Figure 4-39 - Swallow hole in the Mead Farm stream a) on 5/12/19 and b) after infilling with concrete
(photograph taken on 7/1/20)

Figure 4-40 - Dry channel within the Mead Farm stream when swallow hole is unblocked (28/03/17)
Springs to the north of the Caton stream and an overtopping well at Little Barton, near the mapped boundary of
the CBLF, discharge to the Caton stream and the Samastar stream. The Caton stream flows southwards
across the CBLF towards the point marked with a ‘12’ on Figure 4-26. At ‘12’, the flow, which historically
followed Caton Lane to a swallow hole behind Caton Farmhouse, is now partially diverted into the field to the
northeast of Caton (Figure 4-41), with the majority of flow now going in this direction. The diverted Caton
stream either goes to ground south of Caton Farm before the A38 underbridge (marked as ‘13’ in Figure 4-26
and shown in Figure 4-42), or when flow is sufficient, flows through the underbridge.
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Figure 4-41 – Partial diversion of Caton stream

Figure 4-42 - Entrance to cattle creep underbridge under the A38 north of Caton Farm (14/4/15)
For most of the year, flow in the watercourse ceases approximately 100 m to the southeast of the underbridge,
where it percolates into the underlying CBLF at a suspected swallow hole. Following prolonged wet periods,
water can flow overland across a field to the southwest (marked as ‘14’ in Figure 4-26 and shown in Figure 443), before flowing south along the road.
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Figure 4-43 - Water flowing overland to north of Goodstone Quarry (1/2/16)
During these periods of high flow, this extension of the diverted Caton stream contributes to inundation in a field
to the west of Kester Brook (marked as ‘15’ in Figure 4-26 and shown in Figure 4-44).

Figure 4-44 - Surface water in field south of Goodstone (1/2/16)
The Goodstone springs (marked with ‘16’ on Figure 4-26 and shown in Figure 4-45 and Figure 4-46) represent
the main source of the Kester Brook, although these springs cease to flow during prolonged dry periods. They
comprise two distinct sources, the larger of which discharges over a relatively wide extent, with no clearly
defined channel and depends on seasonally-varying flow conditions. The Goodstone springs overlie Alluvium
and the Foxley Tuff Formation, close to the boundary of the Foxley Tuff Formation with the CBLF. The
intersection of the CBLF and the lower-permeability Foxley Tuff Formation drives groundwater to the surface at
this point and constitutes the most notable discharge from the south-eastern part of the main CBLF outcrop.
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Figure 4-45 - Spring flow at east end of field at Four Acres, south of Goodstone (22/1/16)

Figure 4-46 - Minor spring flow at Glendale east of Four Acres, south of Goodstone (26/2/16)
The Samastar stream flows in a south-easterly direction from a spring close to the mapped boundary between
the Foxley Tuff Formation and the CBLF. It follows field boundaries, flowing towards the A38 off-slip. Following
heavy rainfall and blockage at the entrance to a pipe under the A38 off-slip, water overspills the normal channel
of the stream and flows overland through a field (marked as ‘17’ in Figure 4-26 and shown in Figure 4-47), both
westwards across the field and south-westwards along the margins of the A38 off-slip.
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Figure 4-47 - Surface runoff towards A38 off-slip (1/11/19)
The main channel of the Samastar stream turns south-southeast towards the A38 and crosses beneath the
slip-road via the pipe shown in Figure 4-48. It then crosses the A38 and for most of the year, the Samastar
stream is able to flow into the Kester Brook, along a series of field boundaries. During drier conditions, the
Samastar stream typically goes to ground along this route, although there is no clearly identifiable swallow hole
in this area.

Figure 4-48 - Crossing of the Samastar stream beneath the A38 off-slip
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A separate, intermittent drainage channel lies to the east of the Samastar stream, conveying flow to the
southeast, towards the minor road near Stoneford Farm (approximately 150 m northwest of the intersection of
the A38 and A383). Flow is then transmitted by a drainage pipe under the road, as shown by Figure 4-49;
ponding of water occurs in this area during wet weather and, whilst some infiltration to ground may occur within
a localised depression where the channel crosses the minor road, water at this location is mainly conveyed
towards a further drainage pipe near the northern edge of the A38. Water from the intermittent channel then
flows northeast along the A38 and then east towards Bickington. Water in this part of the channel mainly
infiltrates to ground except after prolonged or heavy rainfall, when it may reach the Lemonford stream east of
the Higher Lemonford property.

Figure 4-49 - Crossing of intermittent drainage channel under minor road near Stoneford Farm
The Lemonford stream arises from a spring from the CBLF to the east of an old quarry at Higher Lemonford,
from where it flows east to join the River Lemon.

4.3.5.

