5.3.

Potential unmitigated impacts from quarry extension

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.
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 in Section 5.2.
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 described in Section 7.2.
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 that shown in Figure 5-1 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). To remain conservative, this contraction has not been shown in Figure 5-2, which presents
the maximum extent of the extended quarry’s groundwater catchment by Stage 5 of the extension in the
absence of further mitigation measures (other than infiltration from the Balland Pit and associated discharges to
the Balland Stream, which will continue under all foreseeable design scenarios).
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 constrained by the following
factors, which are marked on Figure 5-2 and Figure 5-3:
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.
2. As the quarry extends to the northeast, the combined influence of the Balland Pit (see Sections 4.4.3.3,
and 4.5.7), discharges to the Balland Stream (leading to exfiltration, as discussed in Section 4.4.6.1)
and local topography (Section 4.6.3) 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. As stated above, the effects of this have not been
incorporated when considering the maximum extents shown in Figure 5-2 and Figure 5-3.
3. As discussed in Section 5.2, 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, as discussed in Section 7.2. 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 strikeslip fault to the north of Caton (Section 4.4.2), which could affect flow in the Goodstone springs and
Kester Brook during winter, when these features are predominantly groundwater fed (Section 4.4.6.2).
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
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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. As shown in Section 5.2, 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 area of drawdown shown in Figure 5-3 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.
As described above, there are several conservative assumptions inherent in the projected groundwater
catchment and drawdown extents shown in Figure 5-2 and Figure 5-3. However, this 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 Section 7.2.
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*Circled numbers described in text of Section 5.3

⑤
④

①

②
③

Figure 5-2 - Maximum unmitigated extent of groundwater catchment following proposed deepening and extension of the quarry
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*Circled numbers described in text of Section 5.2

⑤

④

①

③
②

Figure 5-3 - Projected maximum unmitigated extent of drawdown following proposed deepening and extension of the quarry
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5.4.

Potential impacts following restoration

Following restoration, it is envisaged that the lake in the quarry void will have an outflow route to the Balland
Stream at an elevation of approximately 96-97 mAOD (Table 2-1) 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.
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 (see SE1A in
Figure 4-59), 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.
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 SE1A (Figure 4-59) 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.
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 (Table 4-25). It is anticipated that evaporation from a larger lake postrestoration 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.
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, in SE1A. 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 this watercourse will not be impacted.
The balancing pond will be restored to an open water ecological feature and the existing unnamed drainage
line through Alston Farm (referred to as the Alston stream) will be diverted to run west of the bunds in a lined
channel but will continue to flow towards the Kester Brook to the south.
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6.

Sensitive sites and baseline monitoring

6.1.

Introduction

The following sections present an assessment of receptors in the vicinity of the quarry’s projected maximum
extent of drawdown, in the absence of further mitigation (Section 6.2.1), and identify which of these have the
potential to be impacted; these are defined as sensitive sites (Section 6.2.2). A programme for continued
baseline monitoring, supplementing existing data from the Study Area, is then presented to enable early
identification of future changes to the water environment in the vicinity of these sensitive sites, and to identify
departures from the projected drawdown extent that would require a revised assessment of potential impacts,
before they occur.
These sections address the following steps in the Environment Agency’s methodology for assessing
dewatering impacts in karst (Environment Agency, 2007):


Step K3: Identify sensitive sites.

 Step K4: Commence preliminary monitoring at those sites.
The monitoring programme, described in Section 4.2.5 of this report, contributes to Step K4, although
continued data collection is proposed to develop a more complete record of temporal and spatial variability in
the water environment in the vicinity of sensitive sites.
Whilst previous comments from stakeholders have suggested the potential for impacts to more distal receptors,
such as the Pridhamsleigh Caverns, 3.7 km to the southwest of the quarry, the available data show that current
dewatering impacts are far more localised. The limited permeability of the CBLF at depth, and the ongoing
presence of hydraulic boundaries to the southwest will constrain the extent of future drawdown, following
proposed deepening and extension of the quarry to the northeast; these factors are discussed further in
Sections 4.7 and 5.
As discussed in Section 6.2.1, the assessment of impacts focuses on receptors within the projected maximum
extent of drawdown in the absence of mitigation, as well as those within a 1 km radius of this extent. Whilst the
projected maximum extent of drawdown is based on a detailed conceptual model of the site and multiple lines
of evidence, in common with all hydrogeological projections, it remains subject to residual uncertainty.
The consideration of potential receptors within this 1 km ‘buffer zone’ and the inclusion of monitoring locations
to identify departures from the projected extent of drawdown (Sections 6.3 and 7.4) addresses this residual
uncertainty and takes a precautionary approach to managing potential impacts. Furthermore, the proposed
timescale for deepening and extension of the quarry means that drawdown would occur incrementally, over a
period of many years, allowing ongoing monitoring (Section 7.4), periodic reviews (Section 7.5) and mitigation
measures (Section 7.2) to identify and respond to unexpected increases in drawdown at an early stage.

6.2.

Sensitive sites

6.2.1.

Assessment of receptors

This section describes receptors that could be affected by changes to the water environment induced by
proposed quarry activities. Watercourse and spring locations were identified from Ordnance Survey maps of
the area, with additional intermittent drainage channels, flood exceedance routes and springs identified by
Atkins during site investigations. Similarly, Atkins has identified two private water supplies during site
investigations, which supplement the locations obtained from Teignbridge District Council (2020).
Figure 6-1 shows the locations of potential receptors with respect to the projected maximum extent of
drawdown, in the absence of proposed mitigation measures. Existing discharges to the Balland Stream and
maintenance of water levels in the Balland Pit will continue under all viable scenarios for future operation of the
quarry. As such, the unmitigated maximum extent of drawdown includes these features.
An assessment of current and projected impacts to potential receptors is presented in Table 6-2, comprising
receptors within the projected maximum extent of drawdown at the end of Stage 5 (Section 5), as well as those
within 1 km of this unmitigated extent. The assigned impacts are based on the magnitude of impact criteria in
Table 6-1. Due to the intermittent nature of flow in the Alston, Caton, Samastar and Mead Farm streams, and
nearby groundwater levels during winter lying several metres below the stream bed elevations, it is clear that
these watercourses do not receive baseflow in the vicinity of the quarry. As shown in Section 4.4.3.2, they are
also disconnected from the groundwater system and hence are not considered to be sensitive to drawdown.
Whilst they do not constitute sensitive receptors in their own right, they transmit flow to sensitive receptors and
are considered in the development of mitigation measures in Section 7.2.
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Table 6-1 - Magnitude of impact criteria
Magnitude
of impact
(change)

Criteria

Description and examples

Major

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 water chemistry or hydro-ecology.
 Substantial change in flood storage or flood risk affecting important infrastructure or
inhabited properties.

 Pollution or clean-up of public or private drinking water source.
Moderate

Affects
integrity of
key elements
or attributes
of feature, or
loss of part of
feature.

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.
Minor

Minor effect
on feature or
its attributes.

Measurable but slight non-material change to the water environment at a local scale. For
example:
 Discernible but limited change to a watercourse, hydrology or hydrodynamics.
 Discernible limited 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 and small effects on people or
property.
Negligible

Effect on
feature but of
insufficient
magnitude to
affect the
use, integrity
or quality.

No perceptible changes to the water environment. For example:
 No alteration or very minor changes with no discernible effect to watercourses,
hydrology, hydrodynamics, erosion or sedimentation patterns.
 Discharges to watercourse but no change in quality, fisheries productivity or biodiversity.
 No change in flood risk.

 No change to the quality of private or public drinking water resources.
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Lemonford spring

Goodstone
springs

Figure 6-1 - Potential receptors with respect to projected maximum extent of drawdown in the absence of mitigation (Stage 5)
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Table 6-2 - Current and projected future impacts to receptors without mitigation
Feature

Current impacts

Potential future impacts without mitigation

Features within current/projected maximum extent of drawdown
Spring catchments
Goodstone springs

Negligible. The springs’ catchment lies to the east of a natural groundwater
divide and hence, beyond the groundwater catchment of the quarry.

