4.3.

Hydrology

4.3.1.

Introduction

The local climate and the presence of karst features, such as swallow holes, springs, conduits and caves,
strongly influence the natural hydrology of the Study Area. In addition, anthropogenic factors have influenced,
and continue to influence, the water environment. These factors include:


historical mining;



quarrying (both historical, at Linhay Hill and other sites, and ongoing, at Linhay Hill); and

changes in the way surface water is managed, through the diversion of streams and infilling of sinkholes
and swallow holes.
This section of the report summarises the hydrology of the Study Area, including the natural and anthropogenic
factors that influence it, based on interpretation of data from the field investigations listed in Table 4-4 and
numerous publicly available reports, maps and other data sources.


4.3.2.

Rainfall

Annual rainfall in the Study Area typically ranges from 960 mm to 1935 mm (Figure 4-19), with a long-term
average since 1958 of 1,452 mm, based on data obtained from the Met Office for the 5 km grid square centred
on Ashburton, at NGR 272500, 72500 and since 2017, on data obtained from MORECS for the Linhay Hill
Quarry, at NGR 277700, 71750 (Met Office, Hollis, D. and McCarthy, M., 2017; Met Office, 2018; 2020).
Rainfall is unevenly distributed throughout the year, with relatively wet winters and dry summers; as shown in
Figure 4-20, average monthly rainfall in December is approximately three times the value in July.

Figure 4-19 - Annual rainfall in Ashburton (1958-2016) and at the Linhay Hill Quarry (2017-2019)
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Figure 4-20 Monthly rainfall distribution for Ashburton (1958-2016) and Linhay Hill Quarry (2017-2019)
Site specific data have been collected from Alston Farm since October 2017. Total monthly rainfall from this
gauge is compared in Figure 4-21 to data provided by the Met Office (2018; 2020) for the 5 km grid square
surrounding the quarry and by the Environment Agency for their gauge in Bickington (gauge no. 362559), 2 km
east of the quarry. Since monitoring commenced at Alston Farm, total rainfall recorded at this location is 18%
greater than that recorded at the Environment Agency station in Bickington and 2% greater than MORECS
values. As rainfall typically increases on higher ground, this difference may be explained by the relative
elevations of the Alston Farm (176.17 mAOD) and Bickington gauges (79.60 mAOD). The MORECS rainfall
values, which are similar to those recorded by the Environment Agency for Bickington, are interpolated from
surrounding gauging stations, which are typically located near population centres, on low-lying ground.
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Figure 4-21 - Comparison of recorded monthly rainfall at a) Alston Farm and EA Bickington and b)
Alston Farm and MORECS

4.3.3.

Regional hydrology

4.3.3.1.
Introduction
The main surface water features in the Study Area are the Rivers Ashburn and Lemon, the Balland Stream and
the Kester Brook, although the River Dart also flows through the far southwest of the Study Area, approximately
5 km from the quarry. These surface water features, based on OS data, are shown on Figure 4-22.
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Figure 4-22 - Map of surface watercourses in the Study Area and surrounds (based on OS data)
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Summaries of the water status of each catchment and their locations with respect to the quarry and
surrounding Study Area are provided in the following sections.
4.3.3.2.
River Dart catchment
The River Dart sits within the Dart, Start Bay and Torbay WFD Operational Catchment. The River Dart
catchment itself has been classified as having ‘moderate’ ecological status under the Water Framework
Directive (WFD), but failed to achieve good chemical status, due to suspected mercury contamination from
atmospheric deposition and contaminated land. The River Dart catchment, as represented by the Environment
Agency Catchment Data Explorer (Environment Agency, 2020a), intersects the southernmost and westernmost
parts of the Study Area, approximately 3.5 km from the quarry, as shown in Figure 4-23.