Monitoring of flow and water levels

4.3.5.1.
Introduction
Monitoring of flow and water levels in surface water features has been conducted since late 2016/early 2017 at
the locations listed in Table 4-9. The approach to monitoring has been dictated by the following considerations:


Configuration and stability of stream channels. Wherever possible, monitoring has been conducted in
sections of each watercourse where the channels are stable and well-defined, with regular, rectangular or
trapezoid cross-sections to facilitate the derivation of stage-flow relationships with a high degree of
accuracy. However, for some of the smaller, intermittent watercourses, such as the Alston stream, such
conditions do not exist (see Figure 4-35) and enhanced monitoring would require substantial modifications
to the stream channels. These modifications in turn would require regulatory consent and potentially also
planning permission. The installation of weir plates, for example, in such channels would risk altering the
seasonal flow regime, whilst the associated ponding of water behind such installations could drive localised
infiltration and the development of new swallow holes. In the Kester Brook, partial collapse of the stream
bank during wet conditions has led to substantial changes in the stage-discharge relationship over time.



Prevalence of seasonal vegetation growth and debris. The Kester Brook in particular carries large
volumes of debris during wet conditions and is also affected by seasonal vegetation growth, leading to a
dynamic stage-discharge relationship.



Land access constraints. Atkins has obtained landowner consent for each of the monitoring locations in
Table 4-9. However, larger, more engineered structures could require further wayleave agreement. In the
vicinity of the Goodstone springs, the Kester Brook gains flow from three separate sources, hence the most
suitable monitoring point is slightly further downstream, at MP18 in Figure 4-17.
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As a result of these factors, the approach to estimating flow differs in each watercourse, as does the confidence
level of the results obtained. For watercourses that require extended baseline monitoring to support the
monitoring and mitigation plan (see Section 7), proposed monitoring arrangements to improve reliability and
reduce the level of uncertainty in flow estimates are presented in Section 6.3.2. A summary of the current
monitoring regime is presented below, with photographs of monitoring locations in Appendix F, stream stage
hydrographs in Appendix G and estimated stream flow hydrographs in Appendix H.
4.3.5.2.
Stream stage measurements
On the Balland Stream at Linhay Hill Quarry (MP1 on Figure 4-17), and at Glentor, Ashburton (MP4 on Figure
4-17), Flood Risk Activity permits were obtained from the Environment Agency to install a radar sensor
(Vegapuls WL61 ) at each location over the watercourse for continuous measurement of the water level within
the well-defined, concrete-lined sections of the channel. Photographs of these installations are shown in
Appendix F. Extremely short microwave impulses, emitted by the Vegapuls WL61 antenna system, are
reﬂected by the water surface and detected by the radar sensor. The time from emission to reception of the
signals is proportional to the distance between the sensor and the water level in the channel, hence the
channel water depth is derived from the datum measurements made on system set up.
For the other surface water monitoring points on natural channels shown in Figure 4-17, small absolute
pressure and temperature dataloggers were installed in: the Alston stream near Alston Farmhouse (MP13); the
Alston stream adjacent to the inlet of a 300 mm diameter pipe under the A38 (MP14); the Caton stream near
the hamlet of Caton (MP15); the Lemonford stream in Higher Lemonford, Bickington (MP17); the Kester Brook
southeast of Goodstone (MP18); and the Mead Farm stream (MP19).
At Alston Farm (MP13), and on the Kester Brook (MP18 and MP19), the devices were installed within the base
of a perforated plastic pipe stilling well (approximately 40 mm diameter) located at the edge of each ordinary
watercourse channel outside of the channel main flow and secured to the bank. At Caton (MP15) and
Lemonford (MP17) the devices are fixed to permanent features within the channel without a stilling well.
A device measuring atmospheric pressure was installed at Alston Farm for use in converting the measured
absolute pressure to a water level. Prior to its implementation, a method statement for this approach was sent
to the Devon County Council Flood Risk Management Team, who agreed that the small monitoring installations
were acceptable, though more permanent installation could require Flood Defence Consents. Highways
England also agreed to monitoring adjacent to the inlet of the pipe under the A38.
Stream water levels are shown in Appendix G. These are plotted alongside rainfall data from the Environment
Agency gauge at Bickington, which covers the full period of stream level monitoring.
4.3.5.3.
Stream flow estimation methods
Several methods were used to provide flow estimates at each of the monitoring points. Along the Balland
Stream at MP1 and MP4, discrete velocity measurements were taken using a Flo-Dar radar velocity sensor at a
range of stages to develop a stage-discharge relationship. Flow will be monitored at the control structures
described in Section 6.3.2 throughout the extended baseline monitoring period and the period of the
development, providing continuous flow estimates.
At the Kester Brook (MP18) culvert, an area-velocity flow meter was installed between December 2019 and
April 2020 to develop a stage-discharge relationship. The relationship was subsequently extrapolated to stage
data collected between October 2018 and December 2019 to generate a long-term flow record, and so there is
a higher degree of uncertainty in the flow derived for that period. The permanent control structure described in
Section 6.3.2 is proposed for the start of the extended baseline monitoring period to maintain consistent levels
of accuracy in obtained flow estimates.
At MP15, MP17 and MP19 the Environment Agency’s Conveyance Estimation System (CES) (Environment
Agency, 2004) was used to derive a stage-discharge rating for each watercourse, based on an assigned unit
roughness values for the stream bed and stream banks, which takes vegetation; the ground surface material;
and channel irregularity into account. The CES software assigns upper and lower bounds to the unit roughness
estimate, so that uncertainties in the rating curve are quantified.
Unit roughness values, plus the associated lower and upper roughness values, were assigned to each of the
stream bed and bank components via a set of databases, which contain roughness data from various sources
of literature, as specified in the CES Conveyance Manual (Environment Agency, 2004). The range of unit
roughness values covers those expected from natural systems. The databases also contain numerous
photographs to assist in the selection of the roughness parameters. Spot surface velocity measurements (e.g.
using a Valeport Model 801 Electromagnetic Open Channel Flow Meter) were used to calibrate initial estimates
of roughness. Due to the water depth in the streams being typically only a few centimetres, the flat type sensor
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was utilised with velocity observations made as per the one-point or two-point method of BS ISO 748 2007
(IOS, 2007).
The watercourses monitored generally have a high degree of roughness, with beds of earth or coarse gravel
and cobbles with moss or algae growth. Irregularities and occasional obstructions were encountered at the
sites, along with stone or earth, with much seasonal vegetation and debris. It is recognised that at most natural
stream locations the true stage-discharge relationship is likely to vary, due to changes in vegetation and
sediment load, and rapid changes in flow. Additional calibration or hydraulic structures would be required to
reduce uncertainty in the estimation of flow in the watercourses. Future monitoring requirements, including the
implementation of control structures for the locations selected, are described in Section 6.3.2.
The cross section and channel gradient of each watercourse was measured at each monitoring location. Within
the CES software, the Conveyance Generator takes the assigned roughness values and uses them, in
conjunction with the cross-section geometry, channel gradient and sinuosity, to calculate a rating curve i.e.
depth versus flow. That relationship for the unit roughness values, and lower and upper roughness values, was
used to estimate the flow associated with each water depth measurement at each monitoring location.
Where short-term anomalies or gaps were present in the flow data (arising from factors such as temporary
blockage of the channel or power outages), linear interpolation was used to infer stream flows. However, the
water level data acquired from MP13 at Alston Farm was found to be so highly variable, with sudden changes
in levels not wholly consistent with rainfall events, that the data are considered unsuitable for flow estimation.
The factors that contribute to this uncertainty are listed in Section 4.3.5.1.
Water in the Alston stream commonly goes to ground before reaching the pipe under the A38 (MP14), as
shown in Figure 4-37. The inlet grill to the pipe regularly collects vegetation debris, inhibiting flow. As such,
recorded water levels within the measurement apparatus were found to exceed the soffit of the adjacent pipe at
times, although the pipe is likely to only be partially full downstream of this debris, due to uninhibited drainage
within the pipe and at its exit. It has not been possible to derive reliable flow estimates at MP14 as a result,
although the water level data, shown in Appendix G, indicate the frequency at which water reaches the inlet to
the pipe under the A38.
4.3.5.4.
Stream flow estimates
Estimates of average annual stream discharge from June 2017 to January 2020 are provided in Table 4-12,
while estimated stream flow hydrographs throughout the period of monitoring are presented in Appendix H.
For additional context, the stream flow estimates in Table 4-12 have been presented relative to the approximate
areas of their topographic catchments. The monitoring points on the Caton stream and Mead Farm stream
show notably higher flow per hectare than the other monitoring locations, a difference attributable to the
following factors:


