10 year discharge rate”.
Therefore, based on the results of the Flood Risk Assessment it is proposed to initially restrict flow
in the Balland Stream at the quarry to 1m3/s, with flow above that rate diverted into the quarry. That
will provide notable flood risk mitigation benefit by attenuating from the current 1 in 10 year event
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flows to slightly less frequent than 1 in 30 year event flows predicted by the Devon Hydrology
Strategy for 3.22km2 of the Balland Stream catchment to Jordan Meadows, there being a further
0.63km2 of catchment to its confluence with the River Ashburn.
12.163.

The combined approach of upstream catchment attenuation storage and diversion of flow into the
quarry will need to be sufficient to mitigate local areas where surface water runoff will increase
towards Ashburton, and where flow control with attenuation storage cannot be practically provided.
Those areas are the widening of Balland Lane and of the junction of Waye Lane with Balland Lane.
Therefore, with the proposed widening of Balland Lane, its vertical alignment has also been
adjusted to ensure that surface water runoff from the lane’s catchment east of Balland Stream is
diverted to the Balland Stream.

12.164.

Drainage around the quarry extension as it progresses in stages to the north east will reduce the
direct run off into the quarry, and drainage around the new bunds will intercept run off and enable
settlement of suspended solids until the bunds are wholly restored with vegetation. The quarry
extension will reduce the upper topographic catchment of the Kester Brook, and that is likely to
offset the potential for increased runoff from the bunds. Settlement ponds will be formed to ensure
settlement of suspended solids during the bund construction and can be restored to form
naturalised detention basins once the bunds are fully vegetated. There will also be diversion of a
spring fed seasonal ordinary watercourse around the bunds, such that it can continue to discharge
to the wide vegetated ditch parallel to the A38, where the water infiltrates or can flow under the
A38 via a 300mm diameter pipe. Other new drainage around the quarry and bunds will have a
single discharge point to that pipe inlet.

Residual Effects after Mitigation
12.165.

The topographic catchment of the Kester Brook will be reduced permanently by approximately
thirty hectares, which is estimated to be 3.66% of its total catchment, so from that impact there will
be a residual effect. However the proposed balancing pond and controlled flow of the Alston stream
for continued infiltration through an unlined section of channel east of the bunds are expected to
maintain the natural groundwater divide in the northeast of the extension area, a feature that is
likely to be most prominent during winter, when dewatering rates from the quarry are highest, due
to increased surface water flows at this time. The key performance criterion for the proposed
balancing pond is to maintain nearby groundwater levels within their natural range and a series of
contingency measures have been laid out in the HIA 2020 how that will be achieved. The resultant
mounding of the water table will lead to a groundwater divide beneath the balancing pond, marking
the eastern extent of the quarry’s groundwater catchment as shown in Figure 12-7.
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Figure 12-7 – Projected mitigated groundwater catchment for the current quarry and its proposed
extension (Figure 7-2 from HIA 2020)

12.166.

Whilst the proposed water level of 128 mAOD in the balancing pond is slightly below recorded
maximum groundwater levels in this area during winter, it exceeds the long-term average
groundwater level by several metres. Due to the slight increase in long-term average groundwater
levels in this area, net drawdown from quarry dewatering would only occur some distance west of
the balancing pond, as shown in Figure 12-8, although water levels beneath the balancing pond
would still be within their natural range.
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Figure 12-8 – Potential receptors with respect to inferred maximum extent of drawdown in the
presence of mitigation measures (Figure 7-4 from HIA 2020)

12.167.

The effects of enhanced infiltration are expected to prevent drawdown at the Caton stream swallow
hole, thereby maintaining flow during winter to the Goodstone springs and Kester Brook, which
have been identified as sensitive sites. To address the possibility of residual impacts to these
receptors, the contingency measure of augmentation of flow to the Caton stream would be carried
out.

12.168.

As is the case for the existing quarry void, restoration will be to open water. Hence the additional
lake area of the extended quarry, compared to restoration of the existing quarry, may be considered
a residual impact. But as the water balance in the HIA 2020 suggests the Balland Pit receives more
water from direct rainfall than it loses from evaporation, it is anticipated that evaporation from a
larger lake post-restoration will be offset by increases in direct rainfall to this feature, although the
precise relationship between these factors will depend on future weather patterns. When the lake
discharge control structure is agreed with the flood authorities it is envisaged that will also aim to
ensure the long-term effect on groundwater catchments are minimised.