Figure 4-23 - River Dart catchment in the vicinity of the Study Area, as shown by the Environment
Agency Catchment Data Explorer
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The South Devon Catchment Abstraction Management Strategy (CAMS) (Environment Agency, 2012) indicates
that there is ‘water available’ (surface water and groundwater) in the Dart catchment during the spring, autumn
and winter (Q30, Q50 and Q70) periods, although in the summer (Q95), water in this catchment is not available
for licensing.
Within the Study Area, the closest point of the River Dart to the quarry is approximately 4 km to the west, near
Shere Wood, where the river is at an elevation of approximately 42 mAOD. In the vicinity of the Study Area, the
River Dart predominantly flows through alluvial deposits, overlying the Tavy and Foxley Tuff Formations,
although it also intersects the edge of the CBLF outcrop, as shown in Figure 4-22.
Downstream of Buckfast, the River Dart is designated a main river. Its level is gauged at Austins Bridge, near
Buckfastleigh, by the Environment Agency and shown online by the Government’s flood information service
and National River Flow Archive. The upstream catchment is 247.6 km2 to the gauging station, which has an
elevation of 22.4 mAOD.
4.3.3.3.
River Ashburn catchment
The River Ashburn sits within the Dart, Start Bay and Torbay WFD Operational Catchment. Linhay Quarry also
lies within this catchment, which has been classified as having ‘good’ chemical and ecological status under the
WFD (Environment Agency, 2020a). The River Ashburn catchment, as represented by the Environment Agency
Catchment Data Explorer (Environment Agency, 2020a), is shown in Figure 4-24, although that representation
is not wholly correct for the topography locally at Alston Farm, where the land to the north of the farm buildings
is within the River Lemon catchment.
The South Devon Catchment Abstraction Management Strategy (CAMS) (Environment Agency, 2012) indicates
that there is ‘water available’ (surface water and groundwater) in the Ashburn catchment during the spring,
autumn and winter (Q30, Q50 and Q70) periods, although in the summer (Q95), water in this catchment is not
available for licensing.
The closest point of the River Ashburn to the quarry is approximately 1 km west, at Cuddyford Cross, where the
river is at an elevation of around 95 mAOD as it flows southwest under the Rew Road; the River Ashburn is
designated a main river downstream of this point. The River Ashburn flows through alluvial deposits and the
CBLF in the southern part of Ashburton, as shown in Figure 4-2, although in parts of Ashburton further to the
north, it lies within a concrete-lined channel and is partly culverted.
The River Ashburn level is gauged in Ashburton by the Environment Agency just upstream of the town centre
and shown online by the Government’s flood information service. The elevation of the gauging station is
approximately 72 mAOD. Direct monitoring of the flows within the River Ashburn in Ashburton has not been
undertaken by the Environment Agency.
As shown in Figure 4-24, the surface water catchment of the Balland Stream lies within the broader catchment
of the River Ashburn, to the north and west of the quarry, although recent investigations indicate that the
groundwater catchment of the Balland Stream seasonally extends to the northeast of the quarry, beyond the
boundary of the proposed extension area. A detailed description of the Balland Stream is given in Section
4.3.4, whilst the underlying groundwater flow regime is described in Sections 4.4.6 and 4.7.
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Figure 4-24 - River Ashburn catchment in the vicinity of the Study Area, as shown by the Environment
Agency Catchment Data Explorer
4.3.3.4.
River Lemon catchment
The area of the proposed extension to the quarry lies within the Teign WFD Operational Catchment, which is a
subdivision of the South Devon Management Catchment. The River Lemon is a sub-catchment of the Teign
catchment and is classified as having ‘good’ chemical status and ‘moderate’ ecological status under the WFD
(Environment Agency, 2020a). The River Lemon catchment is shown in Figure 4-25, as represented by the
Environment Agency Catchment Data Explorer (Environment Agency, 2020a), although this representation
incorrectly omits land to the north of Alston Farm, which drains into the River Lemon.
The South Devon Catchment Abstraction Management Strategy (CAMS) (Environment Agency, 2012) states
that there is ‘water available’ (surface water and groundwater) in the River Lemon catchment all year round
(Q30 to Q95).
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Figure 4-25 - River Lemon catchment in the vicinity of the Study Area, as shown by the Environment
Agency Catchment Data Explorer
The closest point of the River Lemon to the quarry is approximately 2.3 km to the northeast, roughly where the
river crosses under the A38 at Bickington, although it is not designated a main river until 2.5 km further
downstream, where it passes under the A383. The River Lemon flows through a zone of the CBLF for
approximately 500 m in Bickington (Figure 4-2). The River Lemon level is gauged in Bickington by the
Environment Agency and shown online by the Government’s flood information service. The elevation of the
gauging station is approximately 74 mAOD. Direct monitoring of the flows within the River Lemon in Bickington
has not been undertaken by the Environment Agency.
As noted in Section 4.3.3.3, whilst the proposed extension area to the east of the quarry lies within the surface
water catchment of the River Lemon, groundwater in this area lies within the catchment of the Balland Stream,
and by extension, the River Ashburn, as described in Sections 4.4.6 and 4.7.
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4.3.4.

