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17. Land Stability
Introduction
This is an updated version of ES Chapter 17 that has been prepared in response to the
Regulation 22 Request 2016 issued by the DNPA in December 2016.
Following receipt of comments on the accompanying Environmental Statement on both hydrology
and land stability from statutory consultees and other parties and to address the questions raised
in the Reg 22 Request 2016, E&JW Glendinning Ltd. utilising Atkins Ltd. has undertaken an
additional program of data collection and studies on the site and its surrounds, including further
survey and ground investigation and additional geological and hydrogeological desk study,
monitoring and interpretation.
An assessment of how the proposed extension of Linhay Hill Quarry may affect the local surface
water hydrology and groundwater regime is provided in a Hydrogeological Impact Assessment
2018 [1] prepared by Atkins Ltd., which builds on the earlier Hydrogeological Impact Assessment
2016 [2], prepared by Atkins, and an updated ES Chapter 12 Water Resources, Drainage and
Flood Risk. That chapter is also informed by the Flood Risk Assessment, May 2016, [3] prepared
by Atkins Ltd.
The programme of work and subsequent interpretation building on the earlier Land Stability Risk
Assessment, May 2016, [4] prepared by Frederick Sherrell Ltd. (Consulting Engineering
Geologists and Geotechnical Engineers) is reported in an updated Land Stability Risk
Assessment 2018 and its appendices.
The updated Land Stability Risk Assessment 2018 (LSRA 2018) and its appendices provides the
supporting information for this revised ES Chapter 17 along with the Hydrogeological Impact
Assessment 2018. The LSRA 2018 is provided in Appendix 17.1 of the Reg 22 Response.
References are listed at the end of the chapter.

Objectives of the Land Stability Risk Assessment 2018
The focus of the updated Land Stability Risk Assessment is the effect on land stability risk from
the impacts of deepening Linhay Hill Quarry and extending the quarry progressively to the
northeast into Alston Farm fields. The extension will require deepening and dewatering of the
quarry during its operation and the construction of bunds for overburden on land at Alston Farm,
and the attendant drainage including diversion over a relatively short length of a seasonal
ordinary watercourse which flows from springs in Alston Wood.

Scope
The Further Information sought in the Reg 22 Request 2016 was prompted by concerns raised in
relation to the Land Stability content in the original ES by Highways England and the Caton
Group. The concerns relate to the buried karst character of the limestone deposit that Linhay Hill
Quarry is working.
Karst is “the term applied to topography formed by the dissolution of soluble rocks, such as
limestone, as a consequence of fluids moving across and through them. … Areas of karst are
usually characterised by the distribution of caves, sinkholes (dolines, or doline groups (ponors);
points of surface water recharge), springs (points of resurgence of water passing through the
rock) and dry valleys” (BGS website)1. Further Information about karst in provided in Appendix A
of the LSRA 2018. Gypsum, chalk and salt are also subject to karst.
Karst features are observable in Linhay Hill Quarry and the surrounding land and evidenced by
past ground investigations, and the ES Appendix 15 Historic Environment Assessment identifies
1

See https://www.bgs.ac.uk/research/engineeringGeology/shallowGeohazardsAndRisks/sinkholes/catonKarst.html
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more than a dozen other former quarrying locations in the limestone nearby, some of which have
been incorporated into Linhay Hill Quarry. Karst is also present in other areas of limestone in
South Devon and nearby, with extensive karsification present with caves at Pridhamsleigh and
Buckfastleigh, and in the upper levels of Stoneycombe Quarry, and within the Plymouth
Limestone which contains many caves and sinkholes including for example Worth’s Cattedown
Bone Cave a scheduled monument (list entry 1021406) 150m north of Cattedown Wharves, and
at Moorcroft Quarry as reported within the Aggregate Industries UK Ltd. Moorcroft Quarry ROMP
Water Environment Impact Assessment, April 2015. Generally in south Devon karstic solution
effects have produced secondary porosity in the limestones which are otherwise dense and
highly crystalline (Jones et al [5]). Many of the karst locations in south Devon now also have
statutory designation for protection, such as Pridhamsleigh Caves SSSI, Buckfastleigh Caves
SSSI, Torbryan Caves SSSI, Chudleigh Caves and Woods SSSI, Kents Cavern SSSI and
Scheduled Ancient Monument, Berry Head to Sharkham Point SSSI, and Ash Hole Cavern and
Brixham Cavern Scheduled Ancient Monuments [6].
In karst areas, the sudden appearance of ground subsidence over solution features is often
triggered by heavy rainstorms, with other potential contributory causes being the introduction into
the ground of excessive concentrations of surface water via field drains or soakaways, leaking
water supply pipes or drains, groundwater lowering, or active or static surface loading (Edmonds,
[7] [8]). Hence buildings and infrastructure founded within the soil profile over karst limestone
may be vulnerable to subsidence caused by the development of sinkholes.
The presence of karst features near a site may also be very important to the overall
understanding of the subsurface geology of the site itself (Fookes & Hawkins [9]).
Hence the scope of work carried out to inform the LSRA 2018 and this updated chapter has been
as follows:
1. Carry out an engineering geology desk study of Linhay Hill Quarry and its surroundings,
including the findings of project-specific ground investigations and walkovers, to ascertain
the ground conditions and sources of potential land stability risk with a particular focus on the
karst and sinkhole formation process in the local limestone outcrop (see LSRA 2018
Appendix A).
2. Carry out aerial photograph and satellite image interpretation, followed by targeted visual
inspection of the working quarry and engineering geomorphological field walkovers of
targeted parts of a Land Stability Study Area (as defined in the LSRA 2018). Field walkovers
included the identification, mapping, and classification of sinkholes according to a projectspecific classification scheme (see LSRA 2018 Appendices B and C, also E).
3. Incorporate the findings from Atkins’ hydrogeological conceptual model and associated
groundwater monitoring and testing presented in Hydrogeological Impact Assessment 2018
and the updated ES Chapter 12.
4. Identify existing and potential land stability hazards, receptors, impacts, and effects and
develop the risk assessment prepared by Frederick Sherrell Ltd [4].
5. Present mitigation measures, and approach to monitoring of the land stability situation in a
Karst Management Plan2. Mitigation includes drainage control, monitoring, implementation of
the Karst Management Plan, and sinkhole repair.
6. Assess the residual risks/impacts/effects taking the proposed mitigation measures into
account, including monitoring to allow land stability hazards, if any develop, to be identified
at an early stage.
Permission to undertake walkover surveys was given by several neighbouring landowners and
Atkins acknowledges that access assistance for the study.
This revised chapter sets out the assessment methodology, provides a review of the baseline
conditions at the site and surrounding area, and evaluates the potential impacts arising from
construction and operation of the proposed development on identified receptors. Mitigation
measures to be undertaken prior to, or during construction or operation, to minimise the impacts

2

See HIA 2018 Section 7.3 and revised Chapter 12
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of the proposals are also presented. The significance of the residual potential impacts on land
stability is assessed taking account of the proposed mitigation measures.

Policy
Relevant national and local policies in relation to land stability are detailed further below.
National Planning Policy Framework [2]
Land stability is addressed in the NPPF 2018 under the heading of ‘Conserving and enhancing
the natural environment’ at para 170:
“e) preventing new and existing development from contributing to, being put at
unacceptable risk from, or being adversely affected by, unacceptable levels of
soil, air, water or noise pollution or land instability. Development should,
wherever possible, help to improve local environmental conditions such as air
and water quality, taking into account relevant information such as river basin
management plans;.”
Planning Practice Guidance for Land Stability [3]
The Guidance includes ‘ensuring proper design of buildings and their structures to cope with any
movement expected’ (Paragraph: 005; Reference ID: 45-005-20140306; Revision date: 06 03
2014) amongst other mechanisms available for mitigating and minimising the risks to
development. The guidance advises:
“If land stability could be an issue, developers should seek appropriate technical and
environmental expert advice to assess the likely consequences of proposed developments on
sites where subsidence, landslides and ground compression is known or suspected.”
“A preliminary assessment of ground instability should be carried out at the earliest possible
stage before a detailed planning application is prepared. Developers should ensure that any
necessary investigations are undertaken to ascertain that their sites are and will remain
stable or can be made so as part of the development of the site. A site needs to be assessed
in the context of surrounding areas where subsidence, landslides and land compression
could threaten the development within its anticipated life or damage neighbouring land or
property.”
“Such information could be provided to the planning authority in the form of a land stability or
slope stability risk assessment report. Developers may choose to adopt phased reporting,
e.g. desk study results followed by ground investigation results.”
(Paragraph: 006; Reference ID: 45-006-20140306; Revision date: 06 03 2014).
Development Plan
Land stability is not mentioned in the Dartmoor National Park Authority (DNPA) Core Strategy [4],
but the Development Management and Delivery Development Plan Document (DMD DPD)
contains Policy DMD18: Development on unstable land, which states:
“Policy DMD18: Development on unstable land. Development involving the erection of buildings
or structures on unstable land must be accompanied by a stability report. Where instability is
present, planning permission will only be granted where acceptable remedial measures are
agreed in writing with the Authority and where there are arrangements in place to ensure that
such measures will be carried out prior to, or if appropriate concurrently with, development. A
condition may be attached to the permission to ensure that regular monitoring of ground stability
is undertaken.”
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Methodology
The Land Stability Risk Assessment 2018 has been prepared in accordance with the Land
Stability Planning Practice Guidance, published by the Department for Communities and Local
Government.
This chapter of the ES considers the effectiveness of the recommended mitigation measures in
the Land Stability Risk Assessment 2018 and assesses the residual effects on the identified
receptors. All residual effects are cumulative with the effects from the existing quarry operations
at Linhay Hill Quarry.
In EIA terms, the assessment criteria necessary for assessing the residual risks/impacts/effects
of the development take account of the magnitude of the impact and the sensitivity of the
receptor, together with the effectiveness of mitigation. This process allows the relative
significance of the effects to be determined, which informs the assessment of overall significance.
This is discussed in more detail in Chapter 7 of the ES.
As with other topics, residual effects, or in this case – residual risks, that are rated as moderate
or above are considered ‘Significant’ in EIA terms, as set out in Table 21-3 of the original ES.
The LSRA 2018 identified that limestone is one of the major components of the supply of
aggregate in the UK and is also an important source of aggregate supply in many other countries
worldwide. As a soluble rock there is always a risk that limestone deposits have been or are
subject to karst processes to a greater or lesser extent. Although karst is developed in the
Devonian Limestone in South Devon, the best developed karst landscapes and the longest cave
systems in England are associated with the Carboniferous Limestone which forms the karst
landscapes of the Mendip Hills, the Yorkshire Dales and the Derbyshire Peak District. All these
areas are important sources of limestone aggregate. Thus limestone is almost invariably quarried
from karstic limestone with other land uses nearby, and it is certainly the case that as well as the
areas mentioned above, the limestone worked at the other three limestone quarries in Devon Moorcroft, Stoneycombe and Westleigh - is karst limestone. Karstic deposits of gypsum, chalk
and salt are also quarried or mined.
This provides important context to approach the consideration of the potential effects of land
stability associated with the proposals.