Minor. Reduction in flow from the western part of the current catchment, which lies
within the quarry’s projected extent of drawdown. Impacts are expected to be minimal
during summer, when dewatering from the quarry is greatly reduced (Section 4.5.6),
although a small, but discernible reduction in flow is likely during winter, when quarry
dewatering rates are highest. Partial diversion of the Caton stream by local landowners
means that flow to the swallow hole behind Caton Farmhouse is currently substantially
reduced relative to its previous conditions (Section 4.3.4), thereby reducing the potential
magnitude of impacts if water from the swallow hole’s downstream conduit network is
intercepted by the quarry following its proposed extension.

Water Framework Directive (WFD) water bodies
Teign, Avon, Dart
and Erme
groundwater body
(GB40802G800700)

Negligible. The inferred extent of drawdown from the quarry (1.2 km2,
Section 4.6.2), is small compared to the groundwater body extent of around
1,400 km2 (Environment Agency, 2020a). Approximately 99% of
groundwater inflows to the quarry are returned to the surrounding water
environment, although locally, the apportionment of flow between
groundwater and surface water may be altered. Around 18 ML/yr of water
is exported in quarry products. Groundwater in the Study Area is not
heavily exploited and the quantitative status of the groundwater body is
‘Good’.

Negligible. Burial of the Alston stream swallow hole would reduce the focussed
allogenic recharge at that location, though infiltration through the diverted stream bed
would still be likely because the ground conditions will be similar to the existing route.
The projected extent of drawdown, covering an approximate area of 1.8 km2, remains
small relative to the extent of the groundwater body, with the majority of expansion to
the northeast and within the outcrop of the CBLF. By maintaining current rates of
extraction, exported water in quarry products will remain a small component of the
overall water balance, whilst the remainder of groundwater inflows to the quarry will be
returned to the surrounding water environment. As such, dewatering will not affect the
quantitative status of the groundwater body.

Minor. The stream itself lies within the edge of the quarry’s extent of
drawdown. Whilst the majority of the quarry’s extent of drawdown lies
within the Balland Stream’s groundwater catchment, leading to a reduction
in baseflow, 99% of groundwater inflows to the quarry are returned to the
Balland Stream, either directly or following recirculation through the bed of
the Balland Pit and the quarry sump. This mechanism moderates flood
peak flows during winter and helps to maintain flow during summer. Water
discharged by the quarry has slightly elevated concentrations of nitrate and
sulphate, although both are well below relevant environmental quality
standards.

Minor. Additional inflows to the quarry will continue to be transferred to the Balland
Stream, negating potential impacts on baseflow. Discharge from the quarry will continue
to support low flows during summer and attenuate the potential magnitude of flood
peaks during winter. Should the quarry intercept water from the groundwater catchment
of the Kester Brook, there is a risk that discharges from the quarry via the current
mechanism alone would raise flows in the Balland Stream above their natural range,
whilst derogating flow within the Kester Brook.
By following current operational practices, there is not expected to be a deterioration in
water quality.

Watercourses
Balland Stream
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Feature

Current impacts

Potential future impacts without mitigation

Kester Brook

Negligible. Tracer testing indicates that the quarry’s groundwater
catchment extends only as far as the Alston stream, which naturally flows
westwards towards the Balland Stream, via the Alston stream swallow hole
and infiltration through the stream bed.

Minor. If infiltration through the bed of the Alston stream is prevented following its
diversion around the proposed bunds, drawdown is likely to eventually reach the Caton
stream swallow hole, which is hydraulically connected to the Goodstone springs and in
turn, the upper reaches of the Kester Brook. Following diversion of the Caton stream by
local landowners, flow to the Caton stream swallow hole has been greatly reduced (see
Section 4.3.4), although the capture of flow from this point source of recharge and the
occurrence of drawdown in the western part of the Goodstone springs’ catchment would
still lead to a minor reduction in flow within the Kester Brook during winter. This is likely
to have been partially offset by infilling of the Mead Farm stream swallow hole (see
Table 4-12 for a comparison of flows in the Caton and Mead Farm streams).
Runoff from the bunds is likely to reach the Kester Brook during wet conditions, via the
diverted Alston stream and the Mead Farm stream. However, the soil and rock used to
form the bunds will be derived from the proposed extension area, and hence the
chemical quality of water draining from those bunds is expected to be the same as for
water currently flowing over or draining from those soils and rock. No discernible
changes to surface water quality are anticipated as a result.

Licensed abstractions
None

N/A

N/A

Unlicensed abstractions (private water supplies)
BH15

None. The borehole lies substantially beyond the inferred extent of
drawdown for the current quarry.

Minor. The BGS records for this borehole (BGS ID 612791, BGS (2020b)) indicate less
than 2 m of drawdown when the borehole pump was operated at its maximum capacity
of 1m3/hr (following installation in 1963), leaving nearly 7 m of head above the pump
intake. As the borehole is expected to lie close to the eastern edge of the projected
extent of drawdown, the maximum yield of the borehole is unlikely to be affected and as
an unlicensed abstraction, its operational yield is limited to 20m3/day. However, it is
likely that measurable drawdown will occur at this location as the quarry reaches its
proposed extent, which may lead to a discernible increase in pumping costs.

None. As stated in the accompanying ecological assessment, the Mead
Cross UWS is not groundwater dependent. During periods of high flow,
surface water from the Alston stream is able to bypass the quarry and
cross the A38 via a pipe, which conveys flow to the Mead Cross UWS.
Whilst flow in an ephemeral channel in the north of the UWS occurs during
extremely wet periods, the site does not depend on surface water from the
Alston stream.

Negligible. As the Mead Cross UWS is not groundwater dependent, 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 be reduced. An assessment of
the change in surface water runoff from the Alston Farm fields is provided in the Flood
Risk Assessment.

Biodiversity sites
Mead Cross
Unconfirmed
Wildlife Site (UWS)
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Feature

Current impacts

Potential future impacts without mitigation

Other features within 1 km of projected maximum extent of drawdown
Spring catchments
Multiple springs
within Tavy and
Crackington/St
Mellion Formations
to north of CBLF

None. Groundwater levels in NW1S, which is situated close to the quarry
and at the southern edge of the low permeability Tavy Formation, lie close
to the ground surface, indicating negligible drawdown at this point and no
drawdown as far north as the springs.

None. Given the negligible drawdown in the Tavy Formation in response to drawdown
of around 60 m at the quarry sump, deepening and extension of the quarry is not
expected to generate measurable drawdown beyond the southernmost margins of this
formation. A substantially greater increase in drawdown than that projected would be
required to impact groundwater levels within these spring catchments.

Lemonford spring

None. Drawdown does not extend further east than the Alston stream
swallow hole.

Negligible. Tracer testing suggests that during wet periods, there may be a small
component of flow from the Alston stream swallow hole to the Lemonford stream, which
would be lost following burial of the swallow hole by the proposed overburden bunds,
although infiltration through the base of the stream over its diverted section would still
occur. The tracer testing results overall indicate that the additional area of drawdown to
the east of the quarry lies predominantly within the groundwater catchment of the Kester
Brook and the Balland Stream.

S24 and Higher
Mead spring

None. Drawdown does not extend beyond the northern boundary of the
Foxley Tuff Formation.

None. The low permeability of the Foxley Tuff Formation and the distance from the
current extent of drawdown makes impacts on these spring catchments highly unlikely.

Pitley Farm springs

None. Groundwater level data to the southwest of the quarry and flow
accretion analysis of the Balland Stream demonstrate that there is no
drawdown in the CBLF downgradient of these springs. The location of the
springs, at the contact between the low-permeability Gurrington Slate and
Foxley Tuff Formations, further insulates them from drawdown.

None. Groundwater levels to the southwest of the quarry are well controlled by the local
topography, water levels within the Balland Pit and discharges to the Balland Stream.
These factors will be unaffected by proposed deepening and extension of the quarry to
the northeast, whilst the low permeability of the Gurrington Slate and Foxley Tuff
Formations provides a further level of protection to these springs.

Water Framework Directive (WFD) water bodies
None

N/A

N/A

Negligible. At its closest point, the River Ashburn is more than 600 m from
the inferred extent of drawdown and overlies the low permeability Tavy
Formation. It is separated from the quarry by a topographic divide at this
point. Further to the southwest, where the topographic divide is absent and
the river crosses the edge of the CBLF, the Ashburn is more than 1.2 km
beyond the projected extent of drawdown, whilst thinning of the CBLF in this
area (Figure 4-3) is likely to restrict its hydraulic connection to the rest of the
formation to the northeast. Although the quarry intercepts flow to the Balland
Stream, a tributary of the River Ashburn, this water is returned to the Balland
Stream more than 1.5 km northeast of the confluence of these watercourses.