the higher elevation of these stream catchments relative to those associated with other monitoring
locations, leading to higher average rainfall (see Section 4.3.2);



the relatively small extent of their topographic catchment and the contribution of springs, which are likely to
capture recharge from a substantially wider area;



the steep gradients and low permeability formations that exist throughout most of their catchments, leading
to increased surface runoff and reduced evaporation from the shallow subsurface; and



the influence of dewatering of from the quarry.

To account of the influence of quarry dewatering, a further estimate of stream flow per hectare has been
derived for the Balland Stream at Glentor, based on the area of the quarry’s topographic catchment and the
discharge conveyed from it to the Balland Stream upstream of MP4. The resulting value of 9.8 ML/yr/ha is
comparable to the values obtained for the Lemonford stream (10.3 ML/yr/ha) and Kester Brook (9.7 ML/yr/ha),
which lie at similar elevations near the downstream edge of the CBLF outcrop and have catchments that span
both the CBLF and the lower permeability formations beneath the valley sides. The results suggest that the
quarry’s current discharge regime replicates the natural apportionment of surface water flow in the Balland
Stream, Kester Brook and Lemonford stream and that derogation of flow in the latter two watercourses
associated with the quarry is likely to be negligible.
The Balland Stream upstream of the quarry discharge, the Caton stream and the Kester Brook are
characterised by relatively consistent, low flows in summer and autumn, with short-lived peaks in winter and
early spring in response to the combined effects of rainfall and saturated soils, leading to increased runoff. The
Alston stream showed levels that were too highly variable to reliably estimate flow. However, it responds to
rainfall and has low to no flow in summer. Estimated flows in the Lemonford stream are more consistent
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Table 4-12 - Estimated stream flow volumes in ML from 1st June 2017 to 31st January 2020
Location