Baseline
Existing topography
The quarry is approximately 1 km northeast of Ashburton. It is broadly rectangular in outline, with
its longest axis aligned roughly northeast-southwest, parallel to the alignment of the A38 dual
carriageway. It lies at the top of the catchment of the Balland Stream, which flows southwest to
the River Ashburn, a tributary of the River Dart.
The proposed extension spans the watershed between the Balland Stream and the Kestor Brook,
the latter flowing east to join the River Lemon 3 km east of Bickington. The terrain rises from the
valley of the River Ashburn to the watershed, which is approximately 1 km across at its widest
point midway between Ashburton and Bickington, and then falls to the valley of the River Lemon
at Bickington, with ridges to the northwest and southeast.
The area of the proposed extension and overburden bunds lies to the northeast of the existing
quarry and is situated in an area of agricultural land that slopes gently towards the south and
east. The proposed extension area is bounded to the southeast by the A38 dual carriageway,
which is partly situated on an embankment, the rest is in a shallow (approx. 2m) cutting. The
current elevation of the proposed extension area ranges from approximately 115mAOD in the
south to approximately 145mAOD in the north, near to Alston Farm. It is proposed that the southwestern part of the extension area will be excavated (the ‘proposed extraction area’), whereas
the north-eastern part and a strip alongside the A38 will be used for bunds of overburden.
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Geological Overview
Linhay Hill Quarry works a southwest-northeast trending outcrop of the Chercombe Bridge
Limestone Formation which is thought to be Eifelian to Famennian in age (Middle to Upper
Devonian) as shown by Figure 17-1. The limestone was deposited approximately 393 to 383
million years ago on a shallow undersea ridge or ‘rise’ in a tropical marine environment. It is
generally described in the literature as dark-grey, well-bedded limestone with interbedded shale.
On BGS Map Sheet 338 (1995) it is described as “medium to dark grey limestone beds”, and on
BGS Map Sheet 339 (1997) it is described simply as “Grey limestone”.
Figure 17-1 Geological map of the area around Linhay Hill Quarry and simplified geological cross
section showing the existing quarry excavation (purple outline) and the proposed quarry extension
(red outline). Map and cross section adapted from BGS Map sheet 338 [10] and sheet 339 [11]. The
cross section shown on BGS map sheet 338 has been re-drawn by Atkins to show the extent of
Linhay Hill Quarry in the context of the bedrock geology.

A summary of bedrock formations in the area around Linhay Hill Quarry is provided in Table 17-1.
More detailed descriptions of the bedrock formations are included in Appendix A of the LSRA.

Atkins Environmental Statement - Updated Land Stability Chapter | Version 2.2 |
February 2019 | 5151424

17-5

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

Table 17-1 Summary of bedrock formations in the area around Linhay Hill Quarry, and shown on the
geological map (Figure 17-1), listed in stratigraphic order (youngest at the top, oldest at the bottom).
Bedrock Formation and geological code
on map (Figure 17-1)
Crackington Formation
(Including St Mellion
Formation)

CkF

Geological age

Thickness
(Approx.)

Lower Carboniferous

>1000m

ACh, d1-3Te, Teign Chert and Codden Hill Carboniferous
and d1-3At Chert Formations

>70m

Material type
Mudstone, sandstone,
and siltstone
Chert, shale, and
mudstone

Rora Mudstone Formation

Upper Devonian to
Carboniferous

Unknown

Mudstone

GuSl and
cdGU

Gurrington Slate

Upper Devonian to
Carboniferous

Unknown

Slate

KBSl

Tavy Formation

Upper Devonian

Unknown

Slate and mudstone

CBL

Chercombe Bridge
Limestone Formation

Middle to Upper
Devonian

>250m

Foxley Tuff Formation
(part of the Kingsteignton
Volcanic Group)

Middle Devonian

edRo

Z and ZB

Limestone

<30m locally. Lava flows and volcanic
Up to 195m ash, with beds of
elsewhere. limestone

The outcrop of the Chercombe Bridge Limestone Formation within which Linhay Hill Quarry is
developed covers an area of more than 300 hectares, extending from Ashburton to Bickington.
The quarry is located where the outcrop is at its widest (some 1000 metres northwest to
southeast), but the quarry footprint is narrower lying between the A38 dual carriageway to the
southeast and the geological boundary with the Tavy Formation to the north.
On BGS Map Sheets 338 [10] and 339 [11] the bedding within the Chercombe Bridge Limestone
Formation strikes between approximately 030 and 065 degrees (relative to Ordnance Survey
Grid North) and dips between approximately 33 and 68 degrees towards the southeast.
Several thrust faults are indicated near Linhay Hill Quarry on BGS Map Sheet 338, showing older
rocks to have been thrust over younger rocks. A major thrust fault is located immediately north of
the quarry, aligned southwest to northeast, which is probably a continuation of the Bickington
Thrust. The limestone has been thrust onto the younger slates of the Tavy Formation, which
outcrop to the north.
A second thrust fault is shown on Geological Map Sheet 338 [10] at the western and southern
extent of the limestone outcrop where it marks the contact between the limestone and the Foxley
Tuff Formation. These extrusive igneous rocks have been thrust over the Chercombe Bridge
Limestone and outcrop as a narrow (less than 500m wide) strip along the entire southern edge of
the Limestone outcrop, extending to Bickington (approximately 2.3km northeast of the existing
quarry).
The southwest-northeast trending thrust faults that bound the Chercombe Bridge Limestone
outcrop are believed to dip towards the southeast at angles broadly consistent with the bedding in
the limestone (approximately 33 to 43 degrees near Linhay Hill Quarry).
The tectonic history of the area, including faulting and folding, has resulted in fracturing (jointing)
of the limestone, as can be observed in the quarry where the joints have acted as preferential
zones of dissolution associated with karst.
Hydrological and Hydrogeological Overview
Hydrology and hydrogeology, including a conceptual hydrogeological model, are addressed in
detail in the Hydrogeological Impact Assessment 2018 and Chapter 12 of the Environmental
Statement. The following from the Hydrogeological Impact Assessment 2018 shows
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hydrogeological features including boreholes drilled for studies relating to this proposed
extension of Linhay Hill Quarry.
Figure 17-2

Hydrogeological features map

The main surface water features near to the quarry are the Rivers Ashburn and Lemon, the
Balland Stream and the Kester Brook.
The River Ashburn flows roughly north to south, passing through the town of Ashburton. It passes
closest to the Quarry at Cuddyford Cross (approximately 1 km west of the quarry), where the
river is at an elevation of around 95mOD.
The River Lemon is located to the northeast of the quarry, where it flows roughly northwest to
southeast. The river is closest to the quarry at approximately 2.3 km to the northeast of the
quarry, near to where the river passes under the A38 at Bickington.
The Kester Brook is a tributary of the River Lemon and is located to the southeast of the quarry
and the A38. The major input of the Kester Brook is the Goodstone Spring, which is located
approximately 1km east of the quarry. Goodstone Spring does not flow during periods of low
rainfall.
Several seasonal springs are present along the hill slopes to the north of the quarry. These
springs generally drain southwards into the Balland Stream, which flows within a blockwork
channel around the western part of the workshop and quarry yard areas and then towards the
south-west, roughly parallel to the A38, before joining the River Ashburn in Ashburton. Other
springs are located further to the northeast and drain onto the land around the hamlet of Caton,
though with some springs in Alston Wood being the source of a seasonal watercourse which
flows across Alston Farm towards the A38 where it flows into a small drainage valley north of
A38. The water then flows west and in high flows passes under the A38 via a small pipe culvert
to flow through Mead Cross Unconfirmed Wildlife Site and to the Kestor Brook. Surface water
flow from the catchment above Caton which flows down the road towards Caton now also flows
around the north of Caton Farm, whereas even current Ordnance Survey maps imply that
drainage continues to a swallow hole south east of the Caton Farm house and which is shown on
OS survey historical maps.
As stated in the Hydrogeological Impact Assessment 2018, the Chercombe Bridge Limestone
Formation lies within the catchments of the River Ashburn and the River Lemon. The South
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Devon Catchment Abstraction Management Strategy Environment Agency [12]) states that there
is ‘water available’ (surface water and groundwater) in the Ashburn catchment during the spring,
autumn and winter (Q30, Q50 and Q70) periods. In the summer (Q95), water is not available for
licencing in the Ashburn catchment. Water is available in the River Lemon catchment all year
round (Q30 to Q95) [12].
The Chercombe Bridge Limestone Formation is a buried karst aquifer with sediment-filled
sinkholes and swallow holes near the land surface, with underlying vertical conduits and a
conduit system developed at depth, possibly including caves. Groundwater flow in karst
limestone is controlled by a network of fractures and conduits, however the field observations
indicate that the fracture network in the CBLF has a low overall permeability. A network of open
fractures is not visible on the quarry face and during periods of low rainfall a seepage face across
the face of the pit walls has not been observed. Moreover, during drilling operations, drill cuttings
were dry for up to 50 m below the piezometric surface, when the first conduits were encountered
There are four main groundwater inflows to the quarry from the surrounding limestone. The main
inflow above the sump is from a conduit in the limestone within the northeast face of the quarry
pit, at an elevation of 85-86 m AOD to the ground surface at approximately 127 mAOD. The
conduit is referred to as the NE face conduit (labelled as S10 on Figure 17-2) and is a light brown
diagenetic calcite fracture feature, approximately 2 to 5 m in width. The conduit cross cuts the
bedding sub-vertically and the feature is believed to extend to the northeast. The main inflow is
located at an elevation of approximately 103 m AOD within the Level 3 face (approximately 97110), though 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 the winter, the inflow is sufficient to form a
steady stream of water. During dry periods, typically in the summer, the inflow reduces to a
trickle. This indicates that the inflow from the conduit is dependent on rainfall and that the storage
within the conduit system is low.
Smaller inflows to the quarry have been observed at two locations on the southeast face at
respective elevations of approximately 88 and 90 m AOD: one of which is a conduit spring flow
referred to as the SE face conduit (labelled as S13 on Figure 17-2), whereas the other is an area
seepage (labelled as S14 on Figure 17-2). There is often no flow from these features except after
winter rainfall. The fourth and main groundwater inflow to the quarry is via the sump which is now
in Level 8 and captures inflows at the base of the quarry.
Groundwater levels have been measured at eleven shallow boreholes at Alston Farm since
August 2016, and since October 2017 at two deep boreholes within limestone at the quarry (Q1
and Q2), three deep boreholes within the limestone at Alston Farm (NW2, SE1A and NE9), and
at a deep (NW1D) and a shallow borehole (NW1S) within the Tavy Formation in the north of
Alston Farm. Since January 2018 groundwater levels have also been monitored at a further four
boreholes (Q3, Q4, Q5 and A6) within the quarry located closer to its sump.
The highest groundwater levels occurred in January and March 2018 and the lowest in
September 2018, with seasonal variations in water levels differing notably between nearby
boreholes in the Chercombe Bridge Limestone Formation, and the boreholes in the Tavy
Formation showing much less of a decline in water levels during the dry summer of 2018. The
groundwater level data from borehole monitoring indicates quite variable groundwater levels with
rapid response to rainfall and declines thereafter. Groundwater levels fluctuate within the
superficial deposits at some of the shallow boreholes near Alston Cottage and the Alston Farm
buildings and towards Caton and have also risen above the rockhead level at the deep borehole
(NE9) near Caton. However observed groundwater levels are below the Caton steam near Caton
and are likely to be below the Samastar stream near the A38 off slip at the Goodstone Junction.
The response of the groundwater system to rainfall provides insights into the heterogeneity within
the limestone as well as the depths of likely flow paths as detailed in the Hydrogeological Impact
Assessment 2018, providing evidence of zones of shallow and deep conduits not well connected
hydraulically. Groundwater flow within the limestone is primarily controlled by a limited number of
conduits, with limited flow occurring within the matrix and accompanying network of fractures.
The majority of conduits lie within two zones: a shallow zone, which responds rapidly to rainfall;
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and a deep zone, which shows a more muted response to rainfall. The resulting conceptual
model of a two-zone flow system is shown in the following figure, and the data collected suggests
that these two zones are not well connected hydraulically.
Figure 17-3