Negligible. Groundwater levels to the southwest of the quarry are well controlled by the
local topography, water levels within the Balland Pit and discharges to the Balland
Stream. These factors will be unaffected by proposed deepening and extension of the
quarry to the northeast, whilst the intervening geology and the presence of a
topographic divide provide additional protection to this watercourse. Continued
discharges from the Balland Stream catchment to the Balland Stream means that no
discernible changes in flow within the River Ashburn are anticipated.

Watercourses
River Ashburn
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Feature

Current impacts

Potential future impacts without mitigation

Licensed abstractions
None

None. No licensed groundwater abstractions exist within 4 km of the
projected extent of drawdown. The nearest surface abstraction lies 1.7 km
northeast of the current extent of drawdown, which does not extend into the
surface water catchment of the River Lemon.

None. The nearest surface abstraction lies 1.3 km northeast of the projected extent of
drawdown, which does not extend into the surface water catchment of the River Lemon.

Unlicensed abstractions (private water supplies)
Spring S21
Borehole BH10

None. Groundwater levels in NW1S, which is situated close to the quarry
and at the southern edge of the low permeability Tavy Formation, lie close
to the ground surface, indicating negligible drawdown at this point and no
drawdown as far north as these private water supplies.

None. Given the negligible drawdown in the Tavy Formation in response to drawdown
of around 60 m at the quarry sump, deepening and extension of the quarry is not
expected to generate measurable drawdown beyond the southernmost margins of this
formation. A substantially greater increase in drawdown than that projected would be
required to impact groundwater levels within the catchment of these private water
supplies.

Spring S13 and
PWS U5

None. As above, although the greater distance from the quarry further
lowers the potential for drawdown to occur in this area.

None. As above, although the greater distance from the quarry further lowers the
potential for drawdown to occur in this area.

Borehole BH11

None. The results of tracer testing and groundwater level monitoring
indicate that the quarry’s groundwater catchment and drawdown extent lie
at least 700 m west of this borehole.

None. The projected extent of drawdown lies around 400 m west of this borehole. Due
to the presence of a NNW-SSE trending fault to the north of Caton, additional
drawdown in this area is likely preferentially follow this orientation, rather than extending
to the east.

Borehole BH12

None. The borehole lies in a different topographic catchment to the quarry
and is separated from the CBLF by several hundred metres of lowpermeability strata, comprising the Foxley Tuff and Gurrington Slate
Formations.

None. The borehole lies in a different topographic catchment to the quarry and is
separated from the CBLF by several hundred metres of low-permeability strata,
comprising the Foxley Tuff and Gurrington Slate Formations.

Spring S24

None. Drawdown does not extend as far as the northern boundary of the
Foxley Tuff Formation.

None. The low permeability of the Foxley Tuff Formation and the distance from the
current extent of drawdown makes impacts on this spring catchment highly unlikely.

None. Groundwater levels in NW1S, which is situated close to the quarry
and at the southern edge of the low permeability Tavy Formation, lie close
to the ground surface, indicating negligible drawdown at this point and no
drawdown as far north as the UWS.

Negligible. The 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.

Biodiversity sites
Little Barton Fields
Unconfirmed
Wildlife Site (UWS)
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Feature

Current impacts

Potential future impacts without mitigation

Other non-statutory
sites

None. Several other unconfirmed wildlife sites (UWS) and other sites of
wildlife interest (OSWI) are present between 400 m and 1 km from the
inferred current extent of drawdown. Their locations on low permeability
formations beyond the CBLF and the presence of intervening topographic
divides or hydraulic boundaries, such as springs or watercourses, preclude
the possibility of drawdown impacts.

None. The projected increase in the quarry’s extent of drawdown brings it closest to the
Parlands UWS, although the location of this site beyond the Goodstone springs and the
mapped outcrop of the CBLF at its closest point makes impacts at this location
extremely unlikely.
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6.2.2.

List of sensitive sites

The assessment in Table 6-2 indicates that, in the absence of further mitigation measures, some sites may
experience minor impacts from the proposed deepening and extension of the quarry. These sensitive sites are
as follows:


the Goodstone springs;



the Balland Stream;



the Kester Brook; and

 BH15.
An extended programme of monitoring is proposed to confirm baseline conditions in the vicinity of these
sensitive sites, supplementing the existing data that have been collected near the quarry since late 2017.
Whilst dewatering from the quarry will not affect the quantitative status of the Teign, Avon, Dart and Erme
groundwater body, substantial drawdown beyond the projected extent following proposed deepening and
extension of the quarry would require a revised assessment of sensitive sites. A programme of ongoing
monitoring, periodic review and mitigation to address uncertainty in the extent and magnitude of future impacts
is described in Section 7.

6.3.

Baseline monitoring

6.3.1.

Summary of monitoring locations

The assessment in Table 6-2 is based on the available data from extensive site investigations, as described in
Section 4.2.1. In the main, these data have been collected since late 2017/early 2018 and contribute both to the
conceptual understanding of the water environment and a baseline dataset, against which future impacts can
be assessed. Environment Agency guidance (Environment Agency, 2007) recommends at least three years of
pre-development monitoring and the latest Regulation 22 Request, which suggests additional baseline
monitoring for the Linhay Hill Quarry, is consistent with this guidance (Wood, 2020). The Environment Agency
has stated that the baseline monitoring can be completed following determination of the planning application,
by “way of a suitably worded planning condition” (Environment Agency, 2016).
In line with recommendations given in these documents, continued monitoring is planned to further characterise
seasonal and interannual variability in the water environment prior to the proposed deepening and extension of
the quarry. The establishment of this baseline is intended to support early identification of the following:


potential future impacts to the sensitive sites listed in Section 6.2.2;



patterns of drawdown that differ from the projected extents shown in Sections 5 (unmitigated) and 7
(mitigated), leading to a revised assessment of receptors in the water environment that may be impacted in
future; and

changes in groundwater level that may affect subsidence risk drawdown (see Land Stability Risk
Assessment 2020 in Appendix 17.2 of the Environmental Statement).
Whilst no impacts are predicted in the more distal parts of the Study Area, all hydrogeological assessments are
subject to a degree of uncertainty. This uncertainty is greater in karst systems, where groundwater flow may be
concentrated in a relatively small number of preferential pathways. As such, the proposed monitoring plan
(including baseline and operational components) ensures that departures from the projected area of impacts
can be identified promptly; criteria for identifying these impacts and associated actions are presented in Section
7.


Proposed monitoring locations are shown in Figure 6-2, whilst the rationale for these locations, which is linked
to the above objectives, is provided in Table 6-3. It is envisaged that this continued baseline monitoring is
undertaken unchanged over a period of three years post-determination, in conjunction with continued
monitoring of flows and water levels in the quarry (Section 4.3.5.5) and rainfall monitoring at the Alston Farm
rain gauge (Section 4.3.2.).
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Figure 6-2 - Proposed locations for continued baseline monitoring
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Table 6-3 - Parameters and rationale for continued baseline monitoring
Location

Description

Proposed monitoring

EB1

Culvert in Kester
Brook, downstream
of Goodstone
springs1 (upgrade to
current monitoring
location at MP18)



EB2

EB3

EB4

Balland Stream,
upstream of quarry
discharge (upgrade
to current MP1)

Balland Stream at
Glentor (continued
monitoring of MP4)

Caton stream,
upstream of partial
flow diversion1 (new
monitoring location,
upstream of current
MP15)
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Flow at 15-minute intervals by means
of an area velocity meter and
automated datalogger



Quarterly water quality sampling



EC at 15-minute intervals via an
automated datalogger



Flow at 15-minute intervals by means
of a weir plate and radar sensor for
water levels

Associated receptors


Goodstone springs



Kester Brook



Balland Stream



Kester Brook

Aim


Identification of future flow
impacts to the Goodstone springs
and Kester Brook, should
drawdown from the quarry extend
into their groundwater
catchments.



Identification of water quality
impacts due to runoff from the
bunds and/or mitigation
discharges (see Section 7).

