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Executive Summary
This study provides a comparative overview of the information submitted in support of planning applications for
three different limestone quarries in Devon, namely Stoneycombe Quarry, Moorcroft Quarry and Linhay Hill
Quarry.
In particular, it looks at the information in respect of the water environment and land stability submitted as part
of the Environmental Statements for each of the three quarries with a view to providing an overall comparison
of the level of detail on those topics available to the respective Mineral Planning Authorities at the point of
determination.
It is recognised that there will be site specific factors which influence the level and type of detail required for
each application, however there are sufficient aspects in common which enable a high level comparison to be
validly made: principally that each quarry is producing significant volumes of limestone aggregate and
associated products within Devon from Devonian limestone deposits with karst characteristics, which extend
below nearby built up areas and strategic transport infrastructure. All three quarries involve extraction below the
natural groundwater level.
The purpose of this review is to support the submission of the Regulation 22 Response #5 for Linhay Hill
Quarry which provides further hydrogeological and land stability information to accompany the planning
application for the extension of Linhay Hill Quarry, by illustrating the level of detail in that submission alongside
the equivalent information provided for the Stoneycombe and Moorcroft Quarries.
The conclusion is that the amount of information presented in the Hydrogeological Impact Assessment for
Linhay Hill Quarry and associated monitoring and mitigation regime is at least as comprehensive as the Water
Environment Impact Assessments for Moorcroft and Stoneycombe Quarries.
Whilst some of the records for the latter two quarries commenced earlier than those for Linhay Hill Quarry, the
breadth of investigation methods implemented to date at the Linhay Hill Quarry is substantially greater. The
data obtained from this wider scope of investigations has led to a substantially more detailed conceptual model
for the Linhay Hill Quarry, with a more rigorous assessment of the projected extent of effects and a more
comprehensive approach to ongoing monitoring and mitigation. This includes the design of specific mitigation
measures, the proposed approach and timing for testing their effectiveness and a series of measures for
identifying and responding to unexpected impacts. Those elements are notably absent from the Water
Environment Impact Assessment for Stoneycombe Quarry, whilst Atkins has been unable to find a detailed
conceptual model or mitigation plan for Moorcroft Quarry.
In respect of land stability, no assessment was provided in the Environmental Statements for Stoneycombe and
Moorcroft Quarries, whereas a detailed Land Stability Risk Assessment in accordance with the relevant advice
in Planning Practice Guidance has been undertaken and is provided for Linhay Hill Quarry.
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1.

Introduction

1.1.

This document presents a comparative overview of information submitted in support of planning
applications for three different limestone quarries in Devon, namely Stoneycombe Quarry, Moorcroft
Quarry and Linhay Hill Quarry.

1.2.

In particular, it looks at the information in respect of the water environment and land stability
submitted as part of the Environmental Statements for each of the three quarries with a view to
providing an overall comparison of the level of detail on these topics available to the respective
Mineral Planning Authorities at the point of determination.

1.3.

The purpose of this review is to support the submission of the Regulation 22 Response #5 for
Linhay Hill Quarry which provides further hydrogeological and land stability information to
accompany the planning application for the extension of Linhay Hill Quarry, by illustrating the level
of detail in that submission alongside the equivalent information provided for Stoneycombe and
Moorcroft Quarries.

1.4.

For Stoneycombe and Moorcroft Quarries, reference has been made to the information available in
documents on the planning application websites of their respective Mineral Planning Authorities;
Devon County Council and Plymouth City Council. In the case of Linhay Hill Quarry, the information
is that contained in the Regulation 22 Response #5 documents submitted in August 2020, available
on the Dartmoor National Park Authority website and the applicant’s own website for the application.
Links to these websites are provided in chapter 2.

1.5.

It is recognised that the level of detail appropriate for each quarry will depend on such aspects as
the nature of their site specific surroundings and land based designations, the history of quarry
operations and the scale and characteristics of the future proposals, which will naturally be different
in each case. However there are sufficient aspects in common which enable a high level
comparison to be validly made: principally that each quarry is producing significant volumes of
limestone aggregate and associated products within Devon from Devonian limestone deposits with
karst characteristics, which extend below nearby built up areas and strategic transport infrastructure.
All three quarries involve extraction below the natural groundwater level: Linhay Hill Quarry to 0 m
AOD, Stoneycombe Quarry to 40 m BOD (below ordnance datum) and Moorcroft Quarry to 84 m
BOD.