Conceptual model of two-zone flow system

Historical dewatering of the quarry has not affected groundwater levels discernibly within the
Tavy Formation to the north and a deep borehole within this formation has been artesian
throughout most of the monitoring period. The majority of inflows to the quarry are from the deep
zone of the limestone and the data suggest a relatively diffuse capture zone to the east.
Since 2016 the quarry sump has been lowered from Level 6 (around 68mOD) into Level 8 i.e.
below around 41mOD, whereas the level of the Balland Stream as it exits the west of the quarry
is around 95mOD, as is the Kestor Brook just east of the Goodstone Spring area. The Alston
Farm land into which it is proposed the quarry will extend east is at 120-140mOD where
groundwater is present at levels above 95mOD. Within the area around the quarry there is a
network of surface water drainage channels which normally convey the watercourses or runoff
which flows to that drainage. There is some positive highway drainage, collecting runoff via
gullies and conveying watercourses under junctions, such as in Alston Lane and at Mead Cross,
however there is no public (e.g. SWW) positive drainage system. Hence for example the hamlet
of Caton does not have a public (SWW) positive drainage system, therefore surface water drains
locally via infiltration to the limestone or by runoff e.g. to the highway or drainage therein. For
example historical base plans to the 1964/1965 A38 Linhay Hill to Caton Cross Improvement
Contract Drawings show a pond in the land west Caton Farm and north of the now derelict farm
buildings on west side of the Caton Hill road.
The A38 has a positive pipe drainage system for the carriageway as shown by Highways
England drawings for the A38 Linhay Hill to Caton Cross Improvement Contract and A38
Drumbridges to Caton Cross Diversion, and also ditches along some sections either side of the
road. Infiltration to the superficial deposits and limestone will occur along those as well as via the
central reservation of the A38 between Ashburton and Bickington.
Potential Sources of Land Instability
Subsidence which may lead to damage to buildings or property or risk to humans can have a
variety of causes including shrinkage of clay soils, escape of water causing a loss of soil, poor
natural ground or fill or the presence of organic material, or mining and solution features. The
engineering geology desk study identified the latter two. i.e. existing mining and solution features
as causes of potential relevance to the proposals for Linhay Hill Quarry.
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Historical Mine Workings
The nearest historical mine workings to the quarry are four entrances to mine adits located within
700m to the north and northwest of Alston Farm, and which appear to extend into the hills to the
northwest of the limestone outcrop (i.e. away from properties to the south). The adit nearest to
properties, Adit 4, is approximately 60 m north of properties at Waye. Mine adits cause
groundwater to flow towards them, which can then discharge at the ground surface from the
entrances, which occurs at Adits 1, 2 and 3, which are at a similar elevation to the natural spring
line in the hillside. Adit 4, however, is at a higher elevation and water discharge has not been
observed from its entrance.
A review of historical mining records indicates that underground mining for tin, copper and
arsenic was carried out at Owlacombe and Stormsdown on the north side of Ashburton Down,
approximately 1 km north-east of the site. Deposits of umber were worked approximately 1 km to
the south-west of the existing quarry during the 19th and early 20th Centuries.
There is no record of underground mining within the extension area or elsewhere in the
Chercombe Bridge Limestone Formation.
Cavities
The size, shape, depth and infilling of cavities in karstic limestone are difficult to predict in detail
but are known to exist in the Chercombe Bridge Limestone Formation, such as the caves at
Pridhamsleigh and Buckfastleigh as referred to earlier. A cavity (i.e. cave) was encountered
during the construction of the A38 Dual Carriageway to the south of Linhay Hill Quarry in the
early 1970s. The cave opening was identified within the road cutting following a collapse at
foundation level during construction (Malkin & Wood, [13]). Atkins understands the cave was
infilled with concrete as part of the construction works.
More recently the BGS has produced a report [14] following its visit to subsidence which occurred
in 2014 in an existing sinkhole adjacent to the A38 off slip road, east of Caton. The BGS report of
a responsive visit, published on its website in 2016, includes a map (which is replicated in the
engineering geology desk study LSRA 2018 Appendix A) showing the locations of five ‘cavity
entry points’ (south west to north east):


Adjacent to the A38, south of the quarry, which relates to the cavity encountered during
construction of the A38.



In a bench in the southeast face of the quarry; a bridge has been built across this cavity
entry point to maintain access along the quarry bench.



Adjacent the A38 off slip road east of Caton.



Lemonford Cave, which is in a small disused quarry in a copse at Higher Lemonford,
Bickington. Lemonford Stream originates from the east of the quarry. Oldham et al. [15],
record “two short tunnels excavated by Walter Chesseman (sic) who found remains of woolly
rhinoceros”. The total cave length is given as 20 feet (approximately 6m).



Bickington Pot is recorded by Oldham et al. [15]) as being 400 feet long (approximately
120m), with a vertical range of 120 feet (approximately 37m). It is located in the south-east
corner of the disused Bickington Barton Quarry, which is north east of the River Lemon.
Oldham et al. [15] state that the first recorded exploration was in 1942. The quarry was used
as a local authority tip and the cavity entry point area has been filled but has a protected
entrance by way of an extended manhole, with an original aim of also providing an access
point for bats.

In addition filled or partially filled karst features are occasionally exposed or encountered within
the quarry which would originally have been ‘cavities’.
Sinkholes
Atkins undertook a systematic study of sinkholes in the LSRA 2018, involving walkover surveys in
December 2016 and August 2017, and regular monitoring visits, ground investigations mainly in
August 2017, plus examination of historical aerial photographs obtained from Historic England.
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The locations of sinkholes mapped by Atkins with their assigned confidence levels are shown the
LSRA 2018 Appendix D and listed in the LSRA 2018 Appendix E, high confidence being
locations visited, medium confidence being locations visited or observed but inconclusive
evidence found, with low confidence being features identified from remote sensing only. The
sinkholes have been classified according to a project specific classification based on surface
morphology, meaning it can be applied readily through visual inspection of a sinkhole or
suspected sinkhole, aided by knowledge of surface water management.
The three project-specific classes of sinkhole are described below (see also Figure 17-4):


Class A
Large bowl-shaped depressions. Probably developing gradually over many years and hence
Class A sinkholes are likely to be long term features of the landscape.
This class may be an example of Waltham’s [16] Type 4 sinkhole i.e. a ‘buried sinkhole’ for which
he describes the morphology as “Surface feature a past environment, which is now filled with
weak or soils or loose debris. Typically less than 100m wide and 20m deep”.
The A38 off slip road sinkhole east of Caton, which Highways England advised was present
when the off slip was constructed, is an example of this type of sinkhole, into which a Class C
sinkhole developed in March 2014. The likely trigger for the Class C sinkhole at the Caton off slip
road was excess surface water, resulting in a concentration of surface water within the
depression and the ditch adjacent to the slip road.



Class B
Small steep-sided depressions, with no evidence of influence from surface water flow or
infiltration. Generally observed locally to be 0.5 to 3m in diameter. Probably developing rapidly.
May form within a Class A sinkhole.
This class may be an example Waltham’s [16] Type 1a sinkhole i.e. ‘a dropout sinkhole’ for which
he describes the morphology as “In the soil profile. Collapse of soil arch in cohesive soil over
void. Instant failure, then widens as sides degrade. Typically less than 40m wide and 20m deep
and limited by soil depth”. However local depressions observed are only a few tens of
centimetres deep.
The few Class B sinkholes that have been mapped in the Land Stability Study Area probably
formed as Class C sinkholes historically under different hydrological or hydrogeological
conditions, but at the time of Atkins’ inspections there was no evidence to suggest recent water
inflow, despite inspections having been carried out during winter. Nevertheless it is possible
these depressions might be wet seasonally or after heavy rain due to poor drainage relative to
the rate of infiltration, or conversely dry depressions could have good drainage which might also
indicate subsurface activity.



Class C
Small steep-sided depressions, generally 0.5 to 3m in diameter, which probably develop fairly
rapidly. May form within a Class A sinkhole. Formed only in association with surface water flow,
e.g. at field boundary ditches, streams, or where surface water is poorly controlled i.e. a route of
excess overland flow or where ponding commonly occurs, especially during heavy rainfall events.
This class may also be an example Waltham’s [16] Type 1a sinkhole. Waltham [16] states
“Subsidence sinkholes that are formed by removal of soil cover, without any rock failure, account
for almost all new sinkhole events. Locations are virtually unpredictable, except that nearly all are
induced by changes in drainage patterns. Caused by water washing soil down into the bedrock
cavities, so engineering response is to control the drainage”.
The majority of the sinkholes in the Land Stability Study Area that are not Class A sinkholes are
believed to be originally associated with surface water flow, though water may not have been
apparent during the site inspections.
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Figure 17-4 Schematic cross sections showing conceptual models for the project-specific sinkhole
classification developed by Atkins following the field walkovers.