Description

Elevation
(mAOD)

Best estimate of
flow (ML/year)

Approximate area of
topographic
catchment (ha)

Best estimate
of flow
(ML/y/ha)

Methodology

Comment

MP1

Balland
Stream
upstream of
quarry
discharge

102

801

133

6.0

Rating derived
from Flo-Dar data
collected during
various flow
conditions

Flow interpolated from
21/10/17 to 14/11/17 due to
power outage in monitoring
system.

MP4

Balland
Stream at
Glentor

85

2,4511

1972

12.43

Rating derived
from Flo-Dar data
collected during
various flow
conditions

Monitoring commenced on
08/11/2018. No data
available between
21/08/2019 and 31/01/2020
due to recording errors.

MP15

Caton stream
on north side
of Caton Lane

130

303

21

14.4

CES

MP17

Lemonford
stream

82

403

39

10.3

CES

MP18

Kester Brook
south of
Goodstone

96

2,729

280

9.7

Rating derived
from area velocity
meter

Area velocity meter
installed on 24/12/2019 to
derive rating. Rating
retrospectively applied to
stage data between
12/10/2018 and
24/12/2019.

MP19

Mead Farm
stream at
Lower Mead
Farm

112

198

13

15.2

CES

No data available between
18/12/17 and 24/01/18 due
to channel blockage.

1. 747 ML/yr discharged from quarry – see Table 4-14
2. Excludes current topographic catchment of quarry, covering 52 ha
3. 8.6 ML/y/ha excluding quarry discharge; 9.8 ML/y/ha including quarry topographic catchment and quarry discharge
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throughout the year, suggesting a greater contribution from groundwater, particularly during summer. The Mead
Farm stream shows both flashy responses to rain events and sustained flow during the summer, which may be
due to contributions from both surface runoff and groundwater, but is also likely to be due to discharge from a
water treatment plant, which is known to serve the Higher Mead and Lower Mead properties. The spring at
Higher Mead (shown in Figure 4-26) is likely to be the dominant source of groundwater to this watercourse,
because groundwater levels within the CBLF are substantially below the stream bed elevation (see Section
4.4.3.2).
4.3.5.5.
Flow and water level monitoring in the quarry
Groundwater entering the quarry near the sump in the quarry base or via the northeast face fracture is
transferred to holding tanks on Level 6, which discharges to the Balland Pit settling pond. Groundwater entering
the quarry via the southeast face conduit discharges directly to the Balland Pit, via a flow route across Level 4,
although some of this water infiltrates to the CBLF within the Pit’s topographic catchment. The Balland Pit
intermittently discharges by pumping to the neighbouring Balland Stream.
Flow monitoring has been undertaken since 10th February 2017 at the northeast face fracture (MP10 in Figure
4-17), and the southeast face conduit (MP11 in Figure 4-17). Inflows from each feature are captured and
directed to weir tanks, manufactured by Flowtech Plastics Ltd. Each tank is fitted with 250 mm deep 28.1 Vnotches and can have up to 50 mm overflow across the width of the tank above the V-notch. Water levels were
measured using absolute pressure and temperature dataloggers within the weir tanks. These devices were
installed within a stilling well located 2 to 4 times the maximum expected head upstream of the V-notch, as per
guidance in BS ISO 1438:2008 (BSI, 2008). An additional datalogger, installed at Alston Farm, recorded
atmospheric pressure throughout and these data were used to convert total pressure measurements in the weir
tanks to water pressure, before final conversion to water levels.
For the quarry sump, monitoring location MP9, the daily volume pumped to the Balland Pit has been metered
and recorded manually since 8th August 2016. The current monitoring system, which became operational on
11th April 2018, entails metering of the water pumped from the sump to the Level 6 holding tank. The final
component of metering records the water pumped from the Level 6 holding tanks to the Balland Pit.
Discharges from the quarry to the Balland Stream, at monitoring location MP2, have been metered and
recorded on a daily basis since 18th December 2015. To assess changes in storage within the Balland Pit,
monitoring location MP12, a Vegapuls WL61 radar sensor was mounted at an elevation of 82.88 mAOD,
approximately 4 m above the average pit water level.
A summary of the current arrangements for monitoring at each of these locations is presented in Table 4-13.
Table 4-13 - Flow and water level monitoring in Linhay Hill Quarry
Location ID

Feature

Monitoring description

MP2

Discharge from the
Balland Pit to the Balland
Stream

Metering of flow.