1.6.

Notwithstanding that Linhay Hill Quarry near Ashburton is within the Dartmoor National Park,
whereas the other sites are not on land with special landscape protection, this should not be a
material point for hydrogeological and land stability considerations. In parallel with planning controls,
all the quarries are subject to the same regime in respect of environmental permit regulations
regarding water discharge and mining waste, and now also abstraction licensing. The relevant
guidelines for the water environment assessments for all these regimes is the Environment Agency
Hydrogeological impact appraisal for dewatering abstractions - Science Report – SC040020/SR1,
published in 2007.

1.7.

In both cases the Water Environment Impact Assessments submitted for Stoneycombe and
Moorcroft Quarries were considered to contain sufficient relevant information for a positive
determination to be made on the application, with suitable planning conditions applied.

1.8.

Additionally, the comparison is considered useful because the Water Environment Impact
Assessments prepared for Moorcroft and Stoneycombe Quarries were undertaken by Amec Foster
Wheeler Environment & Infrastructure UK Limited, now called Wood Environment & Infrastructure
Solutions UK Limited. Wood is acting as consultants to the Dartmoor National Park Authority in the
consideration of the planning application for the extension of Linhay Hill Quarry, and therefore the
documents submitted in respect of these other quarries can be considered as a useful guide to the
level of detail considered sufficient and appropriate as supporting information in each case.

1.9.

This report considers the following aspects for each of the three quarries:







Planning context
Planning Submission Documents
Geology and local water environment
Sources of baseline information
Uncertainties and Technical issues
Monitoring and mitigation
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2.

Planning Context
Introduction

2.1.

This chapter looks at the relevant planning context for each quarry in terms of its planning history,
the nature of the planning application submitted, and the scope of the proposals under
consideration.

2.2.

The main difference between the applications for Linhay Hill Quarry and the other two quarries is
that the former is an application for planning permission for an extension, whereas the other two
submissions were applications for approval of new operating conditions, pursuant to the
requirements of Schedules 13 and 14 of the Environment Act 1995 (Review of Old Mineral Planning
Permissions), commonly referred to as ROMP applications.

2.3.

The Planning application and ROMP applications are both subject to the same Environmental
Impact Assessment Regulations 2011. These Regulations do not differentiate between the nature or
level of the information for inclusion in environmental statements for planning applications or ROMP
applications: Schedule 4 of the EIA Regulations 2011 applies equally to both. Nor do the
Regulations differentiate between the scope for Mineral Planning Authorities to request ‘Further
Information’ under Section 22 of the EIA Regulations 2011.

Linhay Hill Quarry
Planning History
2.4.

Quarrying at Linhay Hill commenced in the 19th century. The existing quarry at Linhay Hill operates
under the terms of a series of planning permissions dating from the late 1940s, which increased the
extent of the operation to its current size. As part of the determination of a planning application in
1988, the conditions attached to these historic quarrying permissions were reviewed under the
terms for Review of Mineral Planning permissions in the Town and Country Planning (Minerals) Act
1981 – the ‘1981 ROMP Act’. The conditions allow extraction down to 28 m Above Ordnance Datum
(AOD).

2.5.

In respect of the Review of Old Mineral Planning permissions process, the site was subsequently
registered under the terms of the Environment Act 1995, which superseded the 1981 ROMP Act.
The site continues to be subject to the ROMP process under which a Mineral Planning Authority
initiates the submission of an application for determination of new operating conditions. The
Dartmoor National Park Authority has to date not seen it necessary to initiate a ROMP application
for Linhay Hill Quarry, and therefore the conclusion is made that the current conditions continue to
be considered by the Authority and its statutory consultees as appropriate for the consented
operation.

Nature of the application
2.6.

The planning application under consideration in this study is for an extension to the existing quarry
at Linhay Hill Quarry. The application was submitted in June 2016.

Scope of the proposals
2.7.

The planning application seeks planning permission to deepen the existing quarry below 28m AOD
to 0m AOD and to extend the quarry laterally to enable the quarry to operate at current rates for
some further 60 years. Water from the base of the quarry will be stored and settled before discharge
into the Balland Stream nearby under an Environment Agency regulated discharge consent.