Atkins’ mapping and consideration of the factors affecting sinkhole occurrence helps to
understand the susceptibility of an area to sinkhole formation. However, there is no certainty that
it has statistical value for future prediction because it would implicitly assume that the occurrence
of subsidence in the future will have a behaviour similar to that in the past. That could only be the
case if nothing changed, whereas even in the absence of the extension proposals, there is likely
to be climate change causing longer drier periods and more intense rainfall events resulting in
changes to natural drainage.
Factors Which May Affect the Local Occurrence of Sinkholes
Water is the most important factor in the development of sinkholes because as it seeps
downward through soil overburden or as the water level fluctuates in the formations soil can be
eroded into solution enlarged features in the underlying bedrock either from the surface down
(suffusion) or from the bedrock level up. Where surface water and groundwater are in equilibrium
that process may take a long time but is often accelerated by changes to drainage.
The LSRA 2018 considered a number of factors, which when combined with different
characteristics of surface and groundwater can affect the local occurrence of sinkholes. In
addition to the bedrock lithology i.e. the characteristics of the soluble rock, these are:
Thickness of cover of superficial deposits. This factor was also considered in the Land Stability
Risk Assessment 2016 [4] utilising information from the ground investigation of the overburden soils
for the design of the quarry extension and overburden bunds, and from geophysical survey. It
interpreted that broad and local variations in the depth to rockhead across the limestone occurs, with
generally greater thickness of superficial deposits at for example Alston Farm than at Caton Farm,
though still with considerable potential for local variations. Subsequent ground investigation data
confirms that general interpretation and provides more data at specific locations, such as the
thickness of the superficial deposits close to the Alston Farm buildings and Alston Cottage.
The permeability of the superficial deposit. Investigations of the overburden for the quarry design
and overburden bunds and monitoring boreholes, indicate the superficial deposits to be mainly clay
with gravel or cobbles of limestone. Atkins’ observations during a variety of storm event weather
conditions suggest the superficial deposits in the extension area are moderately permeable rather
than low or highly permeable.
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The local topography. Flat or gently sloping areas have a higher risk of sinkholes than steeper
terrains where slope processes tend to erode karst features rather than enhance them. Generally the
terrain over the whole of the Chercombe Bridge Limestone Formation is gently rather than steeply
sloping suggesting the influence of slope on the formation of karst features may have been and is
now similar over the whole outcrop.
The relationship between the soluble rock and adjacent less permeable or impermeable
strata. The greatest concentrations of surface karst features are commonly associated with margins
between an impermeable and soluble lithologies, where runoff is directed onto the soluble rocks. The
Tavy Formation to the north and Foxley Tuff Formation to the south of the Chercombe Bridge
Limestone Formation are both less permeable strata from which run off combined with flow springs
north and south of the limestone are likely to be sources of allogenic recharge. Hence an increase in
karst features could be expected along the north and south boundary areas of the Chercombe Bridge
Limestone Formation. That increased likelihood of karst features may manifest in greater occurrence
of sinkholes and the results of the walkover surveys (Figure A-1 in LSRA 2018 Appendix D) suggest
some evidence for that in the northern Alston Farm fields east of Alston Lane, though in comparison
much less so along the limestone’s southern boundary.
Where non-karstic rocks overlie a soluble lithology. Karst features such as sinkholes, stream
sinks and dissolution pipes are particularly common where the cover strata thin to a feather edge at
the contact with the underlying soluble strata. That stratigraphic sequence exists along the southern
boundary of the Chercombe Bridge Limestone Formation where the Foxley Tuff Formation has been
thrust over the limestone, so there could be a greater risk of karst features along the limestone’s
southern boundary, though from the walkover survey and monitoring observations that does not
seem to have manifested to an apparent high occurrence of sinkholes.

Future Baseline
The future baseline is defined as changes to the baseline which would occur if the proposed
quarry extension and deepening did not take place – the Do Nothing Scenario.
In the Do Nothing Scenario, rock extraction at Linhay Hill Quarry will cease when the reserves
are exhausted or no longer viable to extract and restoration will proceed as per a scheme to be
agreed with the DNPA under the terms of conditions on the existing planning permission(s). The
scheme is expected to entail ceasing the pumping of water so that the void will fill with water from
rainfall and groundwater, with restoration to open water. The water level in the void will recover
until inflow equates to groundwater outflows, and it is expected groundwater movement will follow
flow paths below the lake level similar to those prior to dewatering of the quarry. Inflows to the
quarry are likely to be substantially reduced following restoration, leading to a much lower
likelihood of effects to the nearby groundwater and surface system. There would be controlled
discharge from the lake to the Balland Stream for flood risk management.
Were the quarry deepening or extension not to go ahead, it is expected that the existing land
stability situation for the surrounding area will still change over the next 70 years and beyond
because of the nature of buried karst limestone generally and the way that sinkhole development
is affected by natural factors such as extreme rainfall events or prolonged wet weather, as well as
the pre-existing factors that may affect the local occurrence of sinkholes, and also by human
activities, such as changes to drainage.
In general, surface water will normally be expected to flow toward, and eventually drain into
streams, rivers, and lakes. Waltham [16] states that “Almost any means by which a new or
increased flow of water can pass through a soil cover into underlying fissured limestone, and
thereby carry away soil, is likely to form a subsidence sinkhole”.
Consequently where water flow over the ground surface above the Chercombe Bridge Limestone
Formation becomes concentrated or diverted either due to natural events or human intervention,
that change in infiltration of surface water to the limestone will affect the subsurface flow pathway
and could alter the likelihood and hence risk of subsidence sinkholes in those areas. The future
frequency and spatial occurrence of sinkholes cannot be easily predicted outside of the quarry
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and proposed extension because it will be closely dependent on human activity and management
of surface water outside of the land managed by the quarry, though as for the existing situation
the highest risk will be along changed drainage routes, and subsidence is most likely to occur
after severe rainfall.

Potential Land Instability Hazard Sources associated with the
proposals
The following provides an assessment of the potential land instability causes in relation to the
quarry extension proposals and the hazard sources.
The distance of the historical mines from the quarry and proposed extension and the absence of
mine workings in the Chercombe Bridge Limestone Formation suggest that the proposed
expansion of the quarry would have no impact on the current hazards from historical mining.
The concern is the potential for ground subsidence by the formation or activation of sinkholes due
to the buried karst character of the Chercombe Bridge Limestone for which a risk may arise from
the quarry’s operational dewatering, and also from construction activities requiring changes to the
existing surface water drainage or loading to the ground. Those concerns are considered in the
following subsections.
Quarry Operational Dewatering
In mature (kIII) karst, the first few years of dewatering could be expected to lead to an increased
occurrence of dropout sinkholes i.e. Atkins’ Class B or C, or Waltham’s [16] Type 1a, if the
lowering of groundwater increases flow of water from soil overburden into rockhead, or the
interception of conduits by the excavation activates groundwater flow which causes erosion
removing infilled material from the conduits. Where such karst is buried beneath superficial
deposits, as is the case for the Chercombe Bridge Limestone Formation, a greater period of time
may be expected to pass for material to be removed from infilled conduits by erosion and
collapse than if the karst were not filled with sediment.
Also in areas where groundwater is usually above the overburden to limestone contact, sinkholes
may occur when the groundwater level drops below the rockhead such as during a dry period or
due to dewatering, which causes a loss of buoyant support of overburden arches over openings
in the limestone. The groundwater level data from borehole monitoring indicates quite variable
groundwater levels with rapid response to rainfall and declines thereafter and that levels at some
locations fluctuate within the overburden, including at some of the shallow boreholes near Alston
Cottage and the Alston Farm buildings and towards Caton and at a deep borehole near Caton.
The length of time over which Linhay Hill Quarry has been operating, and period over which
groundwater has been extracted from the Chercombe Bridge Limestone, is such that the level of
groundwater storage within the shallow karst system adjacent to the quarry has reached a
dynamic equilibrium. This means that, notwithstanding seasonal variations in groundwater levels,
additional drainage of the shallow karst system would be matched by inflows from near-surface
recharge. This is supported by the results of groundwater monitoring and testing presented in the
Hydrogeological Impact Assessment 2018 (Reg 22 Response#3 Appendix 12B) which concluded
that the majority of conduits lie within two zones: a shallow zone, which responds rapidly to
rainfall; and a deep zone, which shows a more muted response to rainfall. The data suggest that
these two zones are not well connected hydraulically, and that the majority of inflows to the
quarry are from the deep zone of the limestone and the data suggest a relatively diffuse capture
zone to the east.
In general terms the implications of the conceptual hydrogeological model for land instability are
that because the shallow and deeper conduits zones are not well connected hydraulically the
deep dewatering, which accounts for the majority of the inflow to the quarry, is less likely to be a
direct, rapid or primary cause of subsidence. Consequently there may be a more extended period
of time for material to be removed from infilled conduits due to the dewatering of deep
groundwater, compared to shallow groundwater dewatering for which the effects are likely to be
proximal to the quarry.
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The location and exact geometry of the karst conduit system whether deep or shallow will always
be largely unknown, but based on the available groundwater data and site observations the
extent of potential effects due to shallow dewatering is likely to be relatively limited, with
sinkholes likely to be more due to an excess rather than a deficit of surface water. Furthermore
around the proposed extension there are areas and lines of surface water infiltration recharge to
the overburden and so to the limestone. Those are the springs and the headwaters of the Balland
Stream north of the new access road to Alston Farm, and the Alston stream which flows north to
south on the east side of the proposed quarry extended void and then south west in a valley
between the farm fields and A38. Further east there is the north to south flowing stream to Caton
and north around Caton Farm. Hence away from those lines of recharge it will be more likely that
ground subsidence, if it occurs in the future, would be due to ongoing natural processes such as
fluctuations in surface water flows, recharge and groundwater levels, rather than shallow
dewatering by the quarry.
It is acknowledged that interpretation is a generalisation and there could be localised areas with a
higher density of buried karst features and so greater potential for subsidence due to sinkhole
occurrence, but as highlighted throughout the literature the trigger for sinkhole subsidence is
primarily surface water.
Changes to Surface Water Management
The proposed extension to Linhay Hill Quarry and associated infrastructure works will result in
some modifications to the existing surface water drainage, and there will be new surface water
drainage provided to convey runoff and increase attenuation storage and to prevent runoff offsite. Those changes are shown in the Planning Application drawings (LINHAY-ATK-S0-Z-PL-001,
S1-Z-PL-1000, S2-Z-PL-2000, S3-Z-PL-3000, S4-PL-4000, S5-Z-PL-5000, S6-Z-PL-6000) and
detailed in the Flood Risk Assessment [3] and Hydrogeological Impact Assessments [2] [1].
As Waltham [16] states: “without built drains to carry the runoff away or directly to bedrock, any
concentration of drainage input to the soil within a karst terrain becomes a potential site for a new
sinkhole”. Hence the development drainage proposals are summarised in the following table with
a consideration of the potential implications in relation to the Chercombe Bridge Limestone
Formation. The drainage areas and details are as per those considered in the Flood Risk
Assessment [3].
Table 17-2 Proposed works and implications for the Chercombe Bridge Limestone Formation
Proposed works
and FRA drainage
area

Drainage Works

Implications for the Chercombe Bridge
Limestone Formation and Drainage
Details for Construction

Balland Lane
Widening

Overall the widening will increase
surface water runoff along Balland
Lane into the Balland Stream, but that
increase will be mitigated by upstream
catchment attenuation and additionally
by storage and diversion of peak flows
to the quarry.