MP9

Quarry sump

Metering of water pumped from sump to Level 6 holding tank.
Metering of water pumped (two pumps) from Level 6 holding
pond to Level 6 holding tank. Metering of water pumped (two
pumps) from Level 6 holding tank to Balland Pit.

MP10

NE face fracture

Monitoring by 800 mm deep weir tank: 500 mm from base of
tank to the bottom of the V-notch; 28.1 V- notch with a depth
of 250 mm; and 50 mm clearance above the weir plate.

MP11

SE face conduit

Monitoring by 600 mm deep weir tank: 300 mm from base of
tank to the bottom of the V-notch; 28.1 V- notch with a depth
of 250 mm; and 50 mm clearance above the weir plate.

MP12

Balland Pit

Monitoring of water level by Vegapuls WL61 radar sensor.

Monthly flows within the quarry from February 2017 (when monitoring of the northeast face fracture and
southeast face conduit commenced) to January 2020 are summarised in Table 4-14 and utilised in the water
balance in Section 4.5.6.
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Table 4-14 - Monthly flows within the quarry in ML
Month

Discharge to Balland
Stream (MP2)

Sump discharge
(MP9)

NE face fracture
(MP10)

SE face conduit
(MP11)

Feb 2017

69

58

3

0

Mar 2017

64

50

10

0

Apr 2017

24

34

5

0

May 2017

24

26

2

0

Jun 2017

20

31

3

0

Jul 2017

14

26

2

0

Aug 2017

25

18

2

0

Sep 2017

14

29

2

0

Oct 2017

32

42

6

0

Nov 2017

25

88

5

0

Dec 2017

67

37

13

0

Jan 2018

169

47

23

7

Feb 2018

74

72

11

4

Mar 2018

159

45

21

6

Apr 2018

108

32

16

6

May 2018

36

28

6

0

Jun 2018

1

14

2

0

Jul 2018

7

13

2

0

Aug 2018

1

15

2

0

Sep 2018

0

14

1

0

Oct 2018

35

20

2

0

Nov 2018

101

82

16

0

Dec 2018

168

119

28

10

Jan 2019

57

39

7

3

Feb 2019

77

12

14

3

Mar 2019

87

125

16

5

Apr 2019

28

28

6

0

May 2019

6

17

3

0

Jun 2019

6

20

2

0

July 2019

0

12

1

0

Aug 2019

27

26

1

0

Sep 2019

21

24

1

0

Oct 2019

125

104

21

2

Nov 2019

146

134

25

11

Dec 2019

182

116

24

11

Jan 2020

176

110

17

10
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4.4.

Hydrogeology

4.4.1.

Aquifer designation and water resource status

The Chercombe Bridge Limestone Formation (CBLF) is designated as a principal aquifer (DEFRA, 2019) on
the basis of its fracture permeability. However, the CBLF has been defined as a karst aquifer (Waltham, et al.,
1997) and hence, a significant component of groundwater flow occurs in conduits (Ford & Williams, 2007).
Groundwater flow mechanisms within the CBLF are discussed further in Section 4.4.6.2.
The other bedrock units in the vicinity of the site are designated as secondary A aquifers (DEFRA, 2019). The
permeability of these secondary A aquifers is largely fracture dependent. Intergranular flow dominates in the
areas of alluvium associated with the River Ashburn, Kester Brook and River Lemon, which are designated as
secondary A aquifers (DEFRA, 2019).
The aquifer designations in the vicinity of the quarry are presented in Figure 4-50 (DEFRA, 2019).
The operational catchment relating to groundwater is the Teign, Avon, Dart and Erme groundwater body,
which covers a 1379 km2 area from north Dartmoor to the estuaries of the rivers Erme, Avon, Dart and Teign
in the south. The overall groundwater body classification is ‘Poor’, based on its chemical status, which is
influenced by ‘Agricultural and rural land management’ and ‘Pollution from abandoned mines’. The quantitative
status of the groundwater body is ‘Good’, and the quantitative status objective is ‘Good’ by 2015.
The South Devon Catchment Abstraction Management Strategy (CAMS) (Environment Agency, 2012) states
that there is ‘water available’ (surface water and groundwater) in the Ashburn catchment (within which the
site is located) and Dart catchment during spring, autumn and winter (Q30, Q50 and Q70), although water is
not available for licensing in either of these catchments in summer (Q95). Water is available (surface water and
groundwater) in the River Lemon catchment all year round (Q30 to Q95) (Environment Agency, 2012).
The closest licensed groundwater abstraction lies approximately 4.5 km to the northeast of Linhay Hill Quarry
(Environment Agency, 2020b). There are licensed surface water abstractions from the River Lemon, just over
2 km to the northeast of the quarry, and from the River Ashburn, 3.5 km to the west and 4.3 km to the
southwest of the quarry respectively (Environment Agency, 2020b); these locations are shown in Figure 4-51.
Abstractions less than 20 m3/d, such as typical private water supplies (PWS), do not require an abstraction
licence (Environment Agency, 2020b).