Surface water features near the Linhay Hill Quarry

Detailed investigations of surface water features near the quarry indicate a dynamic system, that responds to
large seasonal fluctuations in rainfall (Figure 4-20), as well as human activities. The seasonally-varying nature
of surface water features is highlighted in Figure 4-26, which in addition to the main watercourses shows
numerous intermittent drainage channels, flood exceedance routes and areas prone to the ponding of water,
following heavy rainfall. Anthropogenic factors affecting surface water in this area are also shown; these relate
to the quarry, to engineered drainage associated with the A38 and to the activities of local landowners. This
section sets out the main hydrological features around the quarry and how these vary over time.
As shown in Figure 4-26, streams in the vicinity of the quarry are typically fed by springs, the majority of which
lie to the north of the CBLF outcrop. There are also four historical mine adits in this area, some of which
discharge groundwater and contribute to flow in the Alston stream and Balland Stream catchments, particularly
during winter. The implications of these adits for water quality are discussed in Section 4.4.8.
The natural springs to the north of the CBLF mainly flow from the contact of the St. Mellion and Tavy
Formations, based on BGS 1:50,000 mapping (BGS, 2020b). The St Mellion Formation pinches out to the
northwest of the quarry, forcing groundwater to the surface as it comes into contact with the lower-permeability
Tavy Formation. Springs also emerge directly from the multi-layered St. Mellion Formation aquifer, possibly as
a consequence of sandstone emerging to the surface above a mudstone unit.
The springs are seasonal and flow in several of them ceases during periods of low rainfall; this can be
attributed to seasonal water table fluctuations in the St. Mellion Formation. The springs to the west of the Alston
stream naturally flow into the Balland Stream, although recent tracer testing conducted at the Alston stream
swallow hole (Section 4.2.7) indicates that the quarry intercepts a component of flow from the Alston stream
itself.
This flow emerges within the quarry at the northeast face fracture (marked as ‘1’ in Figure 4-26 and shown in
Figure 4-27 and Figure 4-28), a diagenetic, calcite fracture, approximately 2 to 5 m wide and dipping at an
angle of 75º to the ESE. The main inflow is located at an elevation of approximately 103 mAOD within the
Level 3 face (approximately 97-110 mAOD), although some flow occurs from the Level 2 and Level 4 faces
above and below the observed main inflow. During periods of high rainfall, typically in winter, the inflow is
sufficient to form a steady stream of water. During dry periods, typically in summer, the inflow is reduced, but
remained throughout the monitoring period, This indicates that the inflow from the fracture depends primarily on
rainfall, but that groundwater storage provides a sustained component of flow during dry conditions. (see
Section 4.4.6.2).
Discharge from the northeast face fracture is collected at the base of the northeast face and conveyed
overland, via an open, unlined ditch towards a sump at the edge of a bunded holding tank on Level 6 of the
quarry. There is no overland connection between this sump and the adjacent Level 6 holding tank, although
water in both the ditch and the Level 6 sump infiltrates to the CBLF conveying water to both the holding tank
and the main quarry sump on Level 7. Water from the quarry sump on Level 7 is transferred to the Level 6
holding tank, before being pumped to the Balland Pit (marked in Figure 4-26 as ‘MP12’).
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NOTES
1)
2)
3)
4)
5)
6)
7)
8)
9)