2.8.

The quarrying proposals are sub divided into stages: Stage 0 relating to pre-commencement works
and subsequent stages 1-5 to changes in spatial extent and depth of the extension and existing
quarry until the restoration stage (Stage 6). These stages provide potentially suitable junctures for
further reviews prior to the commencement of successive stages in parallel with periodic reviews
under the ROMP procedures.
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Link to available information
2.9.

The planning application reference is 322/16, and the submitted documents are available on the
Dartmoor National Park Authority website via https://www.dartmoor.gov.uk/living-andworking/planning/search-for-an-application . The applicant has also made the documents available
on https://www.linhayhillquarryextension.co.uk/

Stoneycombe Quarry
Planning History
2.10.

It is understood that quarrying at Stoneycombe began in the 1880s and more recently a number of
mineral planning permissions were granted, dating from the late 1940s, the most recent of which
was for an extension to the south dated 1982. This permission included a condition allowing
extraction down to 40 m Below Ordnance Datum (BOD)

2.11.

Following the Environment Act 1995, a Review of Old Mineral Planning permissions (ROMP) was
undertaken in 1999. This reviewed all relevant planning consents issued between 1949 and 1982
and a new suite of operating and restoration conditions was agreed. The 1999 ROMP Determination
included a condition requiring preparation of an Impact Assessment in relation to the groundwater
regime prior to each occasion when the working depth of the quarry was lowered by 15 m, with the
first such assessment being undertaken before the working depth exceeded 0 m AOD (sea level).

2.12.

The planning application under consideration in this study was a periodic review under the ROMP
process. The application was submitted in October 2015 and determined in March 2018.

2.13.

At the time of the ROMP application quarrying at Stoneycombe Quarry had reached a depth of 13 m
AOD. The ROMP application sought new operating conditions to enable the quarry to continue
operating until 0m AOD. It was not envisaged that the working level of the quarry would exceed this
depth within the following 15 years, the anticipated duration of the new operating conditions. Water
from the base of the void would be settled in a settling pond before being discharged into the
Bickley Stream nearby under an Environment Agency regulated discharge consent.

2.14.

The application reference is DCC/3663/2014 and the submitted documents are available on the
Devon County Council website via https://www.devon.gov.uk/planning/.

Nature of the application

Scope of the proposals

Link to available information

Moorcroft Quarry
Planning History
2.15.

Moorcroft Quarry originated on the west side of Haye Road in Plympton, and operated under a
series of planning permissions approved since the late 1940s. In 1995 planning permission was
granted for a lateral extension to the east called Hazeldene. This was linked to the main quarry by a
tunnel under Haye Road. Quarrying at the Moorcroft site ceased in 2005, after the extraction there
had reached 51 m BOD, and so its water level has recovered and it is used for water storage and
settlement in conjunction with operating Hazeldene. Since 2005 quarrying has been solely from the
Hazeldene site. The permission allows extraction to 84 m BOD.

2.16.

Following the Environment Act 1995, a Review of Old Mineral Planning permissions (ROMP) was
undertaken in 1999. This reviewed all relevant historic planning consents and a new suite of
operating and restoration conditions was agreed. Separate conditions were granted for Moorcroft
and for Hazeldene.
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Nature of the application
2.17.

The application under consideration in this study was a further review under the ROMP process.
The application was submitted in May 2015 and determined in February 2016.

Scope of the proposals
2.18.

At the time of the ROMP application, working at the Moorcroft site had ceased and ongoing
extraction was focused on Hazeldene Quarry which had reached a depth of 12 m AOD. The ROMP
application sought new operating conditions to enable the quarry to continue operating to a depth of
50 m BOD. It was not envisaged that the working level of the quarry would exceed this depth within
the following 15 years, the anticipated duration of the new operating conditions. The void at
Moorcroft would be used to store and settle water pumped from the base of Hazeldene Quarry and
transferred to Moorcroft before discharge under an Environment Agency regulated discharge
consent point into the Billacombe Brook nearby.

2.19.

The application reference number is 15/00794/ENV and the submitted documents are available on
the Plymouth City Council website via

Link to available information

https://www.plymouth.gov.uk/planningandbuildingcontrol/planningapplications/searchandcommento
nplanningapplication
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3.