Figure 4-50 - Aquifer designation in vicinity of the quarry. Scale 1:75,000
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Figure 4-51 - Map of groundwater and surface water abstractions in the Study Area
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Information on PWS throughout the Study Area was supplied by Teignbridge District Council (2020); this
information was supplemented by additional site investigations to verify the status of these PWS and identify
additional PWS that have not been registered with the council. The locations of all identified PWS in the Study
Area are shown in Figure 4-51.
Numerous spring sources are utilised on the higher ground to the north and south of the quarry, beyond the
mapped outcrop of the CBLF. Nine active abstraction boreholes have also been identified in the Study Area,
including those at identified active abstraction boreholes at Little Barton (BH10) and The Larches (BH11), which
were not recorded by Teignbridge District Council.
Atkins has confirmed that the boreholes at Dolbeare (BH7 and BH13) and the three neighbouring springs (S14,
S15 and S35) are no longer used, as the landowners have switched to mains water supply. PWS that may be
sensitive to dewatering impacts from the proposed deepening and extension of the quarry are discussed further
in Section 6, following the assessment of dewatering impacts in Section 5.

4.4.2.

Karst features

Mapping karst features across the Study Area facilitates an improved understanding of potential sources of
recharge to, and discharge from, the CBLF. The map presented in Figure 4-52 also shows the respective
elevation of these features, which helps to identify likely flow paths. To aid clarity, only springs that lie within
250 m of the CBLF outcrop have been shown (identified from OS maps and site investigations by Atkins),
although the locations of numerous, more distal springs can be inferred from the mapped drainage lines.
The proposed extension area lies close to a topographic divide between the catchments of the Balland Stream
to the west and the Kester Brook and River Lemon to the east. Although the most elevated springs near the
quarry lie outside of the CBLF and hence, are not karst features themselves, their respective elevations
indicate that they provide water to these catchments. The presence of nearby swallow holes (marked as ‘139’
and ‘126’ in Figure 4-52) suggests that much of this water enters the CBLF as allogenic recharge (i.e. recharge
originating beyond the CBLF outcrop), having been transported by the Alston and Caton streams. A third
swallow hole, which previously existed near Mead Farm, was infilled in January 2020 by the landowner; this is
marked to the southeast of the current quarry with ‘110’ in Figure 4-52 and shown in Figure 4-39.
As noted in Section 4.3.4, the Samastar and Caton streams go to ground at various points along their current
alignments, depending on flow conditions at the time, although no clearly defined swallow holes are visible at
the surface to ascertain their precise locations. In the case of the Caton stream, flow commonly terminates just
north of the former Goodstone Quarry, where the water goes to ground at a suspected swallow hole
approximately 100 m southeast of the A38. A notable sinkhole is present near the A38 off-slip and receives
surface run-off during extremely wet conditions from overland flow through a field (Figure 4-47). Due to the
absence of a clearly defined watercourse at this location and the intermittent nature of flow, the sinkhole near
the A38 has not been mapped as a swallow hole in Figure 4-47.
Caves, as identified by the Devon and Cornwall Cave Registry (DCUC, 2020) are prevalent in the downstream
parts of the CBLF and increase in frequency with distance from the quarry. This is a common feature of karst
aquifers: as noted by Kresic (2013), cave systems often comprise “progressively larger passages in the downgradient direction toward the locations of aquifer discharge such as springs”. In the eastern part of the CBLF,
Jackdaw’s Hole (marked as ‘103’ in Figure 4-52, to the east of the quarry) reportedly lies near Goodstone
Quarry, a short distance upstream of the Goodstone springs (marked as ‘95’ and ‘96’), whilst the Lemonford
Cave (marked as ‘83’ near the River Lemon) lies adjacent to the spring source of the Lemonford stream
(marked as ‘86’). Given the relative elevations of these features, it is likely that water flowing through the
Lemonford Cave, if any, discharges further downstream, to the River Lemon.
To the southwest of the quarry, the Ashburton Bypass Caves (marked as ‘77’) lie close to the Balland Stream.
Although no springs have been mapped near the Ashburton Bypass Caves, the shallower contact between the
CBLF and the Tavy Formation towards the southwest (shown in Figure 4-3) suggests there could be upward
flow from the base of the CBLF and the discharge of groundwater to either the Balland Stream or the River
Ashburn. In summary, the following features represent current, focussed sources of recharge to the CBLF:


the Alston stream swallow hole (marked as ‘139’ in Figure 4-52);



the Caton stream swallow hole (marked as ‘126’)



the Caton stream suspected swallow hole south of the A38; and

the Mead Farm stream swallow hole (marked as ‘110’), although this source of recharge has recently been
blocked by the landowner.
These features, as well as potential diffuse sources of recharge are discussed further in Section 4.4.4.
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Figure 4-52 - Map of karst features and springs in the Study Area (marked with ground elevations in mAOD)
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The following areas represent natural areas of discharge from the CBLF (anthropogenic discharges from the
CBLF are discussed in Sections 4.3.4, 4.3.5.5 and 4.5):
1.
2.
3.
4.
5.

the Goodstone springs (marked as ‘95’ and 96’ in Figure 4-52);
the spring source of the Lemonford stream (marked as ‘86’) and the River Lemon;
springs to the northeast of Bickington (marked as ‘127’ and ‘111’);
the Balland Stream / River Ashburn, near their confluence; and .
the River Ashburn and the River Dart east of Buckfastleigh.