Upstream and downstream monitoring
enables:


Identification of excess flow
mitigation, following potential
transfer of water from the Kester
Brook catchment.

Flow at 15-minute intervals by means
of a radar sensor for water levels and
a surface velocity meter



Identification of future water
quality impacts related to quarry
discharge.



Quarterly water quality sampling





EC at 15-minute intervals via an
automated datalogger

Sentinel monitoring for greater
than expected drawdown to the
southwest of the quarry, leading
to reduced flow accretion
between these monitoring
locations.



Flow at 15-minute intervals, through
creation of a flume or weir and
recording of water levels via an
automated datalogger





Quarterly water quality sampling



EC at 15-minute intervals via an
automated datalogger

Quantification of flow that has
historically been conveyed by the
Caton stream swallow hole to the
Kester Brook. Provides a basis for
how much mitigation flow could
be discharged via this route.



Sentinel monitoring for water
quality impacts due to mitigation
discharges (see Section 7).



Quarterly water quality sampling



EC at 15-minute intervals via an
automated datalogger





Kester Brook
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Location

Description

Proposed monitoring

Alston stream, near
A38 (new location for
monitoring water
quality)



Quarterly water quality sampling



EC at 15-minute intervals via an
automated datalogger

EB6

New shallow
borehole in Tavy
Formation



EB7

Boreholes NW1S and
NW1D (continued
use of current
monitoring location)
New deep and
shallow borehole pair
near Caton

EB5

EB8

EB9

Borehole NE11
(continued use of
current monitoring
location)
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Associated receptors

Aim



Kester Brook



Sentinel monitoring for water
quality changes due to runoff from
the bunds, prior to an impact
occurring in the Kester Brook (see
Section 7).

Water levels at 15-minute intervals,
using an automated datalogger



Groundwater system to
the north of expected
drawdown extent



Sentinel monitoring for greater
than expected drawdown in the
Tavy Formation, triggering a
revised assessment of potential
receptors (see Section 7.5).



Water levels at 15-minute intervals,
using an automated datalogger







Quarterly manual water levels dips to
verify/calibrate datalogger values

Groundwater system to
the north of expected
drawdown extent

Sentinel monitoring for greater
than expected drawdown in the
Tavy Formation, triggering a
revised assessment of potential
receptors (see Section 7.5).



Water levels at 15-minute intervals,
using an automated datalogger



Goodstone springs





Kester Brook



Quarterly manual water levels dips to
verify/calibrate datalogger values



Groundwater system to
the northeast of expected
drawdown extent

Identification of drawdown in the
catchment of the Goodstone
springs and Kester Brook.



Sentinel monitoring for greater
than expected drawdown further
to the northeast of the proposed
extension area, triggering a
revised assessment of potential
receptors (see Section 7.5).



Assessment of the effectiveness
of mitigation measures (see
Section 7).



Sentinel monitoring for
unexpected drawdown to the
northeast of the proposed
extension area, including within
the catchment of the River
Lemon, triggering a revised
assessment of potential receptors
(see Section 7.5).



Water levels at 15-minute intervals,
using an automated datalogger



Quarterly manual water levels dips to
verify/calibrate datalogger values



Groundwater system to
the northeast of expected
drawdown extent
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Location
EB10

EB11

EB12

EB13

EB14

Description

Proposed monitoring

Boreholes M1S and
M1D (continued use
of current monitoring
location)



Water levels at 15-minute intervals,
using an automated datalogger



Quarterly manual water levels dips to
verify/calibrate datalogger values

Borehole SE3
(continued use of
current monitoring
location)



Water levels at 15-minute intervals,
using an automated datalogger



Quarterly manual water levels dips to
verify/calibrate datalogger values

Boreholes SW1S and
SW1D (continued
use of current
monitoring location)



Water levels at 15-minute intervals,
using an automated datalogger



Quarterly manual water levels dips to
verify/calibrate datalogger values

BH151 (new
monitoring location)



Water levels at 15-minute intervals,
using an automated datalogger



Quarterly manual water levels dips to
verify/calibrate datalogger values (or
at an alternative frequency acceptable
to the borehole owner)



Water levels at 15-minute intervals,
using an automated datalogger



Quarterly manual water levels dips to
verify/calibrate datalogger values

New shallow
borehole in Foxley
Tuff Formation

Associated receptors

Aim



Groundwater system to
the northeast of the
current quarry



Identification of drawdown due to
proposed deepening of the
quarry. Assessment of land
stability impacts associated with
this drawdown would provide an
early indication of potential
impacts further to the east, in
response to the proposed quarry
extension (see Land Stability Risk
Assessment 2020).



Groundwater system to
the southeast of the
current quarry



Sentinel monitoring for greater
than expected drawdown to the
southeast of the quarry, triggering
a revised assessment of potential
receptors (see Section 7.5).



Groundwater system to
the southwest of the
quarry



Sentinel monitoring for additional
drawdown to the southwest of the
quarry, triggering a revised
assessment of potential receptors
(see Section 7.5).



BH15



Assessment of potential future
impacts on borehole water levels.



Groundwater system to
the southeast of expected
drawdown extent



Sentinel monitoring for greater
than expected drawdown in the
Foxley Tuff Formation, triggering
a revised assessment of potential
receptors (see Section 7.5).

1. Monitoring of this location would be subject to agreement from the landowner
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6.3.2.

Surface water monitoring

The watercourses within the Study Area present a variety of challenges for accurate flow monitoring, including:
highly variable flow rates; irregularly shaped channels; temporal variations in channel dimensions, due to
vegetation growth, large volumes of debris and unstable stream banks; and changes to surface water
management by local landowners, such as stream diversions, channel clearance and infilling of swallow holes.
These factors, as well as land ownership and access constraints, were considered in developing the proposed
monitoring approach. To ensure the integrity of the installation, quarterly inspections and maintenance are
proposed, to identify and remove debris with the potential to affect monitoring accuracy.
The culvert in the Kester Brook, at EB1, represents a stable structure of known dimensions, with limited
potential for blockages to occur. Atkins has commenced discussions with Devon County Council, which
currently owns and maintains the culvert, although access would be subject to the agreement of local
landowners. Minor remedial work is proposed on the culvert, to regularise its base at the downstream end.
Once remedial work is complete, an area-velocity meter will be installed for the remainder of the baseline
monitoring period, providing flow estimates at 15-minute intervals. The unstable nature of the Kester Brook
channel, with stream banks prone to collapse and the potential for large volumes of debris to accumulate,
makes the installation of a weir unfeasible without more major construction works, although that approach will
be examined as a contingency, in discussions with Devon County Council as the consenting authority and with
the relevant landowners.
The Goodstone springs comprise two separate sources, as noted in Section 4.3.4. There is no clearly defined
drainage channel associated with the larger of these springs, which exhibits seasonally-varying discharge over
a relatively wide extent. As such, EB1 is considered the most suitable location for accurate monitoring of flow in
this area and would establish a baseline for the combined contributions of the Goodstone springs, 50-70 m
upstream to the northwest, and the intermittent Mead Farm and Samastar streams, which converge
approximately 50 m upstream during wet conditions.
The proposed weir plate at EB2 will be installed within the existing blockwork channel just downstream of the
existing radar sensor water level monitoring point, on land currently owned by E&JW Glendinning and within
the boundary of the current planning application. The installation of the weir plate itself will require a Flood Risk
Activity Permit from the Environment Agency. Water levels will be monitored at 15-minute intervals, with
conversion to flow via standard analytical methods. Limited debris is conveyed by the Balland Stream at this
location and the blockwork channel depth is sufficient for the installation not to cause a blockage or increase
flood risk.
A radar sensor is currently installed over the Balland Stream at EB3 and will continue to record water levels at
15-minute intervals. This will be supplemented with a surface velocity radar sensor which, when applied to the
regular shape of the concrete-lined channel at this location, means that a surface velocity meter will provide
accurate estimates of flow. Due to the shallow depth of water in the channel during summer, a submerged
area-velocity meter would be unable to provide a continuous dataset and is considered unsuitable as a result.
The Caton stream at EB4 can be subject to large volumes of debris during periods of high flow, and has
seasonal vegetation changes, leading to a dynamic stage-velocity relationship. Velocity meters would not be
effective for this reason, whilst installation of a thin plate weir may impede flow, due to further debris
accumulation behind it. Following initial vegetation clearance, and minor repairs to the mortar channel,
construction of a flume of known dimensions (or alternatively a low profile broad crested or crump weir) will
enable accurate flow monitoring at this location. Water level monitoring will be undertaken at 15-minute
intervals by means of a datalogger installed within a stilling well, with conversion to flow by means of standard
methods. The installation would be subject to Land Drainage Consent.