Planning Submission Documents

3.1.

This part of the study is a simple comparison of the documents and their content submitted
regarding hydrogeology and land stability for each of the three quarries. In making such
comparisons it is important to take account of the planning context and the nature of the geology
and local water environment for each quarry. These aspects are considered in chapter 4.

Linhay Hill Quarry
3.2.

The Hydrological Impact Assessment 2020 (HIA 2020) for Linhay Hill Quarry contains circa 178
pages of text, tables and figures incorporated in the text, and fifteen Appendices:
Appendix A. Proposed layout of quarry post-restoration
Appendix B. Borehole logs
Appendix C. Core photographs
Appendix D. Geophysical logging report
Appendix E. Tracer testing report
Appendix F. Photographs of flow and stage monitoring installations
Appendix G. Stream stage hydrographs
Appendix H. Estimated stream flow hydrographs
Appendix I. Slug test analyses
Appendix J. Water quality data obtained from laboratory analysis
Appendix K. Stiff plots of chemistry data
Appendix L. Radial diagrams of chemistry data
Appendix M. Piper plots of chemistry data
Appendix N. Look-up values for Balland Pit dewatering analysis
Appendix O. Proposed Stage 2 design of quarry and mitigation measures

3.3.

The Linhay Hill Quarry HIA 2020 follows on from 2 previous HIAs dated 2016 and 2018, and a Flood
Risk Assessment in 2016.

3.4.

The Land Stability Risk Assessment 2020 (LSRA 2020) for Linhay Hill Quarry contains circa 72
pages of text, including tables and figures, and has five Appendices:
Appendix A.
Appendix B.
Appendix C.
Appendix D.
Appendix E.

Engineering Geology Desk Study
Engineering geomorphological interpretation of historical aerial photographs
Findings from Atkins’ walkover surveys and the 2017 and 2019 Ground Investigation
Large figures
Table of sinkholes mapped by Atkins

3.5.

The Linhay Hill Quarry LSRA 2020 follows on from 2 previous LSRAs dated 2016 and 2018.

3.6.

Land stability was not mentioned in the Scoping Opinion regarding the proposals issued by the
DNPA in January 2016, however it was included in the Regulation 22 Requests issued in December
2016 and February 2020.

3.7.

The Water Environment Impact Assessment for Stoneycombe Quarry, dated October 2015,
contains 71 pages, including 15 pages of drawings or charts. The document had 7 Appendices:

Stoneycombe Quarry

Appendix A Flood Risk Assessment
Appendix B [Existing] Water Monitoring Scheme
Appendix C Hydrometric Monitoring Installations at Stoneycombe Quarry
Appendix D Surface Water Flows
Appendix E Groundwater Levels
Appendix F Borehole Logs
Appendix G Photographs.
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3.8.

An addendum containing 2 pages was submitted in July 2016, and a Technical Note addendum to
the Floor Risk Assessment containing 7 pages of text plus photographs and 2 diagrams was
submitted in November 2017.

3.9.

There was no Land Stability Assessment submitted as part of the Environmental Statement for
Stoneycombe Quarry. Two Scoping Opinions were issued in advance of the submission, but there is
no mention of land stability in either document, and no Regulation 22 Request in respect of land
stability or any other topic was issued whilst the application was being considered.

3.10.

The Water Environment Impact Assessment for Moorcroft Quarry, dated April 2015, contains 30
pages, including 1 page of drawing. The document had 3 Appendices:

Moorcroft Quarry

Appendix A Flood Risk Assessment
Appendix B [Existing] Water Monitoring Scheme
Appendix C Geophysical Logging of boreholes.
3.11.

There were no addendums or other supplementary submissions.

3.12.

There was no Land Stability Assessment submitted as part of the Environmental Statement for
Moorcroft Quarry. A Scoping Request was made in April 2014, about a year before the
Environmental Statement was submitted, but there is no record of a Scoping Opinion being issued.
Land Stability was not mentioned at the Scoping Stage, and no Regulation 22 Request in respect of
land stability or any other topic was issued whilst the application was being considered.
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4.

Description of the surrounding area,
geology and local water environment
Introduction

4.1.