A further notable aspect of Figure 4-52 is the alignment of the following features to the east of the proposed
extension area:







two spring areas at the northern edge of the CBLF outcrop (marked ‘165’, and ‘159’);
a NNW-SSE trending strike-slip fault, shown by the offset boundary of the CBLF beneath the two springs;
the Caton stream;
the Caton stream swallow hole (marked ‘126’);
Jackdaw’s Hole (marked ‘103); and
the Goodstone springs (marked ‘95’ and 96’).

These features, which may be controlled by the presence of the fault itself, appear to represent a defined
groundwater flow path within the CBLF; this is discussed further in Section 4.4.6.

4.4.3.

Groundwater levels

4.4.3.1.
Site-wide groundwater levels
Groundwater levels in the vicinity of the quarry, recorded in March 2020 following the installation of several
additional monitoring boreholes, are shown in Figure 4-53, alongside the elevations of nearby springs and
swallow holes. Groundwater levels are close to their maximum at this time of year, following a sustained period
of recharge during winter (see Section 4.4.5).
The data shown represent manual water levels recorded in March 2020, or where these are not available,
average values recorded during that month by dataloggers. Beyond the quarry boundary, where there are
numerous boreholes of varying depths, data are shown only from boreholes with screened sections within 30 m
of the ground surface, to represent the likely water table elevation. The data shown indicate:


A steep cone of depression focused on the quarry sump (marked as ‘42’ in Figure 4-53), with limited
drawdown around the Balland Pit. The steepness of the hydraulic gradient around the quarry is particularly
evident in the SW-NE cross-section drawn through the quarry (line of section mapped in Figure 4-55, with
associated cross-section in Figure 4-56).



The presence of a groundwater divide close to the quarry’s south-western boundary. Groundwater to the
southwest of Q9 (marked as ’87.6’ in Figure 4-53) flows away from the quarry, to the southwest, while
groundwater to the northeast of Q9 flows north-eastwards, either to the Balland Pit or the quarry sump.



Groundwater levels throughout the CBLF are substantially lower than those in the higher ground to the
north, in the Tavy and Crackington Formations, and to the south, in the Foxley Tuff and Gurrington Slate
Formations. Whilst this difference is most notable at the quarry, it also exists beyond the quarry’s apparent
zone of influence, to the southwest and northeast, and reflects both the local topography and the higher
permeability of the CBLF with respect to the formations that surround it (Section 4.4.4).



A dominant southerly or south-easterly hydraulic gradient to the east of the current quarry and an area of
south-westerly flow, towards the quarry, within the western part of the proposed extension area. A
groundwater divide, delineating the extent of the quarry’s groundwater catchment, is likely to be present
near the eastern part of the proposed extension area. The location of this groundwater divide is discussed
further in Sections 4.4.6, 4.6.2 and 4.7.



Swallow holes in the Alston and Caton streams that lie several metres above nearby groundwater levels.
The overflowing of the Alston stream swallow hole during winter (Figure 4-35) indicates surcharging of
conduits near the bedrock surface, potentially leading to a degree of groundwater mounding in the CBLF at
this location.



A north-westerly hydraulic gradient near the southern margin of the CBLF, to the southeast of the quarry.
Based on the recorded groundwater elevation in SE3 (marked as ’98.9’ in Figure 4-53) and surrounding
groundwater levels in boreholes and quarry seepages, it is unclear whether a groundwater divide exists
between SE3 and the quarry and hence, whether SE3 lies within the quarry groundwater catchment, or
whether groundwater at this location flows either towards the Balland Stream or northeast to the Kester
Brook. The presence of a groundwater divide in this area is discussed further in Section 4.6.2.
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Figure 4-53 - Observed groundwater levels (March 2020) and elevations of surrounding hydrological features (mAOD)
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Figure 4-54 - Observed groundwater levels (October 2019) and elevations of surrounding hydrological features (mAOD)
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Figure 4-55 - Line of SW-NE section through quarry (boreholes screened to depths greater than 30 mbgl omitted)

Figure 4-56 - SW-NE cross-section through quarry and surrounds showing observed and inferred groundwater levels in March 2020
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Figure 4-57 - Line of NW-SE section through quarry

*apparent angle of thrust fault reflects the line of section intersecting this fault at an oblique angle