6.3.3.

Water quality monitoring

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.
Sampling will be conducted quarterly, to identify seasonal variations in baseline water quality. Samples will be
collected, stored and transported in accordance with BS ISO 5667, implementing quality assurance and control
procedures in accordance with BS ISO 5667-14:2016. Samples will be analysed at a UKAS accredited
laboratory for:


total dissolved solids (TDS);



major ions; and



nitrate.
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In addition, standard field parameters (pH, electrical conductivity, redox and dissolved oxygen) will be recorded
by means of suitably calibrated monitoring equipment, whilst logging of electrical conductivity by means of an
automated datalogger will be used to identify shorter term fluctuations within the baseline dataset.
Changes in major ions, TDS and standard field parameters will be used to indicate potential changes in the
source of water to that location, whilst elevated nitrate concentrations may reflect rural or atmospheric sources
intercepted by the catchment of the quarry.
Additional sampling, to identify changes in water quality associated with proposed mitigation measures, is
discussed in Section 7.

6.3.4.

Groundwater level monitoring

Groundwater level monitoring will be conducted by means of automated absolute pressure dataloggers in each
borehole, recording at 15-minute intervals. Barometric pressure variations will be recorded by means of a
dedicated datalogger and used to convert measurements of absolute pressure obtained from the boreholes into
water levels with respect to Ordnance Datum.
To ensure the reliability of data obtained from these dataloggers, manual water level readings will be collected
on a quarterly basis, or in the case of BH15, at a frequency acceptable to the borehole owner. These manual
data will be used to constrain and calibrate values obtained from the dataloggers, which will be downloaded
quarterly. Following data collection, manual and datalogger values will be compared against historical datasets
to identify potential errors and in the case of anomalous values, further data from affected locations will be
carried out within two weeks.
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7.

Monitoring and mitigation plan

7.1.

Introduction

The most recent Regulation 22 Request requires further development of a monitoring and mitigation strategy to
address potential impacts from the quarry, described in Sections 5 and 6 of this report. The monitoring and
mitigation strategy presented in the current section addresses the following steps in the Environment Agency’s
methodology for assessing dewatering impacts in karst (Environment Agency, 2007):


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 passed.

7.2.

Mitigation measures

7.2.1.

Context

The Environment Agency guidance on karst emphasises the need to demonstrate the viability of mitigation
measures and counsels against “the development of theoretical schemes whose practicability and
effectiveness have not been demonstrated” (Environment Agency, 2007). In maintaining groundwater levels,
the guidance favours extensive recharge features, such as French drains or trenches, over point sources of
recharge, such as boreholes, whilst recharge to losing streams is deemed to be similarly effective for mitigating
effects to the underlying aquifer, although of course the latter method also supports surface water flow.
Through the maintenance of water levels in the Balland Pit and discharge to the Balland Stream in an area of
potential exfiltration, the quarry currently implements both of the measures favoured by current Environment
Agency guidance. As their effectiveness and viability have been demonstrated over a number of years,
maintenance of these features is a fundamental component of planned mitigation measures for the proposed
deepening and extension of the quarry, whilst the implementation of similar measures is planned in areas
previously unaffected by dewatering.
The most recent Regulation 22 Request for the quarry suggests monitoring “for at least twelve months prior to
the commencement of sub-water table operations” to inform the mitigation (Wood, 2020). Additional dewatering
of the quarry beyond the limit imposed by the current planning permission will commence in Stage 2 of the
proposed development and hence, this would require monitoring to be implemented at least 1 year prior to
completion of Stage 1. The Regulation 22 Request also suggests the mapping of provisional pipeline routes to
convey flow to the mitigation features. A map showing the route of proposed pipelines is shown in Section 7.2.2
of this report.

7.2.2.

Summary of planned mitigation measures

Figure 7-1 shows 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 (Environment Agency, 2007). 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 7-1 are
classified as follows:


Current mitigation measures. As shown in Sections 4.3.5.5, 4.5.6 and 4.5.7, 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 (see
Figure 4-53 to Figure 4-56), indicates that the majority of the groundwater catchment shown in Figure 4-90
lies within the groundwater catchment of the Balland Stream and hence, it is important that these mitigation
measures are maintained.



Proposed mitigation measures. As indicated in Sections 5 and 6, the most potential for impacts
associated with the proposed deepening and extension of the quarry lies to the northeast of the proposed
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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 the diverted Alston stream to the east
would maintain the current groundwater divide in this area. It is proposed that these mitigation measures,
which are described further in Sections 7.2.3 and 7.2.4 respectively, 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 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 (Figure 4-37) will convey water
under the A38 via its normal route during periods of heavy rainfall.
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 at the location shown in Figure 7-1. This
contingency measure is described further in Section 7.2.5. Contingency measures for enhancing infiltration
from the balancing pond and the unlined section of the diverted Alston stream are described in Sections
7.2.3 and 7.2.4. Additional contingency measures for potential impacts to private water supplies are
discussed in Section 7.2.6.
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 the Environment Agency (Sections 7.3, 7.4 and 7.5).
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Figure 7-1 - Existing, proposed and contingency mitigation measures
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7.2.3.

Balancing pond

As shown in Figure 7-1, the balancing pond is located immediately to the east of the proposed extension area.
It aims to maintain groundwater at close to its natural elevation in the underlying CBLF and in doing so:


maintain the current groundwater divide that exists in the vicinity of the Alston stream;



mitigate drawdown in the northeast of the extension area and the potential for formation of sinkholes in
response to drawdown, as detailed in the Land Stability Risk Assessment 2020; and

prevent the quarry’s groundwater catchment from encroaching on the groundwater catchment of the Kester
Brook and Goodstone springs.
Recorded groundwater levels in borehole NE9, which lies within the proposed footprint of the balancing pond,
vary between 109 and 131 mAOD, with a long-term average of approximately 121 mAOD. A consistent water
level of close to 128 mAOD is proposed in the balancing pond; the maintenance of water levels close to their
annual maximum in this area enhances the feature’s ability to mitigate potential drawdown from the quarry
during summer, whilst keeping these levels 3 m below the highest recorded groundwater levels prevents
oversaturation of the shallow subsurface, thus minimising associated risks to land stability. Maintaining water
levels close to 128 mAOD leaves additional storage capacity to accommodate heavy rainfall and runoff without
overtopping the feature.
The design of the feature is shown more clearly in Appendix O. The angles of the edges of the excavation
ensure slope stability and facilitate the removal of material during construction. The maximum depth of
125 mAOD, which is constrained by these slope angles, is approximately 5 m above rockhead in this area,
following the removal of 6-7 m of clayey superficial deposits. At its design water level of 128 mAOD, the
proposed feature covers an approximate area of 1,900 m2.
Construction and filling of the balancing pond is proposed 30 months prior to the commencement of Stage 2.
This allows for an initial 12 month period to monitor its effectiveness in moderating seasonal fluctuations in the
surrounding water table and hence, provide an indication of its ability to mitigate drawdown. This monitoring will
be undertaken in proposed deep and shallow boreholes at location EB8 (shown in Figure 6-2), which lies to the
east of the balancing pond. Should minimum water levels in summer show no discernible increase following
this initial 12 month period, the balancing pond would be temporarily emptied, and a series of gravel-filled
trenches dug to rockhead in its base, to improve the degree of hydraulic connection to the underlying CBLF.
Following the installation of these trenches, a further 12 months of monitoring would be conducted prior to the
commencement of Stage 2 excavations.
Depending on the vertical hydraulic conductivity of the CBLF in this area, there is a risk that excavating gravelfilled trenches at the outset could lead to excessive infiltration through discrete pathways and rapid recirculation
of water back to the quarry. By implementing the design in stages, there is a greater likelihood of achieving
steady infiltration over a wide area, supporting nearby groundwater levels without requiring unfeasibly high
rates of pumping. The gravel-filled trenches are therefore included as a contingency measure, which would be
implemented if required prior to Stage 2 excavations. If the gravel-filled trenches are not considered necessary
at that stage of the proposed development, they would remain as a contingency measure to address excess
drawdown during subsequent phases of quarry expansion.
As a further contingency, should additional mitigation be required, the area of infiltration would be increased,
following an appraisal to identify the most suitable means to achieve this. The appraisal would be based on the
location of impacts at that time. In each case, the maintenance of groundwater levels near the Caton stream
within their normal seasonal range (as dictated by baseline monitoring) would determine the requirement for
additional mitigation and this rationale has been used in the setting of proposed trigger levels in Section 7.3.
As shown in Figure 7-1, water to the balancing pond will be supplied by means of a pipeline from a holding tank
or pond within one of the shallower benches of the quarry. The precise location of the holding tank / pond will
move as the excavation proceeds eastwards, although it is likely that the feature would be fed by seepages
within the northeast face of the quarry, the existence of which are indicated by the hydraulic connection
between the Alston stream swallow hole and the current northeast face of the quarry (see Section 4.2.7).