This chapter describes for each of the three quarries the surrounding area in terms of land uses, the
geology of the mineral, including references to karst features, and the local water environment in
terms of properties of the groundwater and nearby watercourses. The descriptions of geology and
water environment for Linhay Hill Quarry use extracts from the HIA 2020 and the LSRA 2020. The
descriptions of the geology and water environment for Stoneycombe and Moorcroft Quarries use
extracts from their respective Water Environment Impact Assessments. These extracts are shown in
italics.

4.2.

All three quarries operate in karstic limestone with instances of sinkholes / stream sinks in the
surrounding water environment. In all cases the limestone deposit extends beyond the immediate
environs of the quarry, and underlies built up areas and strategic transport infrastructure nearby:


The limestone deposit that Linhay Hill Quarry extracts from underlies Ashburton to the west and
nearby hamlets and dwellings to the south and east as well as the A38.



The limestone deposit that Stoneycombe Quarry extracts from underlies part of Kingskerswell to
the east and the hamlet of Stoneyhill to the west. The main Paddington to Penzance railway
passes through the quarry and a short length of the A381 Kingskerswell bypass crosses the
eastern extension of the deposit.



The limestone deposit that Moorcroft Quarry extracts from underlies large areas of Plympton
and of the new town of Sherford. The A379 dual carriageway leading into Plymouth from the
South Hams passes a short distance to the south of the quarry. The Plym estuary is 2.5 km to
the east and Chelston Meadow landfill site lies between the quarry and the estuary (the landfill
was in operation from the 1960s and closed in 2008).

Linhay Hill Quarry
Description of the surrounding area
4.3.

4.4.

Linhay Hill Quarry is located to the north-east of Ashburton. The quarry is immediately adjacent to the
A38 Devon Expressway, which runs along its south-eastern boundary and at this point is the boundary
of the Dartmoor National Park. To the south is the Linhay Business Park and playing fields of South
Dartmoor Community College. The College’s Sixth Form Centre occupies Place House, which is
located approx. 135m to the north of the quarry workshop area. The nearest dwellings to the existing
quarry are at Place, near the school; at Lower Waye (45m distance) and at Momalda (115m distance)
to the north of the quarry. Other land surrounding the existing quarry is agricultural, with scattered
farms and dwellings.
The proposed extension is immediately to the north-east of the existing quarry, on the north side of
the A38 on land owned by the quarry operators. The closest dwellings are Alston Farmhouse and
Alston Cottage, (42m and 21 m distance respectively) which are in the ownership of the applicants,
but privately occupied. There are two further dwellings at Lower Waye, one of which is owned by the
applicant, again both are privately occupied. To the north-east is the small hamlet of Caton,
comprising several private houses (closest is 37m from a proposed bund). Other private residences
are located further away to the north and west. A caravan site is situated to the south of the A38.

Geology
4.5.

The quarry extracts from a deposit of Chercombe Bridge Limestone Formation of middle to late
Devonian age. The outcrop from which the quarry extracts extends in a long lozenge shape from
Bickington in the north east to the south eastern edge of Ashburton in the south west, with a
maximum width of around 1km in the area just east of the existing quarry and Alston Lane. Smaller
outcrops of CBLF extend further southwards to Buckfastleigh and north eastwards beyond
Bickington, and the CBLF also outcrops separately elsewhere in south Devon, north east and south
west of Newton Abbot.
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4.6.

An extract from the geological map showing Linhay Hill Quarry and the surrounding area is provided
in Figure 4-2 of the HIA 2020, replicated in Appendix 4.1 herein.

4.7.