Northeast face fracture (Figure 4-27 and Figure 4-28)
Southeast face conduit (Figure 4-29)
Level 7 conduits (Figure 4-30 and Figure 4-31)
Quarry discharge to the Balland Stream (Figure 4-32)
Historical alignment of Alston stream towards former mill (Figure 4-33)
Ponding in sinkholes to the west of Alston Farm (Figure 4-34)
Overflow of Alston stream swallow hole (Figure 4-35)
Ponding of water on the northern edge of A38 (Figure 4-36)
300 mm pipe under A38 (Figure 4-37)

10)
11)
12)
13)
14)
15)
16)
17)
18)

Inferred intermittent flow within Mead Cross Unconfirmed Wildlife Site (Figure 4-38)
Infilled swallow hole in the Mead Farm stream (Figure 4-39)
Partial diversion of Caton stream (Figure 4-41)
Cattle creep underbridge under the A38 (Figure 4-42)
Inundation following heavy rainfall (Figure 4-43)
Inundation following heavy rainfall (Figure 4-44)
Goodstone springs (Figure 4-45 and Figure 4-46)
Runoff through field towards A38 off-slip following heavy rainfall (Figure 4-47)
Pipe under A38 off-slip (Figure 4-48)

Figure 4-26 - Hydrological features in the vicinity of Linhay Hill Quarry and locations of flow and water level monitoring
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Figure 4-27 - View of northeast face, with northeast face fracture shown a) viewed from Level 5 of the
quarry and b) in plan view

Figure 4-28 - Flow from northeast face fracture at Level 3 in the quarry (1/2/16)
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Along the southeast face of the quarry, seasonal discharges occur, in the location marked as ‘2’ in Figure 4-26.
The majority of the flow is via a conduit, referred to as the southeast face conduit (Figure 4-29), although during
winter, when groundwater levels in the CBLF are highest, several seepage features discharge to the quarry in
the vicinity of ‘2’, due to the CBLF water table intercepting the quarry face. The water then flows overland to the
Balland Pit, down-gradient of ‘2’.

Figure 4-29 - Flow from southeast face conduit at Level 4 in quarry
Groundwater discharges to the deepest part of the quarry via conduits (marked as ‘3’ in Figure 4-26, with
recent examples shown in Figure 4-30 and Figure 4-31) exiting the CBLF within Level 7 (54-41 mAOD). Flow
from these features reduces substantially over a period of weeks or months after initial interception by the
quarry. Ultimately, the networks of conduits connected to these features are quarried out, whilst other conduits
are intercepted as excavations continue. In the early part of 2020, two flowing conduits were present in Level 7
of the quarry. These flows drain to the sump, at the lowest point of the quarry (marked as MP9 on Figure 4-26).
From the sump, water is pumped to the Balland Pit, via the Level 6 holding tank.

Figure 4-30 - Flowing conduit exposed in Level 7 during excavation (16/01/18)
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Figure 4-31 - Flowing conduit and associated cavity exposed in Level 7 during excavation (28/10/19)
Water is stored in the Balland Pit (marked as ‘MP12’ in Figure 4-26), which acts as a settlement pond for
sediment-laden water intercepted by the quarry, before being pumped to the Balland Stream (marked as ‘4’ in
Figure 4-26 and shown in Figure 4-32).

Figure 4-32 - Quarry pumped discharge to the Balland Stream
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The Balland Stream is fed by several springs (shown in Figure 4-26), surface runoff and the periodic pumped
discharge from the Balland Pit. The upper reach of the Balland Stream flows over the Tavy Formation near the
north-western boundary of the quarry. It is culverted under the existing quarry tip and runs in an open concrete,
block-lined channel near the quarry. The stream flows through the west side of the quarry property, and flows
southwest, roughly parallel to the A38, before joining the River Ashburn in the town of Ashburton. Through
Ashburn, the Balland Stream is culverted in some areas, although there are also sections of open channel,
which are concrete lined in places.
During periods of high rainfall, two spring areas located to the north of the Alston Farm generate overland flow
to the south, past Alston Farmhouse, forming the Alston stream. Flow within the Alston stream is highly
seasonal and historically has also been affected by various human activities. The stream was previously
diverted to a water wheel at Alston Farm (marked as ‘5’ in Figure 4-26 and shown in Figure 4-33), and although
no records are available to show its previous route downstream of this point, the location of the water wheel
and its alignment suggests flow from the waterwheel sump towards fields to the southwest of the farmhouse.
To the southwest of this point, sinkholes have been identified (marked as ‘6’ in Figure 4-26 and shown in Figure
4-34); during the wet winter of 2019 to 2020, ponded water was observed in these features. Based on the
landowner and tenant’s recollection, diversion of the Alston stream to its current alignment occurred between
2004 and 2006.