12.169.

There will be residual flood risks resulting in a potential for temporary flooding at:




12.170.

The lowest level of the quarry during its operation.
The inlet to the 300mm pipe under the A38 to which the Alston Farm fields currently drain.
Waye Lane at Brownswell detention basin where discharge is constrained to an existing
450mm pipe.

However those are areas which are currently at risk of flooding due to existing constraints, and the
temporary flooding which occurs already reduces the potential for a downstream flood impact.
Reducing the constraint would lead to greater flood flow downstream which could increase the
flood risk downstream, whereas temporary flooding at the identified locations will be localised and
not have an adverse effect.
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12.171.

The residual risks due to an extreme event are of rainfall of higher intensity over a longer duration
causing higher surface water runoff velocities and greater total runoff volume than anticipated.

12.172.

Such an event could cause temporary flooding at the residual flood locations and would result in a
greater volume of flow being diverted from the Balland Stream into the quarry. However, the
diversion of flow from the Balland Stream into the quarry will provide flood risk mitigation to
Ashburton. In other areas the risk of an extreme event has been mitigated by design including an
allowance for potential climate change and other measures such as including 0.3m freeboard to
drainage features.

Significance of Potential Impacts with Mitigation
12.173.

The following table provides an assessment of the significance of the potential impact to water
environment features due to the proposed extension to Linhay Hill Quarry and associated
infrastructure works, with reference to the significance criteria outlined earlier in this chapter.

Table 12-6 Summary Assessment of Potential Impact to Water Environment Features with Mitigation
Water
Environment
Feature
(Receptor)
Importance

Magnitude and
Duration of
Potential Impact
with Mitigation

Overall
Significance of
Potential Impact
with Mitigation
(Adverse unless
stated
otherwise)

Widening of Balland Surface water runoff to the
Lane.
Balland Stream main river.

Low

Minor adverse –
permanent.

Slight
significance.

Junction of Waye
Lane new public
road with Balland
Lane.

Surface water runoff to the
Balland Stream main river.

Low

Minor adverse –
permanent.

Slight
significance.

Waye Lane new
public road and
footpath diversion.

Surface water runoff to the
Balland Stream ordinary
watercourse.

Low

Moderate beneficial
– permanent.

Slight
significance
beneficial.

New private access Surface water runoff to the
to Alston Cottage
Balland Stream ordinary
and Alston Farm.
watercourse.

Low

Negligible –
permanent.

Not significant.

Surface water runoff to the
Kester Brook ordinary
watercourse downstream
of the A38 at Mead Cross
Unconfirmed Wildlife Site.

Minimal

Negligible –
permanent.

Not significant.

Surface water runoff to the
Balland Stream ordinary
watercourse.

Low

Negligible –
permanent.

Not significant.

Surface water runoff from
Alston Farm fields to the
Kester Brook ordinary
watercourse upstream of
Goodstone.

Minimal

Minor adverse –
progressive from
Stage 1 over the
long term,
permanent.

Slight
significance.

Alston stream ordinary
watercourse which flows
across Alston Farm fields.

Minimal

Negligible –
permanent route
changes occur in
Stage 2 and in
Stage 4.

Slight
significance.

Activity

Deepening and
extension of quarry
extraction area into
Alston Farm fields.

Water Environment
Feature (Receptor)
Affected
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Activity

Water Environment
Feature (Receptor)
Affected

Water
Environment
Feature
(Receptor)
Importance

Magnitude and
Duration of
Potential Impact
with Mitigation

Overall
Significance of
Potential Impact
with Mitigation
(Adverse unless
stated
otherwise)

Minimal

Negligible –
permanent,
progressive from
Stage 1.

Not significant.

Flow in Kester Brook
ordinary watercourse and
springs south of
Goodstone at Four Acres
and Glendale, which
provide baseflow to the
Kester Brook.

Low

Minor adverse –
progressive over
Stage 1 to Stage 5,
thereafter recovery.

Slight
significance.

Flow in Lemonford stream
ordinary watercourse at
Higher Lemonford.

Low

Negligible.

Not significant.

Flow in the River Lemon
main river Bickington to
confluence with Kester
Brook.

Medium

Negligible.

Not significant.