As reported in the HIA 2020:
“The quarry works a southwest-northeast trending outcrop of the Chercombe Bridge Limestone
Formation (CBLF), which is thought to be Eifelian to Famennian in age (Middle to Late Devonian).
Additional, smaller outcrops have been mapped to the northeast, between Bickington and Liverton,
and along the valley of the River Ashburn to the southwest of the quarry, extending as far as
Buckfastleigh (Figure 4-1). It is possible that these outcrops are connected by thin sections of CBLF
below the surface, although there are insufficient data from boreholes in the Study Area to confirm
this….. Historically the Devonian limestones in this area, including the CBLF, supported a local
‘marble’ (polished limestone) industry. These rocks have also been used locally as building stone.”
“The CBLF is a buried karst (BGS, 2020c; Fookes & Hawkins, 1988; Malkin & Wood, 1972) which
means the limestone has been subject to karst weathering (dissolution) processes, forming a variety
of solution features (e.g. BGS Caton Karst website (BGS, 2020c)), with the karstic rockhead
topography buried under clayey infill, as described in several previous investigations within the
Study Area” (references for those investigations are given but not repeated herein).
“On BGS Map Sheets 338 (BGS, 1995) and 339 (BGS, 1997) the bedding within the main outcrop of
the CBLF dips in a broadly south-easterly direction, with no indication of overturning (Figure 4-1).
Sheet 338 (BGS, 1995) shows dip angles of the CBLF to vary between 33° and 54° in the area
between Ashburton and Caton.”
“Several thrust faults are indicated near the quarry on BGS Map Sheet 338 (BGS, 1995), 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 crop out
to the north, meaning that the quarry is located within the hanging wall of the thrust fault.”
“A second thrust fault is shown on Map Sheet 338 (BGS, 1995) at the western and southern extent of
the main CBLF outcrop, where it marks the contact between the limestone and the Foxley Tuff
Formation. These extrusive igneous rocks have been thrust over the CBLF and crop out as a narrow
(less than 500 m wide) strip along the entire southern edge of the limestone outcrop, extending to
Bickington (approximately 2.3 km northeast of the existing 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, although these are commonly infilled with clay.”
“The CBLF is a buried karst, characterised by the infill of pre-existing discontinuities, such as fractures,
conduits and sinkholes, with clayey material. The relatively low hydraulic conductivity of the CBLF
relative to other carbonate aquifers reflects the influence of this clayey infill, although several active
karst features are evident in the Study Area. The majority of hydraulically significant karst features,
including numerous springs and caves, are located at the downstream edges of the CBLF outcrop,
away from the quarry. Four swallow holes (one of which has been recently backfilled) are located
close to the quarry, while, as of early 2020, three flowing conduits were present within the quarry itself,
as well as a large, flowing feature referred to as the northeast face fracture”

4.8.

The LSRA 2020 contains a section on karst, which includes the following:
“In karst areas, ground subsidence over solution features can be 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, [4] [5]). Hence buildings and infrastructure
founded within the soil profile over karstic limestone may be vulnerable to subsidence associated with
the development of sinkholes.”
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“The presence of karst features near a site may also be important to the overall understanding of the
subsurface geology of the site itself (Fookes & Hawkins [6]). Additionally, historical information is
important for assessing cave and sinkhole hazards (Benson and Yuhr [7]) and (Waltham [8]).”
“For engineering purposes, karst may be classified on the basis of the severity or complexity of
morphological features present, as outlined in the Engineering Geology Desk Study in Appendix A.
Following the classification system developed by Waltham & Fookes [9], the predominant karst terrain
expected to be present at and in the vicinity of the proposed extension to the Linhay Hill Quarry is
buried Mature karst kIII. This includes the possibility of open conduits associated with continuing karst
activity, and irregular rockhead of the type that might be expected from Complex karst kIV, although
elements of Youthful karst kII are also expected. Although no superficial deposits are indicated on the
BGS maps, other than alluvium along the Kestor Brook, it is known from the local geomorphology and
from ground investigations that the karst in the Land Stability Study Area is a buried by a variable
thickness of superficial deposits.”

Local water environment
4.9.