Although the Balland Stream downstream of
Balland Lane lies on the limestone there are
no implications because there will be no
increase in flow due to the Balland Lane
Widening.
The widening will have positive drainage,
and ground investigation for construction
design would be carried out pre-construction.
Balland Lane is maintained by Devon County
Council hence design and construction of the
widening will meet its standards.

Waye Lane Public
Road and Footpath
Diversion

Surface water runoff will run along
either side of the new impervious
tarmac road surface and flow down
the slope of the new road constrained
mainly by the hedge banks, with
positive drainage to three attenuation
storage areas, which will be at Waye
Pond, east of Brownswell and east of
Place Wood.

For the majority of the Waye Lane Public
Road and Footpath Diversion east of
chainage 200 (approximately) there are no
implications because the works do not lie on
the limestone.
For the 0.16ha (200m) at the western end
which can runoff directly to Balland Lane and
so to the Balland Stream which lies on the
limestone there will be no increase in flow
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Proposed works
and FRA drainage
area

Drainage Works

At its western end there will 0.160
hectares of new Waye Lane
impermeable tarmac surface which
has the potential to increase surface
water runoff directly to Balland Lane
and the Balland Stream, so that
potential increase will be mitigated by
the upstream catchment attenuation
storage and diversion of peak flow to
the quarry.

Implications for the Chercombe Bridge
Limestone Formation and Drainage
Details for Construction
because of the upstream catchment
attenuation.
The new road will have positive drainage,
and ground investigation for construction
design would be carried out pre-construction,
with the road adopted by Devon County
Council.

Alston Farm and
The initial 70m will drain to the existing
Alston Cottage New Alston Lane and so to the quarry via
Access Route
existing drainage. Chainage 90 to 300
will drain positively to the drainage for
Waye Lane. Runoff from the
remainder i.e. to chainage 643, will
flow to existing drainage at Alston
Farm until Stage 4 when it will drain to
the extended quarry.

The new access route will be underlain by
superficial deposits which from about
chainage 350 are underlain by the limestone.
Uncontrolled runoff from chainage 300 to
643 could cause infiltration through the
superficial deposits to the limestone bedrock
so to avoid concentrated infiltration forming
new subsurface pathways positive drainage
will provide conveyance to existing drainage
routes.
The positive drainage will be achieved by
dished channel(s) at the edge of the access
route, or French drains at suitable gradients
or lined, or road gullies and underground
pipe, and the design and construction will
reflect the ground conditions to be verified by
ground investigation pre-construction, and
for the lifecycle design and maintenance
objectives of the landowner (E&JW
Glendinning Ltd.).

Stage 1 – 5 Quarry
Extension and
Operation

Presently surface water runoff either
infiltrates while it flows over the Alston
Farm’s fields or to a ditch parallel to the A38
with is within a vegetated valley on the north
side of the A38 embankment north east of
Alston Lane.
That will continue because existing flow
routes will be mainly utilised. There will be
some localised new drainage within a few
metres of the northern perimeter of the
extended quarry where water could infiltrate
to the limestone, but it is envisaged the
subsurface pathway would be more likely to
be towards the extended quarry due to its
proximity than away from the extended
quarry.
Should a potential for localised or
concentrated infiltration be observed to be
likely to cause erosion or subsidence that
drainage will be modified e.g. the route
adjusted or lined.

Direct surface water runoff into the
quarry from the surrounding land of
the Alston Farm fields will be
prevented by the quarry’s edge
protection safety banks around the
quarry’s surface extent.
Where necessary new drainage
ditches will be formed to convey runoff
around the extended quarry, though
with a preference to utilise the existing
flow routes, such as along field or
hedge boundaries, with check dams in
order to reduce the rate of runoff and
suspended solids therein.
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Proposed works
and FRA drainage
area

Drainage Works

Implications for the Chercombe Bridge
Limestone Formation and Drainage
Details for Construction

Overburden Bund
Formation and
Restoration

New drainage ditches will be formed
around the bunds to intercept surface
water runoff and divert an existing
spring fed seasonal minor
watercourse which crosses the Alston
Farm fields.
For structural stability the bunds will
have basal drainage and internal
drainage most likely in the form of
herringbone gravel drains, and the
formation of the bunds will be
regulated under a Mining Waste
Permit to comply with the Mining
Waste Directive 2006/21/EC (as
transposed to UK legislation).

Infiltration to the limestone could occur below
the bunds plan area and along new linear
drainage routes, though for the bund plan
area it is envisaged the infiltration will be
mainly planar and diffuse similar to the
present situation rather than concentrated.
The bunds’ extent is mainly to the perimeter
of the Alston Farm fields where runoff flows
to at present and mainly hedge lines exist.
New linear positive drainage routes around
the bunds will be formed as grassed
channels over a low permeability membrane
to prevent the concentrated infiltration of
storm water to the shallow sub-surface.
Suspended solids settlement areas will be
lined.

Stage 6 Quarry
Restoration
Completed

Perimeter drainage formed around the
extended quarry and bunds will
remain, and as is the case for the
existing quarry, once rock extraction
ceases and pumping of water from
extraction void is stopped, that void
will begin to fill with water from rainfall
and groundwater.

As above plus inflows to the quarry are likely
to be substantially reduced following
restoration, leading to a much lower
likelihood of effects to the nearby
groundwater and surface system, with a
controlled discharge from the lake to the
Balland Stream, with a lake level of around
96mOD or slightly above and with storage
and the discharge subject to flood risk
management controls.

Regarding potential localised changes to drainage for the proposed development it can be
recognised that along with extension of the quarry since 1970 to its current extraction area, other
local development has occurred and coexisted, including new buildings and associated drainage,
and most notably construction of the A38 dual carriageway since the mid 1960s. That major road
will have resulted in extensive change to the natural drainage with interception of existing routes
and the installation of new highway drainage and will have caused increased ground loading
where the road is on embankment (Alston to Goodstone). But overall since construction of that
road and for the land surrounding Linhay Hill Quarry over the last forty years there are few
published accounts of land instability concerns.
Ground Loading
Increasing the load on the ground could cause a collapse when the ground with a cavity cannot
support the load. The formation of the overburden bunds will increase the ground loading though
the imposed load to the limestone rockhead will depend on the thickness of the superficial
deposits and groundwater therein if present. The overburden bund stability report (Environmental
Statement Appendix 3E) states “Construction of the tips on these soils is unlikely to result in
deep-seated rotational failure of the tip foundation or basal sliding, provided that all topsoil and
any soft or wet soils are removed from the foundation area prior to the start of tip construction”
but does not consider collapse of the limestone.
Collapse of the limestone would be a ‘collapse sinkhole’ i.e. a Waltham [16] Type 2a sinkhole, but
Waltham notes “Collapse sinkholes that are formed by natural rock failure of the limestone or a
caprock are extremely rare”. Waltham’s [16] Table 4 indicates a stable thickness of rock cover of
3m for strong limestone (kI to kIII) with an imposed load of 2000kPa and cave width of 5m. In
comparison the load implied by the overburden bunds will be much less e.g. 15m height would be
approximately 250-350kPa load, and collapse of limestone has not occurred at the quarry and it
is not known to have caused subsidence elsewhere over the Chercombe Bridge Limestone
Formation, such as along the A38.
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Mitigation Measures
Several available land stability mitigation measures have been considered and can be
implemented for the proposed deepening and extension of the quarry in the knowledge that in
line with the conclusion of Waltham [16]) “controlling the drainage on construction projects is
usually the most cost-effective means of minimizing the karst geohazard”.
These measures are: drainage control, monitoring, the Karst Management Plan and sinkhole
repair. Each of these measures is described below.
Drainage Control
Control of surface water (drainage) is the most cost-effective means of reducing the sinkhole risk
(Waltham [16]). In a buried karst setting, water infiltration from the surface into the karst system is
particularly detrimental to land stability. Waltham & Fookes [17]) state that “Drainage control is
essential in areas of soil cover on karstic limestones; by appropriate reaction to proper
investigation, the hazards of collapsing sinkholes is largely avoidable”.
Class C sinkholes are defined as forming only in association with surface water flow, e.g. at field
boundary ditches, streams, or where surface water is poorly controlled i.e. excess flows over or
ponds in locations which are not part of the positive normal, especially during heavy rainfall.
As part of the proposed mitigation measures, the quarry extension proposals maintain the natural
surface drainage pattern as much as possible to avoid disrupting the natural subsurface ﬂow.
Positive drainage measures will be utilised rather than concentrated infiltration drainage to
manage surface water over land underlain by the limestone i.e. beyond the perimeter access
around the quarry as from that area water may runoff or infiltrate direct to the quarry. The aim of
the positive drainage measures will be to prevent locally concentrating infiltration to the shallow
subsurface which could result in additional pathways for shallow groundwater flow which in time
could lead to ground instability effects.
New drainage routes around the overburden bunds will be formed as grassed channels over a
low permeability membrane to prevent the concentrated infiltration of storm event surface water
runoff to the shallow sub-surface along those new linear drainage routes. The membrane would
be at a depth sufficient to retain water to maintain grass growth and to ensure the long term
integrity of the channels thereby minimising maintenance. Settlement ponds to be used during
construction of the bunds will also have a low permeability liner for the same reason.
Similarly the watercourse which flows across Alston Farm, referred to as the Alston stream,
which requires diversion around the north west corner of the overburden bunds will also be lined
for its diversion either within a ditch or by use of pipe drainage.
Following restoration of the existing or extended quarry, it is envisaged the water level in the
quarry would have a direct discharge route to the Balland Stream, with that outflow level and rate
controlled to provide flood risk attenuation to Ashburton. The Hydrogeological Impact
Assessment 2018 indicates that for the envisaged control elevation of 96-97mOD with storage
above that level, the water level in the post-restoration void will be close to, or slightly exceed,
late summer groundwater levels at the southern end of the proposed extension area, although it
is below groundwater levels at the end of the winter recharge season. It is also substantially
above the base of the NE face and SE face conduits. As such, inflows to the quarry are likely to
be substantially reduced following restoration, leading to a much lower likelihood of effects to the
nearby groundwater and surface system and a return to a natural system in dynamic equilibrium.
The likelihood of sinkholes will then be more a function of climate change e.g. severe rainfall, or
future changes to local drainage in the land surrounding the restored quarry.
Monitoring
Monitoring before, during and after the deepening and extension of the quarry provides a means
of enhancing the hydrogeological conceptual model and the early identification of unexpected
changes or effects on drainage, watercourses and potential sinkhole development. For
developing sinkholes there are often warning signs such as fence posts or trees which tilt, new
dips, depressions or cracks in the ground or new areas of ponding of rain, and in structures there
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may be visible damage resulting from structural distortion, such as new cracks in floors, walls or
tiles or around doors or window frames. To assist in gauging damage severity BRE Digest 251
‘Assessment of damage in low-rise buildings with particular reference to progressive foundation
movement’ [18] outlines three broad categories: ‘aesthetic’ which affects only the appearance of
a property; ‘serviceability’ which includes cracking and distortion which impair weathertightness
or other functions, and ‘stability’ where there is an unacceptable risk that some part of a structure
will collapse unless preventative action is taken.
Monitoring of surface water flows, inflows to the quarry and sinkhole occurrence or other changes
to the surrounding land and observed effects such as due to new development or alterations to
hedges/woodland which could affect the hydrological system, will also ensure continued
improvement of the understanding of the relationship between groundwater and sinkhole
formation within the Land Stability Study Area and further reduce residual uncertainty.
Hence land stability monitoring in addition to the monitoring proposed by the Hydrogeological
Impact Assessment 2018 is recommended as part of the Karst Management Plan comprising five
sets of information gathering, as follows:
1. Liaison with local landowners, tenants and occupiers of surrounding agricultural and
developed land, for example via a Liaison Group, so that potential evidence of subsidence
can be reported, inspected and documented, with sinkholes where identified classified as
they form, prior to remediation.
2. Regular field walkovers, observation or survey of accessible land, and in particular
watercourses, underlain by the Chercombe Bridge Limestone Formation from Ashburton to
Bickington, by engineering geomorphologists / geologists. The frequency of inspection will
depend in part on the information gained from local liaison, the programme of quarry
development works and observations from other monitoring, though a possible frequency
could be twice yearly, March to April at the end of winter before seasonal watercourses
cease to flow, and September to November when seasonal watercourses are flowing again.
Field observations and Atkins’ three-fold project-specific classification of sinkholes can form
the initial basis of the monitoring for indications of subsidence and sinkhole activity and
inventory of karst features and sinkhole occurrence on land near to the quarry, with
refinement and updating of the map presented in LSRA 2018 Appendix D.
3. As a further precautionary measure, non-intrusive condition survey of Alston Farm and
Alston Cottage and properties in the hamlet of Caton to provide a record of their baseline
structural condition. The surveys could be repeated on a suitable timescale as part of the
Karst Management Plan (see below).
4. Ongoing monitoring of relevant groundwater inflows to the quarry during excavation.
Changes in the groundwater inflow regime to the quarry may be an indicator of the activation
of conduit flow (refer to Hydrogeological Impact Assessment 2018 [1] for details of proposed
hydrological monitoring).
5. Ongoing monitoring of surface water flows, water quality and groundwater to enhance the
hydrological and hydrogeological conceptual model and improve the understanding of likely
groundwater flow pathways between the quarry and surface water, springs and sinkholes.
Monitoring will need to continue at least until restoration is complete (refer to
Hydrogeological Impact Assessment 2018 [1] for details of proposed monitoring).