Figure 4-33 - Water wheel at Alston Farm along former alignment of Alston stream

Figure 4-34 - Ponded water in sinkhole to the southwest of Alston Farmhouse
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Following diversion to its current alignment, the watercourse now flows in a predominantly south-easterly
direction, from Alston Wood to a drainage ditch north of the A38. Since its diversion to the current route, a
series of swallow holes has formed within the watercourse. The feature referred to as the Alston stream
swallow hole, which was subject to tracer testing in April 2016 and early 2020 (Section 4.2.7), is marked as ‘7’
in Figure 4-26 and is shown in Figure 4-35 below. For part of the year, the Alston stream terminates at this
swallow hole, although, as shown in Figure 4-35, the stream continues southwards during wet periods (when
stream flow is 10 l/min or more, as described in Section 4.2.7). The stream has previously been observed
entering nearby swallow holes, whilst the observed reduction in flow along its current route suggests that there
is extensive infiltration from the Alston stream to the underlying CBLF.
Following prolonged or heavy rain the stream flows to a drainage channel north of the A38, where ponding has
been observed (marked as ‘8’ in Figure 4-26 and shown in Figure 4-36). This ponded water is able to flow
under the A38 towards the Mead Cross Unconfirmed Wildlife Site (UWS), by means of a drainage pipe (marked
as ‘9’ in Figure 4-26 and shown in Figure 4-37). As flow in this part of the Alston stream is ephemeral, the
drainage pipe is dry for much of the year. Flow within the Mead Cross UWS has not been observed by Atkins,
even during winter, although it has been visited after rainfall and local landforms and vegetation in this area
indicate the presence of ephemeral drainage channels in its north side (marked as ‘10’ in Figure 4-26 and
shown in Figure 4-38).

Figure 4-35 - Alston stream swallow hole and overflow (13/2/20)
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Figure 4-36 - Ponding of water to the north of A38

Figure 4-37 - Pipe under the A38 north of Mead Cross UWS a) inlet during wet conditions b) outlet
during dry conditions
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Figure 4-38 - Photograph of ephemeral drainage line within the Mead Cross Unconfirmed Wildlife site
(7/12/16)
The Mead Farm stream originates as land drainage discharge from a field south of Higher Mead, to the
southeast of MP19 on Figure 4-26. It then flows northwest through a ditch and underground pipe across the
CBLF to MP19, before flowing in a north-easterly direction in a channel adjacent to Gale Road. At the point
marked ‘11’ on Figure 4-26, a swallow hole historically received flows from the Mead Farm stream. In January
2020 this swallow hole was infilled with concrete (Figure 4-39) by a local farmer to address potential land
stability risks beneath Dolbeare Road to the north. Infilling is likely to have increased the flow of surface water
beyond point ‘11’ on Figure 4-26 towards the Kester Brook.
Prior to the infilling with concrete, the swallow hole would become periodically blocked with sediment, exerting
a major control on the partitioning of flow between the swallow hole and the channel of the Mead Farm stream
and Kester Brook downstream of this point. When the channel was cleared of vegetation and sediment, the
swallow hole would accept flow from the Mead Farm stream, and the channel downstream of this point would
often be dry, even towards the end of winter (as shown in Figure 4-40), when groundwater and surface water
levels are commonly at their seasonal maxima. This indicates that this stretch of the watercourse does not
receive baseflow from groundwater and hence, that groundwater levels are consistently below the level of the
stream bed (see Section 4.4.3.2).
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