Water resources in the
River Ashburn surface
water catchment (part of
the Dart, Start Bay and
Torbay WFD Operational
Catchment).

Medium

Minor beneficial
permanent –
progressive over
Stage 1 to Stage 5.

Slight
significance,
beneficial.

Water resources in the
River Lemon surface water
catchment (part of the
Teign WFD Operational
Catchment).

Medium

Minor adverse –
progressive over
Stage 1 to Stage 5,
thereafter recovery.

Slight
significance.

Water resources within the
Chercombe Bridge
Limestone Formation
Principal Aquifer

Medium

Minor adverse –
progressive over
Stage 1 to Stage 5,
thereafter recovery.

Slight
significance.

Water resources within
Secondary Aquifers around
the CBLF such as to the
north the Crackington
Formation which includes
the St Mellion Formation,
and to the south the
Gurrington Slate
Formation.

Medium

Negligible

Not significant.

Water resources in the
Teign, Avon Dart and Erme
WFD Operational
Groundwater Catchment.

Low

Negligible.

Not significant.

Flow in Kester Brook
ordinary watercourse which
runs from parallel to and
north of Gale Road from
Mead Cross to south of
Goodstone.
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Activity

Water Environment
Feature (Receptor)
Affected

Water
Environment
Feature
(Receptor)
Importance

Magnitude and
Duration of
Potential Impact
with Mitigation

Overall
Significance of
Potential Impact
with Mitigation
(Adverse unless
stated
otherwise)

Private water supplies from
the Chercombe Bridge
Limestone Formation
principal aquifer supplying
property at The Glen.

Low

Minor adverse –
Stage 2 to end of
Stage 5.

Slight
significance.

Private water supplies from
the Chercombe Bridge
Limestone Formation
principal aquifer supplying
property at The Larches.

Low

Negligible.

Not significant.

Private water supplies from
Secondary A aquifer
supplying properties at
Brownswell.

Low

Negligible.

Not significant.

Private water supplies from
Secondary A aquifer spring
supplying Alston Farm and
Alston Cottage.

Low

Minor adverse –
Stage 2 to end of
Stage 5.

Slight
significance.

Private water supplies from
Secondary A aquifer well
supplying Little Barton.

Low

Negligible.

Not significant.

Little Barton Fields
Unconfirmed Wildlife Site

Low

Negligible.

Not significant.

Mead Cross Unconfirmed
Wildlife Site

Minimal

Negligible.

Not significant.

Flood risk from fluvial flows
and or surface water runoff
within the quarry and
proposed extension.

Low

Minor adverse –
until end of Stage 5.

Slight
significance.

Flood risk from
groundwater within the
quarry and proposed
extension.

Low

Minor adverse –
until end of Stage 5.

Slight
significance.

Flood risk to Ashburton
from the Balland Stream.

High

Moderate beneficial
– permanent i.e.
from Stage 6.

Moderate
significance,
beneficial.

Flood risk from surface
water along the Kester
Brook north of Gale Road
from Mead Cross UWS to
south of Goodstone.

Low

Minor beneficial –
progressive until
end of Stage 5.

Slight
significance,
beneficial.

Flood risk from
groundwater along the
Kester Brook north of Gale
Road from Mead Cross
UWS to south of
Goodstone.

Low

Minor beneficial –
progressive until
end of Stage 5.

Slight
significance,
beneficial.
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Activity

Water
Environment
Feature
(Receptor)
Importance

Magnitude and
Duration of
Potential Impact
with Mitigation

Overall
Significance of
Potential Impact
with Mitigation
(Adverse unless
stated
otherwise)

Bunds in south east Surface water runoff to the
and east of Alston
Kester Brook ordinary
Farm fields
watercourse.

Low

Negligible –
permanent,
progressive from
Stage 1.

Not significant.

Balland Stream
flood flow diversion
to quarry

Flood risk from fluvial flows
and or surface water runoff
within the quarry and
proposed extension.

Low

Moderate adverse –
until end of Stage 5.

Slight
significance.

Flood risk from fluvial flows
and or surface water runoff
to Ashburton from the
Balland Stream.

High

Moderate beneficial
– permanent, from
end Stage 0.

Moderate
significance,
beneficial.

Flow in the Balland Stream
main river.

Low to Medium

Minor beneficial,
permanent from
Stage 6

Slight
significance,
beneficial.