Karst Management Plan
The quarry extension has a long timescale with several stages, which provides opportunities to
review the hydrological and hydrogeological conceptual model and understanding of land stability
risk and the effectiveness of monitoring and mitigation, and the design and trigger levels for
mitigation before subsequent stages progress.
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The details would be reported in a Karst Management Plan. which would require ongoing
reporting and periodic reviews in response to a quarry monitoring and reporting condition as used
in limestone quarries elsewhere. The Karst Management Plan could incorporate the monitoring
envisaged in the HIA and reflects the close relationship between hydrological understanding and
land stability risk assessment.
This approach means that those potential land stability impacts associated with karst which
cannot be closed at the time of the decision on the planning application can be monitored and
proactively managed. The interim results of ongoing monitoring, together with other mitigation
measures if required, may be reviewed at defined stages of the proposed quarry extension as set
out in the Karst Management Plan.
That approach is broadly equivalent to the Review of Old Mineral Permissions (ROMP)
procedure for the periodic review of mineral planning permissions contained in the Environment
Act, 1995 [19], but provides the DNPA (as Mineral Planning Authority) with a means to reduce
the 15 year interval between Periodic Reviews.
This approach mirrors that being taken at numerous limestone quarries elsewhere in the UK,
including by Plymouth City Council as Mineral Planning Authority for Moorcroft Quarry. The
approach is incorporated into the pre-submission version of the Plymouth and South West Devon
Joint Local Plan3, in Policy PLY55 ‘Hazeldene Quarry Minerals Safeguarding Area and buffer
zone’, an extract of which is shown below:
“5. An appropriate method of monitoring and review of the development’s long term
environmental impacts, which may otherwise be unforeseeable. This will be achieved either
through only consenting development proposals for individual phases, the impacts of which are
more reasonable to predict, or through a scheme of phasing and environmental review periods
to monitor and manage potential environmental impacts which cannot be predicted at the time
of granting consent”.
Sinkhole Repair
Currently, Class B or Class C sinkholes that develop on agricultural land are anecdotally
understood to be filled in by the landowner, tenant or occupier. That process may not be well
planned or well controlled and so in time subsidence could reoccur.
The remediation of sinkholes should preferably be planned, controlled and documented and be
implemented early if one is detected to be developing e.g. by the monitoring. Investigation by
appropriately experienced engineering geologists and geomorphologists is recommended before
a sinkhole is infilled. Once a sinkhole has been inspected, an appropriate remediation strategy
should preferably then be agreed and implemented. It may be suitable to simply infill a sinkhole
which is very small and stable in agricultural or open land, whereas sinkholes near a more
sensitive receptor may need remediation towards that shown in Figure 17-5, with potential
subsidence effects on structures likely to also require inspection by a structural engineer to
determine the need for more detailed monitoring or repair of the structure. Remediation as shown
in Figure 17-5 is unlikely to be necessary in each instance. Instead, the approach to repairing a
sinkhole should be assessed on a case by case basis and will need the permission and
cooperation of the landowner where that is possible.

3

https://plymswdevonplan.co.uk/about
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Figure 17-5 Idealised schematic of a sinkhole repair, preventing soil from entering the bedrock
fissure, whilst allowing drainage without the diversion of water (Waltham [20])

Assessment of Land Instability Significance
Approach
The site specific risk assessment in the LSRA 2018 has applied the general strategy outlined by
Benson et al [21] whereby site specific data from desk study and investigation has been obtained
to identify and understand the main geological, hydrological and hydrogeological, and
anthropogenic factors that may lead to surface subsidence or collapse associated with the karstic
character of the Chercombe Bridge Limestone and the effects of the quarry extension and
deepening proposals. That data has been assimilated and interpreted to assign a risk level as
defined in the LSRA 2018 and replicated herein for specific receptors and areas. That has
necessarily required professional judgement which is supported by evaluation of the available
information presented.
There is however a difference between the assessment of risk, as required in a Risk
Assessment, and the assessment of significance, as required in an Environmental Statement.
This difference was considered in an article in the IEMA library4 entitled ‘Risk V Significance’. At
the same time, the EIA process itself also incorporates consideration of likelihood, because the
requirement for EIA applies to projects which are likely to have significant effects on the
environment.
Therefore, whilst this ES uses a similar definition for receptor sensitivity as the LSRA 2018, the
definitions of magnitude have been derived from the resulting risk level in the LSRA 2018 and
aligned with the range of levels set out in DMRB Volume 11 Section 2 Part 5 HA 205/08 92008)
table 2.3. The level of significance has then been derived from a combination of receptor
sensitivity and magnitude using DMRB Volume 11 Table 2.4 and supporting DMRB text.
Potential Receptors and Overall Risk Levels
The development of new sinkholes in response to the proposed quarry development may pose a
risk to the following types of receptors in order of increasing vulnerability for which relative terms
have been assigned as indicated in the following table, equivalent to receptor value or
importance in classic EIA methodology.
Table 17-3

Receptor Sensitivity

Receptor / Land Use

Relative Importance / Sensitivity

Existing quarry rock extraction area
Land and buildings used for agriculture or forestry, natural and semi
natural land, minerals processing.
Non residential commercial buildings and local infrastructure e.g.
services and minor roads, B or lesser classification.

4

Minimal
Low
Medium

https://transform.iema.net/article/risk-v-significance
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Receptor / Land Use

Relative Importance / Sensitivity

Dwellings, A roads / Highways England network and essential utility
infrastructure.

High

The LSRA 2018 identifies a wide range of potential receptor locations, for each of which it
identifies an overall risk level based on assessment of the existing situation and site specific
interpretation of the site data and the factors likely to affect sinkhole development together with
the impacts of the quarry extension proposals and mitigation measures. Where a potential
receptor is in very close proximity to a receptor of less sensitivity, such as outbuildings or
agricultural buildings, only the receptor with the highest sensitivity has been assessed. Receptors
and land outside the limestone are not at risk so are not assessed.
As the assessment is of potential land stability effects, the categories of overall risk level used
and the equivalent categories of magnitude from DMRB are as set out in Table 17-4.
Table 17-4

Risk Level Categories from LSRA and Equivalent Impact Magnitude Levels

Risk Level

Risk Description

Criteria Descriptors (adverse)

Equivalent Impact
Magnitude

Negligible

Negligible or no apparent
risk; surface subsidence or
collapse is not foreseen as a
consequence of the project.

No loss or alteration of
No change
characteristics, features or elements;
no observable impact in either
direction.

Low

Surface subsidence or
collapse is not foreseen as
likely to occur as a
consequence of the project.

Very minor loss or detrimental
Negligible
alteration to one or more
characteristics, features or elements.

Medium

Surface subsidence or
collapse may occur if further
aggravated by on site
mechanisms of collapse.

Some measurable change in
attributes, quality or vulnerability;
minor loss of, or alteration to, one
(maybe more) key characteristics,
features or elements.

Minor

High

Surface subsidence or
collapse is actively occurring
or is very close to occur,
remedial action required.

Loss of resource, but not adversely
affecting the integrity; partial loss
of/damage to key characteristics,
features or elements.

Moderate

Very High

Subsurface subsidence or
collapse is underway or
imminent, remedial action
required or avoidance of the
area.

Loss of resource and/or quality and Major
integrity of resource; severe damage
to key characteristics, features or
elements.