7.2.4.

Alston stream diversion

Evidence from tracer testing and groundwater level monitoring indicates that the Alston stream contributes to a
natural groundwater divide, with infiltration to ground along much of its route (Section 4.3.4). This infiltration
occurs partially through swallow holes, which appear within the drainage channel in response to oversaturation
of the shallow subsurface, although a broader pattern of infiltration is apparent throughout its current course.
Diversion of the Alston stream will occur at the start of Stage 2, prior to emplacement of overburden material
along its current course. The diverted channel, which will run to the west of the bunds, will be lined with low5151424 HIA 2020 | 2.0 | July 2020
Atkins

Page 167

permeability material for most of its course, although an unlined section although an unlined section of channel
will also be constructed along part of the eastern edge of the stage 1b bund, as shown in Figure 7-1. Control
will be implemented such that a proportion of the flow from the Alston stream will be conveyed by pipe to that
unlined section of channel to allow infiltration to occur between the proposed extension and the groundwater
catchment of the Goodstone springs and Kester Brook to the east, and thereby help to maintain the current
groundwater divide in this area. The effects of that infiltration will be monitored and should infiltration be
insufficient to maintain a groundwater divide, the flow to that section of channel could be increased or that
section of channel would be excavated to a depth of 2 m and backfilled with inert, granular material as a
contingency measure to increase the permeability of the channel bed.
During periods of high flow, the diverted stream will still convey water to the existing pipeline under the A38,
mimicking the current seasonal drainage pattern, as shown in Figure 4-26.

7.2.5.

Flow compensation to the Kester Brook

The above mitigation measures are designed to limit impacts to the catchment of the Kester Brook and
specifically, the Goodstone springs (see Section 7.2.7). However, should ongoing monitoring show derogation
of flow within the Kester Brook from quarry dewatering, compensation flows would be implemented by means
of discharge to the Caton stream at the location shown in Figure 7-1; the land at this location is currently owned
by E & JW Glendinning. As discussed in Section 6.3, baseline monitoring will be undertaken to assess the
capacity of the Caton stream swallow hole prior to compensation flows being implemented. This information
would be used as part of an overall strategy to ensure that compensation flows do not contribute to flooding.
Tracer testing shows a strong hydraulic connection between the Caton stream swallow hole behind Caton
Farmhouse and the Kester Brook and this connection would be used to convey compensation flows. As noted
in Section 4.4.6.2, recent partial diversion of the Caton stream by neighbouring landowners is likely to have
reduced flow to the Kester Brook via this route. As a result, both the requirement for compensation flows and
their effectiveness will be influenced by the future status of this diversion and consultation with relevant
landowners will be required prior to implementation of this measure.

7.2.6.

Mitigation for private water supplies

The assessment in Section 6.2.2 suggests that BH15 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.
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.
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.

7.2.7.

Post-development mitigation

Following restoration, it is envisaged that the lake in the quarry will have the outflow level and rate controlled to
provide flood attenuation to Ashburton, whilst maintaining groundwater levels at close to their natural range. As
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indicated in Section 4.4.3, natural groundwater levels within the quarry excavation are expected to lie close to
105 mAOD, with water levels in the quarry sump more than 60 m below this, at an elevation of 42 mAOD.
As described in Section 5.4, water levels in the post-restoration void will lie between 96 and 102 mAOD, which
is close to, or slightly exceeds, late summer groundwater levels at the southern end of the proposed extension
area. As such, residual impacts on the groundwater resource will be negligible. To provide flood risk attenuation
to Ashburton, the outflow rate from the lake to the Balland Stream will be controlled, leading to varying water
levels in the quarry within the above range (96 to 102 mAOD).

7.2.8.

Residual impacts following mitigation

Controlled flow of the Alston stream for continued infiltration through an unlined section of channel east of the
bunds is 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 (Figure 485), due to increased surface water flows at this time. As described in Sections 7.2.3 and 7.3, 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 these sections for how this 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 7-2. 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 (see
Section 7.2.3). 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 7-3
(although water levels beneath the balancing pond would still be within their natural range).
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 (Section 6.2.2). To address the possibility of residual impacts to these receptors,
augmentation of flow to the Caton stream would be carried out, as described in Section 7.2.5.
As shown in Figure 7-4, BH15 will remain within the projected maximum extent of drawdown and may require
the additional mitigation measures described in Section 7.2.6.
Conceptual cross-sections are shown in Figure 7-5 and Figure 7-6, representing the following key elements of
the projected groundwater flow system, based on the observed phenomena summarised in the current
conceptual model (Section 4.7), proposed changes to the quarry (Section 2.3) and mitigation measures
(Section 7.2):


Deep conduit networks of limited extent and connectivity near the base of the quarry. These conduits flow
intermittently during winter in response to local recharge and are largely dry during summer (Sections 4.5.6
and 4.7).



Discrete, flowing fractures and conduits within the shallowest levels of the quarry, which intercept the water
table and govern drawdown beyond the quarry boundary (Section 5.2).



Interception of the current northeast face fracture within the northwest face and floor of the extended
quarry. Due to the removal of its current connection to the Alston stream swallow hole (Section 4.2.7) and
much of the intervening catchment which provides additional recharge, flow rates in the fracture are
substantially reduced.



Interception of a conduit or conduits in the extended northeast face of the quarry, conveying flow from the
Alston stream. This represents the north-eastern extent of an existing shallow connection between the
current Alston stream swallow hole and the northeast face fracture (Section 4.2.7).



Transfer of water to the balancing pond from a holding pond in the northeast face of the quarry and, if
necessary, to the Caton stream (Section 7.2).



Mounding of groundwater beneath the balancing pond and the unlined portion of the diverted Alston stream
to the east of the bunds, leading to a groundwater divide, which marks the edge of the quarry’s
groundwater catchment (Section 7.2).



Continued infiltration from the Balland Pit to the CBLF during summer and groundwater inflows from the
CBLF to the Balland Pit during winter (Sections 4.5.6 and 4.5.7), maintaining the current extent of
drawdown to the southwest of the quarry.



Continued augmentation of flow in the Balland Stream (Sections 2.1, 4.3.4 and 4.5).
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Figure 7-2 - Projected mitigated groundwater catchment for the current quarry and its proposed extension
5151424 HIA 2020 | 2.0 | July 2020
Atkins

Page 170

Figure 7-3 - Approximate maximum extent of drawdown for the current quarry and its proposed extension in the presence of mitigation measures
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Figure 7-4 - Potential receptors with respect to inferred maximum extent of drawdown in the presence of mitigation measures (Stage 5)
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⑧
③

⑤
②
④

③

①

⑥
②

⑦
①

1) Seasonal recharge within excavated area, feeding localised networks of flowing conduits.
2) Seepages within shallow levels of the quarry, generating drawdown beyond the quarry boundary
3) Interception of the current northeast face fracture in the northwest face and floor of the quarry, with reduced flows due to
removal of parts of former catchment
4) Infiltration through unlined portion of diverted Alston stream, leading to localised mounding
5) Transfer of water to balancing pond and (if required) Caton stream
6) Mounding beneath balancing pond, leading to groundwater divide
7) Seasonally varying flow between the Balland Pit and the CBLF
8) Continued augmentation of flow in the Balland Stream

Figure 7-5 - SW-NE projected conceptual cross-section through quarry and surrounding area at Stage 5 (with mitigation)
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⑥
④

⑤

②

⑦

③

②

③
①

①

1) Seasonal recharge within excavated area, feeding localised networks of flowing conduits.
2) Seepages within shallow levels of the quarry, generating drawdown beyond the quarry boundary
3) Interception of the current northeast face fracture in the northwest face and floor of the quarry, with reduced flows due to
disconnect from Alston stream swallow hole
4) Infiltration through unlined portion of diverted Alston stream, leading to localised mounding and groundwater divide
5) Transfer of intercepted water to balancing pond and (if required) Caton stream
6) Groundwater divide beneath balancing pond
7) Separate channels at base of overburden, conveying runoff from bunds and flow from diverted Alston stream

Figure 7-6 - NW-SE projected conceptual cross-section through quarry and surrounding area at Stage 5 (with mitigation)
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7.3.