Flow in the Kester Brook
ordinary watercourse
downstream of the A38 at
Mead Cross Unconfirmed
Wildlife Site.

Minimal

Negligible,
permanent from
Stage 6.

Not significant.

Flow in Kester Brook
ordinary watercourse and
springs south of
Goodstone at Four Acres
and Glendale, which
provide baseflow to the
Kester Brook.

Low

Negligible.

Not significant.

Flow in Lemonford stream
ordinary watercourse at
Higher Lemonford.

Low

Negligible,
permanent from
Stage 6.

Not significant.

Flow in the River Lemon
main river from Bickington
to confluence with the
Kester Brook.

Medium

Negligible,
permanent from
Stage 6.

Not significant.

Water resources in the
River Ashburn surface
water catchment (part of
the Dart, Start Bay and
Torbay WFD Operational
Catchment).

Medium

Minor beneficial,
permanent from
Stage 6.

Slight
significance
beneficial.

Water resources in the
River Lemon surface water
catchment (part of the
Teign WFD Operational
Catchment).

Medium

Minor adverse,
permanent from
Stage 6.

Slight
significance.

Water resources within the
Chercombe Bridge
Limestone Formation
Principal Aquifer

Medium

Negligible.

Not significant.

Restored quarry
lake with controlled
discharge to the
Balland Stream

Water Environment
Feature (Receptor)
Affected
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Activity

Water Environment
Feature (Receptor)
Affected

Water
Environment
Feature
(Receptor)
Importance

Magnitude and
Duration of
Potential Impact
with Mitigation

Overall
Significance of
Potential Impact
with Mitigation
(Adverse unless
stated
otherwise)

Water resources within
Secondary Aquifers around
the CBLF such as to the
north the Crackington
Formation which includes
the St Mellion Formation,
and to the south the
Gurrington Slate
Formation.

Medium

Negligible

Not significant.

Water resources in the
Teign, Avon Dart and Erme
WFD Operational
Groundwater Catchment.

Low

Minor beneficial,
permanent from
Stage 6.

Slight
significance,
beneficial.

Private water supplies from
the Chercombe Bridge
Limestone Formation
principal aquifer supplying
property at The Glen.

Low

Negligible,
permanent from
Stage 6.

Not significant.

Private water supplies from
the Chercombe Bridge
Limestone Formation
principal aquifer supplying
property at The Larches.

Low

Negligible,
permanent from
Stage 6.

Not significant.

Private water supplies from
Secondary A aquifer
supplying properties at
Brownswell.

Low

Negligible,
permanent from
Stage 6.

Not significant.

Private water supplies from
Secondary A aquifer spring
supplying Alston Farm and
Alston Cottage.

Low

Negligible,
permanent from
Stage 6.

Not significant.

Private water supplies from
Secondary A aquifer well
supplying Little Barton.

Low

Negligible,
permanent from
Stage 6.

Not significant.

Little Barton Fields
Unconfirmed Wildlife Site

Low

Negligible,
permanent from
Stage 6.

Not significant.

Mead Cross Unconfirmed
Wildlife Site

Minimal

Negligible,
permanent from
Stage 6.

Not significant.

Flood risk to Ashburton
from the Balland Stream.

High

Moderate beneficial
– permanent i.e.
from Stage 6.

Moderate
significance,
beneficial.

Flood risk from surface
water flows in the Kester
Brook north of Gale Road
from Mead Cross UWS to
south of Goodstone.

Low

Negligible,
permanent from
Stage 6.

Not significant.
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Activity

Water Environment
Feature (Receptor)
Affected

Flood risk from
groundwater along the
Kester Brook north of Gale
Road from Mead Cross
UWS to south of
Goodstone.

Water
Environment
Feature
(Receptor)
Importance

Magnitude and
Duration of
Potential Impact
with Mitigation

Overall
Significance of
Potential Impact
with Mitigation
(Adverse unless
stated
otherwise)

Low

Negligible,
permanent from
Stage 6.

Not significant.

Cumulative Effects
12.174.

The proposed extension to Linhay Hill Quarry with the associated necessary infrastructure entails
extensive changes to improve control and management of the local surface water drainage and
reduce flood risk. The cumulative effect will be reduced flood risk to Ashburton from the Balland
Stream, and reduced flood risk in the upper catchment of the Kester Brook south of the A38.