Sections 4.3 and 4.4 of the HIA 2020 provide details of the hydrology and hydrogeology of the
Linhay Hill Quarry area, from which extracts are:
“The main surface water features in the Study Area are the Rivers Ashburn and Lemon, the Balland
Stream and the Kester Brook, although the River Dart also flows through the far southwest of the
Study Area, approximately 5 km from the quarry.”
“The Chercombe Bridge Limestone Formation (CBLF) is designated as a principal aquifer (DEFRA,
2019) on the basis of its fracture permeability. However, the CBLF has been defined as a karst
aquifer (Waltham, et al., 1997) and hence, a significant component of groundwater flow occurs in
conduits (Ford & Williams, 2007).”
“The other bedrock units in the vicinity of the site are designated as secondary A aquifers (DEFRA,
2019). The permeability of these secondary A aquifers is largely fracture dependent. Intergranular
flow dominates in the areas of alluvium associated with the River Ashburn, Kester Brook and River
Lemon, which are designated as secondary A aquifers (DEFRA, 2019).”
“The operational catchment relating to groundwater is the Teign, Avon, Dart and Erme groundwater
body, which covers a 1379 km2 area from north Dartmoor to the estuaries of the rivers Erme, Avon,
Dart and Teign in the south. The overall groundwater body classification is ‘Poor’, based on its
chemical status, which is influenced by ‘Agricultural and rural land management’ and ‘Pollution from
abandoned mines’. The quantitative status of the groundwater body is ‘Good’, and the quantitative
status objective is ‘Good’ by 2015.”
“Detailed investigations of surface water features near the quarry indicate a dynamic system, that
responds to large seasonal fluctuations in rainfall (Figure 4-20), as well as human activities. The
seasonally-varying nature of surface water features is highlighted in Figure 4-26, which in addition to
the main watercourses shows numerous intermittent drainage channels, flood exceedance routes
and areas prone to the ponding of water, following heavy rainfall. Anthropogenic factors affecting
surface water in this area are also shown; these relate to the quarry, to engineered drainage
associated with the A38 and to the activities of local landowners.”
“As shown in Figure 4-26, streams in the vicinity of the quarry are typically fed by springs, the
majority of which lie to the north of the CBLF outcrop. There are also four historical mine adits in this
area, some of which discharge groundwater and contribute to flow in the Alston stream and Balland
Stream catchments, particularly during winter.”
“The natural springs to the north of the CBLF mainly flow from the contact of the St. Mellion and
Tavy Formations, based on BGS 1:50,000 mapping [10].”
“The springs are seasonal and flow in several of them ceases during periods of low rainfall; this can
be attributed to seasonal water table fluctuations in the St. Mellion Formation. The springs to the
west of the Alston stream naturally flow into the Balland Stream, although recent tracer testing