Trigger levels

The latest Regulation 22 Request states that the development of appropriate trigger levels is “a matter for
Glendinning and the Environment Agency to address in due course, once adequate extended baseline
monitoring has been undertaken” (Wood, 2020). However, a generalised approach to trigger levels is presented
in Table 7-1 as a basis for future discussions with the Environment Agency, following completion of the
extended period of baseline monitoring.
Table 7-1 - Proposed approach to trigger levels and mitigation responses
Potential Impact

Approach to setting
trigger levels

Proposed response

Reference/precedent

Drawdown near
Caton stream and
swallow hole
(flow derogation to
Kester Brook/
Goodstone springs
and land stability
risks)

Lowering of summer
minimum water levels in EB9
(Figure 6-2) by > 1 m relative
to baseline would trigger
response, unless area is
subject to an abnormally dry
year, as defined below.

Increase flow from Alston
Stream or enhance
infiltration unlined
channel east of the
bunds through backfill
with granular material,
enhance infiltration in
proposed balancing pond
through excavation of
gravel-filled trenches
and/or extend area of
infiltration (Section 7.2.3).

Science Report SC040020/SR1
(Environment Agency, 2007)

Derogation of flow
in Goodstone
springs/Kester
Brook

Calculate annual base flow
index at EB1 (Figure 6-2). A
reduction in annual BFI
> 50% would trigger
response.

Augment flow via the
Caton stream swallow
hole behind Caton
Farmhouse, based on
observed flows in a water
course outside the
quarry’s maximum extent
of drawdown.

Hydrological & Hydrogeological
Impact Assessment for deepening
and extension of Halecombe Quarry,
Somerset (Consultant
Hydrogeologists Limited , 2016)

Excess flow in
Balland stream

Benchmark hydrograph at
EB4 against a control stream
unaffected by quarry
discharges or drawdown.
Relationship, based on
baseline conditions, would
be used to set thresholds for
augmentation under different
flow conditions.

Utilise storage capacity
within Balland Pit, future
settlement pond and
balancing pond to modify
timing of augmentation
flow to Balland Stream.
Reapportion flow
between the Balland
Stream and the Caton
stream.

Environmental Statement for
deepening of Torr Quarry, Somerset
(Aggregate Industries Ltd, 2010)

Drawdown exceeds
projected
extent/magnitude

Lowering of summer
minimum water levels in
EB6-9,12,14 (Figure 6-2) by
> 1 m relative to baseline
would trigger response,
unless area is subject to an
abnormally dry year, as
defined below.

Submit revised appraisal
of potential impacts and
proposed mitigation
measures to the DNPA
within 12 months.
Implement agreed
mitigation measures
within a further 12
months.

Hydrological & Hydrogeological
Impact Assessment for deepening
and extension of Halecombe Quarry,
Somerset (Consultant
Hydrogeologists Limited , 2016)

Deterioration of
water quality in
Kester Brook,
Balland Stream or
Caton stream

Breach of freshwater
environmental quality
standards.

Identify source of
contamination and, if
related to the quarry,
develop proposed
mitigation measures
within 12 months to the
DNPA. Implementation of
agreed mitigation
measures within a further
12 months.

Hydrological & Hydrogeological
Impact Assessment for deepening
and extension of Halecombe Quarry,
Somerset (Consultant
Hydrogeologists Limited , 2016)
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To distinguish quarry impacts from those arising from climatic variations, current Environment Agency guidance
(Environment Agency, 2007) suggests the exclusion of abnormally dry years when assessing the requirements
for mitigation. In line with this guidance, years in which total rainfall is less than 50% of the monthly average in
at least three months, two of which are consecutive, would be excluded from consideration when assessing
water resource impacts.
In addition, the use of control sites is proposed for assessing augmentation of surface watercourses, as
indicated in Table 7-1 and in line with current Environment Agency guidance (Environment Agency, 2007). It is
proposed that a control site:


lies beyond the area influenced by the quarry;



has a continuous period of data covering the baseline monitoring period; and

exhibits comparable behaviour to monitoring locations near the quarry prior to its proposed deepening and
extension.
Surface water monitoring locations managed by the Environment Agency typically fulfil the first two criteria,
although consideration of data from individual sites is required to determine whether their behaviour is
comparable to monitoring locations near the quarry.


The Environment Agency gauging station at Bickington lies on the River Lemon at the upstream end of the
CBLF, and upstream of the River Lemon’s confluence with the Lemonford stream. As such, its catchment lies
beyond the area with the potential to be impacted by quarry dewatering. The topography and underlying
geology of the River Lemon catchment at this location are comparable to those of the Balland Stream at EB2
where it first crosses the CBLF, and the Bickington gauging station is likely to be a suitable control location,
although velocity measurements would be needed to develop an appropriate stage-discharge relationship.
There are also some similarities with the catchment of EB1 in the Kester Brook, although the influence of karst
features in this area means that flow at EB1 and the potential control location in Bickington may not be well
correlated. As indicated by the latest Regulation 22 Request, the approach to setting trigger levels and the
suitability of control locations should be assessed further once baseline monitoring has been completed.

7.4.

Ongoing monitoring

Following commencement of the proposed development, the monitoring programme described in Section 6.3
will continue at the same locations to identify a notable change to the water environment that may be
attributable to the quarry, based on the trigger levels described in Section 7.3.
This includes ongoing monitoring of water quality at EB2 and EB4, where flow augmentation to the Balland
Stream and the Caton stream respectively is proposed, through the use of dataloggers to record changes in EC
at 15 minute intervals. This high frequency of data collection will allow short term fluctuations in water quality to
be identified and linked to seasonal variations in rainfall. If EC values deviate from the range of values identified
during baseline monitoring, this would prompt investigation to identify the likely cause, which may entail
groundwater sampling during similar flow conditions to identify the likely cause.
The same high frequency of data collection is proposed for monitoring groundwater levels and stage in
streams, to facilitate prompt identification of a breach of agreed trigger levels, including unexpected drawdown
beyond the projected extent shown in Section 7.2.8. Due to uncertainties associated with predictions of
drawdown in karst systems, periodic review of the monitoring programme is proposed, following
commencement of quarry deepening and excavations below the water table within the proposed extension
area.

7.5.

Periodic review

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 impacts beyond the projected maximum extent of
drawdown; and

 prior to each stage of the proposed development, as described in Table 2-1.
If the revised hydrogeological impact assessment identifies the requirement for additional mitigation measures,
these will be developed in consultation with the Environment Agency, or its equivalent if that Agency no longer
exists. Further deepening of the quarry will not proceed until agreement has been reached with the Mineral
Planning Authority on the adequacy of mitigation measures.
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8.

Conclusions and recommendations

8.1.

Current conditions

E and JW Glendinning has extracted limestone from the Chercombe Bridge Limestone Formation (CBLF) for
over 60 years. The quarry now comprises a large void, extending to a maximum depth of around 40 mAOD,
close to the 28 mAOD limit imposed by its current planning permission. Based on the data presented in this
document, the following conclusions can be drawn regarding the current hydrology and hydrogeology of the
Study Area and in particular, on the influence of the quarry:


The outcrop of the CBLF extends in a southwest-northeast orientation from Buckfastleigh to just beyond
Bickington. Although the mapped extent of the CBLF is discontinuous, the available borehole data suggest
that the apparently separate outcrops may be joined at depth by thin sub-crops of limestone, which are only
a few metres thick in places. These thin sub-crops are likely to have a relatively low transmissivity relative
to the rest of the formation, leading to limited hydraulic connectivity between the mapped outcrops.