12.175.

The Environment Agency is also developing a scheme of measures for reducing flood risk in
Ashburton, and future development proposed within the Dartmoor National Park Authority’s Chuley
Road Masterplan area will require flood mitigation measures. Hence drainage improvements
undertaken as part of the proposed extension to Linhay Hill Quarry will have a beneficial cumulative
effect in combination with the Environment Agency’s flood risk mitigation plans.

Summary of Effects and Conclusions
12.176.

A Flood Risk Assessment and Hydrogeological Impact Assessments have been undertaken to
inform preparation of this ES chapter on Water Resources.

12.177.

The quarry is working the Chercombe Bridge Limestone Formation, a buried karst with sinking
streams, swallow holes, and conduits, and the quarry currently lies within the River Ashburn
catchment but will extend east into the catchment of the Kester Brook.

12.178.

Potential impacts from deepening of the quarry in the absence of proposed mitigation measures
have been assessed using a series of conservative assumptions and can be summarised as
follows:


Due to the apparent reduction in permeability at depth within the CBLF and the dominant
influence of flowing discontinuities in the shallower Levels of the quarry on drawdown
beyond the quarry boundary, proposed deepening of the quarry is expected to generate a
relatively small increase in dewatering rates, from 823 ML/yr to an estimated maximum of
934 ML/yr.

The quarry’s groundwater catchment will grow by a maximum of 18% in response to
deepening, with the majority of the expansion to the southeast, towards Higher Mead,
although drawdown is not expected to extend as far as this. Closer to the quarry, increased
drawdown has the potential to remove the inferred groundwater divide that currently exists
between the quarry and the boundary of the Foxley Tuff Formation to the southeast.
Following removal of this groundwater divide, groundwater downgradient of the spring at
Higher Mead would flow towards the quarry. Existing hydraulic boundaries limit the
expansion of the quarry’s groundwater catchment to the southwest, northwest and northeast.
Due to the heterogenous nature of flow within the shallow parts of the CBLF, there is no reliable
basis for quantifying future inflows to the quarry as the extension progresses. However, the future
maximum extent of drawdown and the quarry’s groundwater catchment are likely to be constrained
by the local topography and the presence of several hydraulic boundaries.


12.179.

12.180.

Following implementation of the proposed mitigation measures, the projected maximum extent of
drawdown from the quarry is expected to lie slightly west of the hamlet of Caton, whilst limited or
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negligible additional drawdown is anticipated to the northwest, southeast and southwest of the
quarry boundary. Within the projected extent of drawdown, a steep cone of depression is
anticipated around the quarry faces, with drawdown of less than 10 m beyond the extended quarry
boundaries, reducing to negligible drawdown at the edge of the projected extent. For context,
groundwater levels in the CBLF naturally vary by around 10 m throughout the year in response to
variations in rainfall and near-surface evaporation. Ongoing, regular monitoring and reporting
would be used to assess any departures from the projected extent and magnitude of drawdown,
with agreed trigger levels driving appropriate investigations and prompt mitigation responses.
12.181.

Flood risk concern will be mitigated by attenuation basins along the Balland Stream and by new
drainage at Alston Farm. The quarry void will continue to act as a water storage area and following
the cessation of extraction and dewatering the enlarged void will naturally be restored to open
water with outflow control to provide ongoing flood attenuation, as will be the case for the existing
quarry.

12.182.

A range of mitigation measures is planned and are incorporated into the design proposals, with a
monitoring plan outlined in the HIA 2020 which would provide data from which to confirm the design
and setting of trigger levels for future mitigation of effects on water resources as per the
Environment Agency’s Science Report – SC040020/SR1 methodology.

12.183.

There will be residual flood risk at specific locations due to existing constraints which cannot be
wholly removed, though the long term surface water management will be improved with the
cumulative effect being reduced flood risk to Ashburton from the Balland Stream, and reduced
flood risk in the upper catchment of the Kester Brook south of the A38.

12.184.

The overall residual effect is considered to be slight in EIA terms, with no adverse effects of
moderate significance or above, and beneficial effects ranging from ‘slight significance’ to
‘moderate significance’. The latter relates to reduced flood risk for Ashburton from improved
management of flow from the Balland Stream catchment above Linhay Hill Quarry.
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Appendix 12C
Hydrogeological Impact
Assessment 2020
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