Assessment of Residual Land Stability Effects
The following table examines each of the identified receptors and relevant existing sinkhole risk
factors plus those associated with the proposals, together with the appropriate mitigation to
derive an assessment of the significance of the residual land stability effect associated with the
project. The significance categories applied to the residual land stability effect are as per the
definitions in the Environmental Statement Chapter 21 Table 21.3 ‘Significance of Impacts’
(which is sourced from DMRB).
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Table 17-5 Assessment of Significance of Residual Land Stability Effects
Receptor

Receptor
Existing factors likely to affect the local
importance occurrence of sinkholes
/ sensitivity

Existing
quarry rock
extraction
area

Minimal

Karst features are observable and encountered but Localised deepening.
surface water drainage is direct to the bedrock.
Mitigation is by operational
Operational H&S management in place.
H&S management.

No change

Neutral

Existing
quarry
processing
and
maintenance
areas

Low

Karst features are observable and encountered but No change.
surface water drainage is direct to the bedrock.
Mitigation is by operational
Operational H&S management in place.
H&S management.

No change

Neutral

New access
route to
Alston Farm
and Alston
Cottage from
Chainage
350

Low

Evidence of nearby sinkholes in the farm fields
where existing drainage is mainly infiltration and
overland flow.
Evidence from geophysical survey and boreholes
that there is likely to be several metres of
superficial deposits.

Introduction of impermeable
road surface, and is a private
access route to only two
properties, as such vehicle
movements are limited.
Mitigation will be by positive
drainage to existing drainage
routes to reduce the potential
for concentrated infiltration
forming new subsurface
pathways.

Negligible

Slight

Stage 1 – 5
Quarry
extension
area and
operation

Low

Evidence of a variable thickness of moderately
permeable superficial deposits and a likely irregular
rockhead profile and observed sinkholes with a
concentration near the northern extent of the
limestone where there the low permeability Tavy
Formation to the north.
Groundwater levels are variable within the
superficial deposits and limestone.
Existing drainage is by infiltration, overland flow
and ditches adjacent to hedge-lines.

Staged removal of overburden Minor
and subsequent staged
extraction of limestone in
benches, and dewatering as
extraction void deepens.
Mitigation will be by controlling
the drainage by utilising
existing surface water
drainage routes, monitoring
and the Karst Management
Plan.
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Significance of
Residual Land
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Receptor

Receptor
Existing factors likely to affect the local
importance occurrence of sinkholes
/ sensitivity

Overburden
bund
formation

Low

Evidence of a variable thickness of moderately
permeable superficial deposits with an irregular
rockhead profile and observed sinkholes, including
a swallow hole along the route of the watercourse
(Alston stream) fed mainly by springs in Alston
Wood. Groundwater levels are variable within the
superficial deposits and limestone.
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Quarry extension proposals Magnitude of Impact
and mitigation

Significance of
Residual Land
Stability effect

Increase in ground loading
Minor
from placement of the
overburden soils within the
bunds, and diversion of
seasonal and ephemeral
Alston stream.
Increase in ground loading is
not foreseen to cause land
instability from collapse of the
limestone to a cavity.
Mitigation will mainly be by
controlling the drainage such
that infiltration beneath the
bund(s) footprint will be plane
/ diffuse similar to the existing
situation, and new linear
positive drainage routes
around the bunds and
settlement ponds used during
construction will be lined to
prevent concentrated
infiltration of surface water.
Sinkhole repair will be carried
out for the Alston stream
swallow hole. The final form of
the repair will be dependent
on the findings of monitoring
carried out until the repair is
necessary in Stage 2b for the
overburden bund formation
(year 16).

Slight
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Receptor

Receptor
Existing factors likely to affect the local
importance occurrence of sinkholes
/ sensitivity

Quarry extension proposals Magnitude of Impact
and mitigation

Significance of
Residual Land
Stability effect

Balland Lane Medium
widening

The existing lane does not have positive drainage
though some runoff from the existing lane
upstream of the Balland Stream will flow to Balland
Stream, whereas in severe events excess runoff
contributes to flooding in Balland Lane
downstream.
For the ground elevations and based on
observations of the Balland Stream immediately
downstream of Linhay Hill Quarry through
Rockpark Cross playing field, water within the
stream is more likely to infiltrate to groundwater
rather than receive baseflow from groundwater in
the limestone, and groundwater levels are likely to
reflect the existing quarry operation.

Increased hard surface area.
Mitigation will be by upstream
catchment attenuation to
ensure no increase in flow in
the Balland Stream.
The widening will have
positive drainage and the
works will be carried out to
Devon County Council
standards.

No change

Neutral

Waye Lane
Medium
Public Road
and Footpath

For the western end to chainage 200
(approximately) which lies on the limestone, natural
surface water runoff by overland flow occurs at
present.
Groundwater levels are likely to reflect the existing
quarry operation.

Introduction of hard surface
No change
area.
Mitigation will be by upstream
catchment attenuation to
ensure no increase in flow in
the Balland Stream. The new
road will have positive
drainage and the works will be
carried out to Devon County
Council adoptable standards.

Neutral
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Receptor

Receptor
Existing factors likely to affect the local
importance occurrence of sinkholes
/ sensitivity

Quarry extension proposals Magnitude of Impact
and mitigation

Significance of
Residual Land
Stability effect

No change

Neutral

No change

Neutral

Within east
Medium
Ashburton
e.g. Dartmoor
Community
College

Relatively near the northern margin of the
limestone but the area has been extensively
developed since the early 1960s when only the
Ashburton & Buckfastleigh County Secondary
School building was present. The area is expected
to have positive drainage, though at the college
substantial buildings exist, and some use of
soakaways but no known reported subsidence.
Ground investigation in 2014 for new development
at the college showed superficial deposits to at
least 6.45m below ground level.
For the ground elevations and based on
observations of the Balland Stream through this
area, water in the stream is more likely to infiltrate
to groundwater rather than receive baseflow from
the limestone and groundwater levels are likely to
reflect the existing quarry operation.

Extended period of
dewatering.

Within east
Ashburton
e.g. Linhay
Business
Park and
along the
B3352

Development along the B3352 has existed since
before 1954, with Linhay Business Park mainly
developed since the early 1990s.
Surface water conveyed to infiltrate to ground via a
large soakaway in west end of the business park
and the use of soakaways elsewhere, but no
known reported subsidence. Groundwater levels
are likely to reflect the existing quarry operation.

Extended period of
dewatering.

Medium
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Mitigation will be primarily by
controlling the drainage from
the Balland Lane Widening
and the new Waye Lane
Public Road and Footpath, the
monitoring feedback from
local liaison and the Karst
Management Plan.

Mitigation will be primarily by
controlling the drainage from
the Balland Lane Widening
and the new Waye Lane
Public Road and Footpath,
plus the monitoring feedback
from local liaison.
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Receptor

Receptor
Existing factors likely to affect the local
importance occurrence of sinkholes
/ sensitivity

Caton (Hill)
Lane

Medium

Stormsdown
Lane

Medium

West Country Medium
Storage
Solutions at
Goodstone
Quarry

Mead Garage Medium
and Mead
Storage
along
Dolbeare
Road

Quarry extension proposals Magnitude of Impact
and mitigation

Significance of
Residual Land
Stability effect

Traverses the limestone from its northern margin
approximately NNW to SSE. Surface water from
Hooks Cross or from springs in the field east of
Little Barton flows south down the road or in mainly
open unlined drainage either side of the road,
referred to as the Caton stream.
Geophysical surveys indicate a generally shallow
depth to limestone bedrock, however boreholes
indicate variability with locally thick superficial
deposits. At Caton groundwater is below the
elevation of the Caton stream hence it is likely to
infiltrate to the superficial deposits and the
limestone.

Extended quarry extraction
area with associated
dewatering.

Negligible

Slight

Traverses the limestone from its northern margin
approximately NNW to SSE with surface water
runoff south down the lane, and from springs from
the Crackington Formation north of limestone. The
water flows to a low point prior to the A383 where it
has to drain to a small diameter Highways England
culvert, but which is a flood risk location marked by
a water level gauge board.

Extended quarry extraction
area with associated
dewatering.

No change

Neutral

Karst features are recorded as being observable in
the former quarry faces.
Buildings are within former quarry and are founded
on bedrock with drainage direct via soakaway to
the limestone bedrock.

Extended quarry extraction
area with associated
dewatering.

No change

Neutral

No change

Neutral

Mitigation will be by drainage
control around the overburden
bunds, the monitoring, and the
Karst Management Plan.

Mitigation will be by the
monitoring feedback from
local liaison.

Mitigation will be by the
monitoring feedback from
local liaison.
Near the southern margin of the limestone with the Extended quarry extraction
area with associated
lower permeability Foxley Tuff Formation to the
south. Access from Mead Cross via Dolbeare Road dewatering.
with the Kestor Brook flowing seasonally in open
Mitigation will be by the
drainage north of the road i.e. between the
monitoring feedback from
properties and the quarry and its proposed
local liaison.
extension.
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Receptor

Receptor
Existing factors likely to affect the local
importance occurrence of sinkholes
/ sensitivity

Dwellings at
Lower Waye

High

Dwellings at
Alston Farm
and Alston
Cottage

High

On the northern margin of the limestone but there
is a shallow depth to the limestone and historical
maps show some of the buildings have been
present for more than a hundred years.
Groundwater levels will reflect the existing quarry
operation.
Current mitigation is by operational H&S monitoring
e.g. of ground vibration due to blasting.

Quarry extension proposals Magnitude of Impact
and mitigation

Significance of
Residual Land
Stability effect

Extended quarry extraction
area with associated
dewatering.

No change

Neutral

Minor

Slight

Mitigation will be by drainage
control for the new access to
Alston Farm and Alston
Cottage and the new Waye
Lane Road off Alston Lane,
combined with the monitoring
feedback from local liaison.
New access route provided
On the northern margin of the limestone with the
lower permeability Tavy Formation to the north and with increased hard surface
area, and extended quarry
surface water from springs in Alston Wood and
extraction area with
farmland to the north. Geophysical survey and
associated dewatering.
boreholes indicate several metres of superficial
deposits and evidence of nearby sinkholes in the
farmland. Utilises infiltration drainage but historical Mitigation will be mainly by
drainage control for the new
maps show the buildings have been present for
more than a hundred years with Alston Barn having access to Alston Farm and
Alston Cottage and the new
a waterwheel which extends into a below ground
Waye Lane Road off Alston
pit which is anecdotally understood to have pipe
drainage to the limestone in the farm fields south of Lane, the monitoring, and the
Karst Management Plan.
the farmhouse and there has been no known
subsidence.
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Receptor

Receptor
Existing factors likely to affect the local
importance occurrence of sinkholes
/ sensitivity

Quarry extension proposals Magnitude of Impact
and mitigation

Significance of
Residual Land
Stability effect

No change

Neutral

No change

Neutral

Dwellings
High
within the
east of
Ashburton
including e.g.
Balland Lane,
Balland Park,
Beverley
Gardens,
Long Park,
Hospital Lane
and the
Paddock

Relatively near the northern margin of the
limestone but the area has been extensively
developed since the early 1960s when only the
Ashburton & Buckfastleigh County Secondary
School building was present. The area is expected
to have positive drainage, though there may be use
of soakaways but no known reported building
subsidence.
For the ground elevations and based on
observations the Balland Stream through this area
is more likely to infiltrate to groundwater rather than
receive baseflow from the limestone and
groundwater levels will reflect the existing quarry
operation.