In the vicinity of the quarry, the CBLF lies 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. Numerous springs emerge from these low
permeability formations and flow onto the CBLF, where groundwater levels 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, characterised by the infill of pre-existing discontinuities, such as fractures,
conduits and sinkholes, with clayey material. The relatively low hydraulic conductivity of the CBLF relative
to other carbonate aquifers reflects the influence of this clayey infill, although several active karst features
are evident in the Study Area. The majority of hydraulically significant karst features, including numerous
springs and caves, 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 along discrete inception
horizons. 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 allogenic recharge through losing streams and swallow
holes, and via diffuse, autogenic recharge through the overlying clayey superficial deposits and 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, due to the absence of
low permeability clay cover, which inhibits infiltration.
- 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.



A natural 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, groundwater flows towards the Balland
Stream under natural conditions 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, groundwater flows southwards, towards the Kester Brook.
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The Balland Stream and River Ashburn to the southwest, the Goodstone springs to the southeast, and the
Lemonford spring and River Lemon to the east constitute the principal discharge locations from the main
outcrop of the CBLF.



The quarry intercepts groundwater 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
Levels 2-4 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.



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, along much of the southeast face 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, lie close to the surface and are
controlled by the local topography. 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.



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 autogenic recharge via the Alston stream, where there is a natural groundwater divide. The
distance from the quarry to this natural groundwater divide contributes to a larger groundwater catchment in
this direction.



Groundwater 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.



Net groundwater inflows, excluding water recirculated through the base of the Balland Pit, total 823 ML/yr,
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 (Ford & Williams (2007), Williams (2008)).



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 well-connected 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.
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8.2.

Projected impacts

The proposal is to extend Linhay Hill Quarry in a north-easterly direction across Alston Lane and into
agricultural land south of Alston Farmhouse. The extension is required because the remaining limestone
reserves in the existing quarry are only sufficient for a further five years or so at the current rate of extraction.
The proposal involves the extension of the quarry extraction area by around 21 ha, which would be carried out
in stages, over a period of more than 60 years following planning permission. In parallel, the application seeks
to allow the existing quarry to be deepened to extract limestone below the current depth limit of 28 mAOD, to a
maximum depth of 0 mAOD.
The primary impacts of proposed deepening and extension of the quarry relate to lowering of nearby
groundwater levels and impacts on flow and water levels in associated receptors. As such, the main focus of
this section is on water resources impacts. 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.
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. In the absence of proposed mitigation measures, the impacts
associated with extension of the quarry can be summarised as follows:




To the northwest of the quarry, the low permeability of the Tavy Formation will continue to limit drawdown,
whilst the maintenance of water levels in the Balland Pit prevents the removal of an inferred groundwater
divide beneath the quarry and the Balland Stream as the quarry extends to the northeast.



As the quarry extends to the northeast, the combined influence of water levels in the Balland Pit,
discharges to the Balland Stream and the reduction in ground elevation towards Ashburton will continue to
limit drawdown to the southwest.



Following removal of the inferred groundwater divide to the southeast in response to deepening of the
quarry, groundwater downstream of the spring catchment at Higher Mead is expected to flow towards the
extended 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 affect flow in the
spring at Higher Mead.



Burial of the Alston stream swallow hole, along with diversion and lining of the Alston stream would limit
infiltration in this area and may alter the natural groundwater divide. This would allow the quarry’s
groundwater catchment to extend further to the east, potentially as far as a NNW-SSE trending strike-slip
fault near the alignment of the Caton stream. Whilst groundwater to the east of the fault would continue to
flow south to the Goodstone springs in this scenario, there is the potential for limited drawdown in this area
in response to dewatering of the fault.

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.
An assessment of potential receptors 5 of the HIA projected maximum extent of drawdown suggests that in the
absence of further mitigation measures some sites may experience minor impacts from the proposed
deepening and extension of the quarry. These receptors have been defined as sensitive sites and are as
follows:
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the Goodstone springs;



the Balland Stream;



the Kester Brook; and



a private supply borehole near Caton Cross (referred to in this document as BH15).

8.3.

Recommendations for further monitoring and mitigation

To supplement existing data collected from the Study Area, an extended period of baseline monitoring is
proposed following determination of the planning application, in line with recent guidance provided by the
Environment Agency (2016). The establishment of this baseline is intended to support early identification of the
following:


potential future impacts to the identified sensitive sites;



patterns of drawdown that differ from their projected extents, leading to a revised assessment of receptors
in the water environment that may be impacted in future; and

changes in groundwater level that may affect subsidence risk drawdown (see Land Stability Risk
Assessment 2020 in Appendix 17.2 of the Environmental Statement).
Atkins proposes that additional baseline monitoring of 13 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. This will require: data collection from several existing
monitoring locations; upgrades to two existing surface water monitoring locations; establishment of one
additional surface water monitoring location; and the installation of three additional groundwater monitoring
boreholes. The results of the completed baseline monitoring programme will be used to finalise trigger levels for
the identification of future impacts, in consultation with the Environment Agency and the DNPA. These trigger
levels will be incorporated into the quarry’s monitoring and mitigation plan.


This will build on the proposed monitoring and mitigation plan presented in this document, which has been
developed in consultation with the Environment Agency, to ensure that potential impacts are identified and
appropriate mitigation implemented promptly. The main elements of this plan are presented below.
Following commencement of the proposed development, the locations used for the baseline monitoring
programme will be maintained, to identify a notable change to the water environment that may be attributable to
the quarry, based on a series of agreed trigger levels. Due to uncertainties associated with predictions of
drawdown in karst systems, periodic review of the monitoring programme is proposed, following
commencement of quarry deepening and excavations below the water table within the proposed extension
area.
A key element of ongoing monitoring will be to assess the effectiveness of mitigation measures, which can be
summarised as follows:


Current mitigation measures. Maintenance of water levels in the Balland Pit will continue, with a slight
rise in Pit water levels at the start of Stage 2 providing additional mitigation of drawdown to the CBLF
during summer. Flow augmentation to the Balland Stream will also continue, given that the quarry will
predominantly intercept groundwater within the catchment of the Balland Stream.



Proposed mitigation measures. A balancing pond is proposed to the northeast of the extension area, to
minimise drawdown in the northeast of the extension area and the groundwater catchment of the Kester
Brook. This feature, in conjunction with infiltration along an unlined section channel east of the bunds to
infiltrate controlled flow from the diverted Alston stream to the east 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 prior to additional dewatering of the quarry
beyond the limit imposed by the current planning permission. Prior to this, a 30-month period of testing and
refinement is proposed to ensure the balancing pond is effective. A separate channel at the base of the
bunds will collect run-off and convey this water to a 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.



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, providing additional flow to the Caton stream

5151424 HIA 2020 | 2.0 | July 2020
Atkins

Page 180

swallow hole and utilising the existing connection to the Goodstone springs In addition, contingency
measures related to the balancing pond and infiltration of controlled flow from Alston stream along an
unlined section of channel east of the bunds are proposed, including the excavation of sand or gravel-filled
trenches in their base and expansion of the balancing pond, to maximise infiltration to the underlying CBLF
and minimise drawdown. The requirement for these contingency measures will be considered in the
periodic reviews including the annual summary review in consultation with the DNPA and the Environment
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 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 departures from the projected extent and magnitude of
drawdown, with agreed trigger levels driving appropriate investigations and prompt mitigation responses.
The latest Regulation 22 Request for the quarry states that the development of appropriate trigger levels is “a
matter for Glendinning and the Environment Agency to address in due course, once adequate extended
baseline monitoring has been undertaken” (Wood, 2020). However, Atkins has begun the process of setting
trigger levels, by proposing a series of measures that are consistent with current Environment Agency guidance
and methods agreed for comparable sites in the southwest of England. This approach, which provides a basis
for formalised trigger levels on completion of baseline monitoring, sets criteria for the implementation or
refinement of mitigation measures and provides a framework for further assessment to address unexpected
impacts.
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 impacts beyond the projected maximum extent of
drawdown; and



prior to each occasion when the working depth of the site is lowered by a further 15 metres.
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