Figure 4-58 - NW-SE cross-section through quarry and surrounds showing observed and inferred groundwater levels in March 2020
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Due to groundwater levels falling below the base of shallow monitoring boreholes during summer, fewer data
are available for this time of year. However, data collected during a site-wide monitoring event on 2nd October
2019, following slight recovery of water levels from their annual minima, suggest that there is still a groundwater
divide near the eastern edge of the proposed extension area at this time (Figure 4-54). Although flow may have
ceased at the swallow holes and some of the springs shown, the available borehole data indicate similar
hydraulic gradients to those apparent in the March 2020 dataset.
Cross-sections, showing the inferred water table elevation relative to the ground surface in March 2020, provide
further insights into the factors that control these hydraulic gradients. Along the line of section in Figure 4-55,
groundwater levels at the south-western edge of the quarry exceed the ground surface elevation to the
southwest (Figure 4-56). It is apparent that groundwater levels to the southwest of Q10S are controlled by the
elevation of the Balland Stream; this is discussed further in Section 4.4.6.
In the central part of the line of section, the quarry sump represents the main control on groundwater levels,
inducing apparent drawdown of more than 60 m. Drawdown from the sump appears to be superimposed on a
natural hydraulic gradient to the southwest, with a groundwater divide close to the eastern edge of the
proposed extension area. The results of tracer tests (described in Section 4.2.7) suggest that the groundwater
divide coincides with the location of the Alston swallow hole, and the water table surface in Figure 4-56
indicates a groundwater divide at a similar point.
The connection of the Alston swallow hole with the quarry to the southwest, as well as the alignment of the
groundwater divide with a topographic divide in Figure 4-56, suggests that the current groundwater divide is a
natural feature and that the Alston stream lay within the catchment of the Balland Stream prior to establishment
of the quarry. The location of the water wheel at Alston Farm, to the west of the Alston stream’s current
alignment (see Figure 4-26 and Figure 4-33), supports this hypothesis.
Towards the east of the line of section, the lower groundwater level at NE11 appears to be driven by the
elevations of the Goodstone springs to the south (marked ‘96’ and ‘95’ in Figure 4-53), and the Lemonford
spring (marked ‘86’ in Figure 4-53).
Given the length of operation of the quarry, no data are available on pre-existing groundwater levels in the
surrounding area. However, data obtained from the east of the line of section in Figure 4-56 suggest that
groundwater levels naturally lie approximately 10 m below the surface at this time of year (March 2020). This in
turn suggests drawdown of 5-10 m at the quarry’s north-eastern boundary (at x = 2520 m in Figure 4-56) and
negligible drawdown approximately 400-500 m to the east of the excavation. The ground elevation at the
quarry’s southwestern boundary constrains drawdown at this point to less than 10 m. The net accretion
estimates for the Balland Stream between the quarry and Glentor (see Section 4.4.6.1) suggest that
groundwater levels may lie above water levels in the Balland Stream for at least some of this interval. Where
this occurs, groundwater levels will be controlled by water levels in the Balland Stream, thereby constraining
the maximum extent of drawdown to just over 500 m from the quarry in this direction.
The cross-section in Figure 4-58 (line of section mapped in Figure 4-57) shows a steep hydraulic gradient
behind the quarry’s northwest face and indicates negligible drawdown within the Tavy Formation, due to the
proximity of groundwater to the surface. The cone of depression around the quarry may be shallower to the
southeast, although precise definition of the quarry’s groundwater catchment is hindered by the lower density of
monitoring boreholes in this area. The shape of the water table between the quarry and SE3 remains subject to
uncertainty, although the possible presence of a groundwater divide in this area is informed by the following:


the inferred areal extent of the quarry’s groundwater catchment, based on estimated recharge and
measurements of groundwater inflow (see Section 4.6.2);



the steepness of the cone of depression behind the other faces of the quarry, as constrained by observed
groundwater levels in these areas; and

the dip of the CBLF strata to the southeast represents a possible structural control, which may limit
drawdown in this direction, due to the greater likelihood of preferential flow paths running in the direction of
dip, rather than perpendicular to it.
The hydrographs in Figure 4-59 show how groundwater levels (recorded by dataloggers) vary over time in 27
monitoring boreholes, in response to seasonal recharge and quarry dewatering. One additional borehole, SE3,
was installed in late March 2020, although there are insufficient data at present to produce a meaningful
hydrograph for this location. Analysis of the hydrographs in Figure 4-59 indicates the following:




Annual variations in groundwater levels are lowest in the boreholes that intercept the Tavy Formation (i.e.
NW1S and NW1D), reflecting the low permeability of this formation in comparison to the CBLF. The slow
recovery of water levels in NW1D following a slug test in August 2018 further highlights this.



Groundwater levels within the Tavy Formation are substantially higher than in the CBLF throughout the
year and lie close to or exceed the local ground surface elevation. The consistent vertical hydraulic gradient
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Figure 4-59 - Groundwater level hydrographs (GL = ground level)
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