Extended period of
dewatering.

Dwellings
within the
west of
Ashburton

Buildings have existed in Ashburton centre and
along the B3352 for more than a hundred years,
and extensive development has occurred since the
early 1960s north of the B3352 which will be closer
to the northern margin of the limestone. The area is
expected to have positive drainage, though there
may be use of soakaways but no known reported
building subsidence. Groundwater levels will reflect
the existing quarry operation.

Extended period of
dewatering.

High
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Mitigation will be primarily by
controlling the drainage from
the Balland Lane Widening
and the new Waye Lane
Public Road and Footpath,
and the monitoring feedback
from local liaison.

Mitigation will be primarily by
controlling the drainage from
the Balland Lane Widening
and the new Waye Lane
Public Road and Footpath,
and the monitoring feedback
from local liaison.
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Receptor

Receptor
Existing factors likely to affect the local
importance occurrence of sinkholes
/ sensitivity

Dwellings at
Caton

High

Dwellings at
Goodstone

Dwellings at
Bickington

High

High

Quarry extension proposals Magnitude of Impact
and mitigation

Significance of
Residual Land
Stability effect

On the central area of the limestone, generally
gently sloping land, and geophysical surveys
suggest relatively shallow depth to the limestone
bedrock, but boreholes indicate variability with
locally thick superficial deposits. Groundwater is
below the elevation of the Caton stream hence it is
likely to infiltrate to the superficial deposits and the
limestone.
There is no positive drainage and some evidence
for sinkholes nearby, though some buildings have
been present for more than a hundred years and
no known reported building subsidence.

Extended quarry extraction
area with associated
dewatering and overburden
bunds between the extended
extraction area and Caton.

Negligible

Slight

Plateau but with more steeply sloping land to the
south, irregular pinnacle rockhead encountered
during construction of Goodstone Junction to the
north, but an old quarry lies close to the south
west, with Goodstone Quarry further west occupied
by commercial buildings. Area is expected to utilise
positive drainage but there may also be infiltration
drainage though some buildings have been present
for more than a hundred years and no known
reported building subsidence.

Extended quarry extraction
area with associated
dewatering and overburden
bunds between the extended
extraction area and Caton.

Negligible

Slight

The limestone narrows towards Bickington prior to
the River Lemon where a northwest-southeast fault
coincides with the course of the River Lemon and
has caused a lateral (south) offset of the Foxley
Tuff Formation outcrop. Some evidence for
sinkholes nearby but many buildings are shown by
historical maps to have been present for more than
a hundred years with no known reported building
subsidence, including at Lower Lemonford and
Higher Lemonford and an old quarry to the west
near which there is a spring.

Extended quarry extraction
area with associated
dewatering.

Negligible

Slight
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Mitigation will be by drainage
control around the overburden
bunds, the monitoring, and the
Karst Management Plan.

Mitigation will be by the
monitoring feedback from
local liaison and the Karst
Management Plan.

Mitigation will be by the
monitoring feedback from
local liaison and the Karst
Management Plan.
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Receptor

Receptor
Existing factors likely to affect the local
importance occurrence of sinkholes
/ sensitivity

Dwellings
High
along or near
Dolbeare
Road

Quarry extension proposals Magnitude of Impact
and mitigation

Near the southern margin of the limestone with the Extended quarry extraction
area with associated
lower permeability Foxley Tuff Formation to the
south and runoff from that land onto the limestone dewatering.
but limited positive drainage.
Mitigation will be by drainage
control, the monitoring
feedback from local liaison
and the Karst Management
Plan.
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No change

Significance of
Residual Land
Stability effect
Slight
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Receptor

Receptor
Existing factors likely to affect the local
importance occurrence of sinkholes
/ sensitivity

A38

High

Traverses SW to NE across the central area of the
limestone, on embankment on south side Alston to
Caton and in cutting in other areas. Geophysical
surveys, boreholes, observations at the quarry and
records of works for the Goodstone Junction
indicate a likely irregular rockhead and superficial
deposit depth variable and locally thick (>10m). A
cavity was encountered during construction of the
A38 south west of the quarry, reportedly infilled
with concrete. Basal embankment layers will have
utilised an engineered fill though the contract
drawings also show variation in the subbase
thickness. The highway will have intercepted
natural drainage and mainly has positive drainage,
though infiltration occurs along drainage on the
north side of its embankment and through the
grassed central reservation from Alston to Caton.
Following its construction the A38 dual carriageway
has coexisted with dewatering of the quarry to its
current extraction area with no known subsidence
effects on the A38 reported as being attributed to
the quarry operation. Groundwater flow within the
limestone is primarily controlled by conduits, with
limited flow occurring within the matrix and
accompanying network of fractures. Conceptually
there is a shallow zone which responds to rainfall
and a deep zone which shows more muted
response to rainfall and the two zones are not
hydraulically well connected.
Consequently it is assessed the effects if any of
changes to surface water drainage and shallow
groundwater dewatering are likely to manifest more
or faster than the deep dewatering, and surface
water infiltration to the limestone will continue to
occur at existing locations.
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Quarry extension proposals Magnitude of Impact
and mitigation

Significance of
Residual Land
Stability effect

Extended quarry extraction
Negligible
area with associated
dewatering and overburden
bunds between the extended
extraction area and Caton.
Quarry slope construction will
adhere to the design within
the Environmental Statement
Appendix Chapter 3 Appendix
3A Site Investigation and
Design Report by Sandybed
Geological Services. For
south east faces i.e. parallel to
A38 that design utilises
parameters based on a report
on the slope stability of
existing and proposed
workings prepared by
Engineering Geology Ltd. in
1987. Hence slope stability is
proven by the existing quarry
and would be subject to
regular inspections are
required by the Quarries
Regulations 1999.

Slight

Mitigation will be by drainage
control around the quarry and
the overburden bunds, the
monitoring and the Karst
Management Plan.
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Receptor

Receptor
Existing factors likely to affect the local
importance occurrence of sinkholes
/ sensitivity

Goodstone
Junction
A383

High

Irregular pinnacle rockhead encountered during
construction of Goodstone Junction, and evidence
of sinkholes nearby such as north of the A38 off
slip but that feature was present prior to
construction of the junction. Geophysical surveys,
boreholes, observations at the quarry and records
of works for the Goodstone Junction indicate a
likely irregular rockhead and superficial deposit
depth variable and locally thick (>10m). The bridge
is founded on bedrock and the junction has positive
drainage though a surface watercourse fed by
springs to the north is conveyed through the
junction area to Goodstone, and when excess flow
or runoff the water flows south west into the known
sinkhole depression north of the A38 off slip. Caton
stream also flows north south to the west of the
junction.
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Quarry extension proposals Magnitude of Impact
and mitigation

Significance of
Residual Land
Stability effect

Extended quarry extraction
area with associated
dewatering and overburden
bunds between the extended
extraction area and Caton.

Slight

Negligible

Mitigation will be by drainage
control around the quarry and
the overburden bunds, the
monitoring and the Karst
Management Plan.
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Summary and Conclusions
Following receipt of comments on the original Environmental Statement on both hydrology and
land stability from statutory consultees and other parties and to address the questions raised in
the Reg 22 Request 2016, an additional program of data collection and studies on the site and its
surrounds, including further survey and ground investigation and additional geological and
hydrogeological desk study, monitoring and interpretation has been undertaken.
These outcome of this additional work is reported in


An updated Hydrogeological Impact Assessment 2018, and an updated ES Chapter 12
Water Resources, Drainage and Flood Risk.



An updated Land Stability Risk Assessment 2018 (LSRA 2018)

These documents have informed this revised ES Chapter 17 on Land Stability.
The methodology followed in the LSRA 2018 and this updated chapter follows the relevant advice
in the NPPF and Planning Policy Guidance.
The baseline situation has been described with respect to topography, geology, hydrology and
hydrogeology, potential sources of land instability and factors which may affect the local
occurrence of sinkholes. This is followed by consideration of the future baseline, which is the
situation which would prevail if the proposed quarry extension and deepening did not take place –
the Do Nothing Scenario. The conclusion from this is that there are ongoing land stability risks
which are inherent to all karst landscapes, principally associated with extreme rainfall events or
prolonged wet weather, and also with changes to drainage by human intervention.
Against this background, the chapter then identifies potential causes of land instability associated
with the proposals for the extension and deepening of the quarry. These are quarry dewatering,
changes to surface water management, and ground loading associated with the proposed
overburden bunds. These are described in turn, together with qualifying factors which moderate
the potential of these activities to cause sinkholes. In addition specific mitigation measures are
identified comprising drainage control, land stability monitoring alongside the hydrogeological
monitoring, the phased way the proposals are to be implemented, and a method for sinkhole
repair.
The chapter then identifies the types of potential receptors or land uses and considers their
importance or sensitivity to land stability risk, and also provides a measurement of magnitude
derived from the identified risk levels in the LSRA and adapts them to reflect the range of levels
set out in DMRB Volume 11 Section 2 Part 5 HA 205/08 92008) table 2.3.
A detailed table is provided which examines each of the identified receptors and relevant existing
sinkhole risk factors plus those associated with the proposals, together with the appropriate
mitigation to derive an assessment of the significance of the residual land stability effects
associated with the project.
The finding is that for most receptors the combination of qualifying factors together with
implementation of the drainage control and other mitigation measures the quarry extension and
deepening proposals are assessed residual land stability effects of slight or neutral
significance. The exception was identified for the dwellings at Alston Farm and Alston Cottage
for which the residual land stability effects were found to be of medium significance .
In buried karst terrain which exists in several areas within south Devon there will always be
residual uncertainty regarding the precise location and timing and severity of individual sinkholes,
if any were to occur, though for the Chercombe Bridge Limestone Formation around Linhay Hill
Quarry that residual risk is minimised by avoiding concentrated infiltration drainage and
monitoring for potential precursors of surface subsidence.
A key feature of the quarry extension and deepening proposals is that they will be implemented in
a series of stages with a comprehensive programme of targeted and general monitoring which
will allow early identification of an adverse consequence due to the proposals, and ensure that a
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developing hazard, if one occurs, is identified at an early stage which will enable timely corrective
action to be taken as necessary.
Furthermore it should be borne in mind that most other limestone quarries in the UK are also in
karst limestone, many of them notably larger and deeper than Linhay Hill Quarry.
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Appendix 17.1 Atkins’ Land Stability Risk
Assessment 2018
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