Atkins | 5151424 | 1.0 | July 2020

Page 9

Proposed extension to Linhay Hill Quarry
Comparative Overview of Submitted Information
conducted at the Alston stream swallow hole (Section 4.2.7) indicates that the quarry intercepts a
component of flow from the Alston stream itself.”
“This flow emerges within the quarry at the northeast face fracture (marked as ‘1’ in Figure 4-26 and
shown in Figure 4-27 and Figure 4-28), a diagenetic, calcite fracture, approximately 2 to 5 m wide
and dipping at an angle of 75º to the ESE. The main inflow is located at an elevation of
approximately 103 mAOD within the Level 3 face (approximately 97-110 mAOD), although some
flow occurs from the Level 2 and Level 4 faces above and below the observed main inflow.”
“The Balland Stream is fed by several springs (shown in Figure 4-26), surface runoff and the
periodic pumped discharge from the Balland Pit. The upper reach of the Balland Stream flows over
the Tavy Formation near the north-western boundary of the quarry.”
“During periods of high rainfall, two spring areas located to the north of the Alston Farm generate
overland flow to the south, past Alston Farmhouse, forming the Alston stream. Flow within the
Alston stream is highly seasonal and historically has also been affected by various human activities.
The stream was previously diverted to a water wheel at Alston Farm (marked as ‘5’ in Figure 4-26
and shown in Figure 4-33), and although no records are available to show its previous route
downstream of this point, the location of the water wheel and its alignment suggests flow from the
waterwheel sump towards fields to the southwest of the farmhouse. To the southwest of this point,
sinkholes have been identified (marked as ‘6’ in Figure 4-26 and shown in Figure 4-34); during the
wet winter of 2019 to 2020, ponded water was observed in these features. Based on the
landowner’s recollection, diversion of the Alston stream to its current alignment occurred between
2004 and 2006.”
“Following diversion to its current alignment, the watercourse now flows in a predominantly southeasterly direction, from Alston Wood to a drainage ditch north of the A38. Since its diversion to the
current route, a series of swallow holes has formed within the watercourse. The feature referred to
as the Alston stream swallow hole, which was subject to tracer testing in April 2016 and early 2020
(Section 4.2.7), is marked as ‘7’ in Figure 4-26 and is shown in Figure 4-35 below. For part of the
year, the Alston stream terminates at this swallow hole, although, as shown in Figure 4-35, the
stream continues southwards during wet periods (when stream flow is 10 l/min or more, as
described in Section 4.2.7). The stream has previously been observed entering nearby swallow
holes, whilst the observed reduction in flow along its current route suggests that there is extensive
infiltration from the Alston stream to the underlying CBLF.”
“The Mead Farm stream originates as land drainage discharge from a field south of Higher Mead, to
the southeast of MP19 on Figure 4-26. It then flows northwest through a ditch and underground pipe
across the CBLF to MP19, before flowing in a north-easterly direction in a channel adjacent to Gale
Road. At the point marked ‘11’ on Figure 4-26, a swallow hole historically received flows from the
Mead Farm stream. In January 2020 this swallow hole was infilled with concrete (Figure 4-39) by a
local farmer to address potential land stability risks beneath Dolbeare Road to the north. Infilling is
likely to have increased the flow of surface water beyond point ‘11’ on Figure 4-26 towards the
Kester Brook."
“Springs to the north of the Caton stream and an overtopping well at Little Barton, near the mapped
boundary of the CBLF, discharge to the Caton stream and the Samastar stream. The Caton stream
flows southwards across the CBLF towards the point marked with a ‘12’ on Figure 4-26. At ‘12’, the
flow, which historically followed the road towards Caton and to a swallow hole behind Caton
Farmhouse, is now partially diverted into the field to the northeast of Caton (Figure 4-41), with the
majority of flow now going in this direction. The diverted Caton stream either goes to ground south
of Caton Farm before the A38 underbridge (marked as ‘13’ in Figure 4-26 and shown in Figure 442), or when flow is sufficient, flows through the underbridge.”
“For most of the year, flow in the watercourse ceases approximately 100 m to the southeast of the
underbridge, where it percolates into the underlying CBLF at a suspected swallow hole. Following
prolonged wet periods, water can flow overland across a field to the southwest (marked as ‘14’ in
Figure 4-26 and shown in Figure 4-43), before flowing south along the road.”
“The Goodstone springs (marked with ‘16’ on Figure 4-26 and shown in Figure 4-45 and Figure 446) represent the main source of the Kester Brook, although these springs cease to flow during
prolonged dry periods. They comprise two distinct sources, the larger of which discharges over a
relatively wide extent, with no clearly defined channel and depends on seasonally-varying flow
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conditions. The Goodstone springs overlie Alluvium and the Foxley Tuff Formation, close to the
boundary of the Foxley Tuff Formation with the CBLF. The intersection of the CBLF and the lowerpermeability Foxley Tuff Formation drives groundwater to the surface at this point and constitutes
the most notable discharge from the south-eastern part of the main CBLF outcrop.”
“The Samastar stream flows in a south-easterly direction from a spring close to the mapped
boundary between the Foxley Tuff Formation and the CBLF. It follows field boundaries, flowing
towards the A38 off-slip. Following heavy rainfall and blockage at the entrance to a pipe under the
A38 off-slip, water overspills the normal channel of the stream and flows overland through a field
(marked as ‘17’ in Figure 4-26 and shown in Figure 4-47), both westwards across the field and
south-westwards along the margins of the A38 off-slip.”
“The main channel of the Samastar stream turns south-southeast towards the A38 and crosses
beneath the slip-road via the pipe shown in Figure 4-48. It then crosses the A38 and for most of the
year, the Samastar stream is able to flow into the Kester Brook, along a series of field boundaries.
During drier conditions, the Samastar stream typically goes to ground along this route, although
there is no clearly identifiable swallow hole in this area.”
“A separate, intermittent drainage channel lies to the east of the Samastar stream, conveying flow to
the southeast, towards the minor road near Stoneford Farm (approximately 150 m northwest of the
intersection of the A38 and A383). Flow is then transmitted by a drainage pipe under the road, as
shown by Figure 4-49; ponding of water occurs in this area during wet weather and, whilst some
infiltration to ground may occur within a localised depression where the channel crosses the minor
road, water at this location is mainly conveyed towards a further drainage pipe near the northern
edge of the A38. Water from the intermittent channel then flows northeast along the A38 and then
east towards Bickington. Water in this part of the channel mainly infiltrates to ground except after
prolonged or heavy rainfall, when it may reach the Lemonford stream east of the Higher Lemonford
property.”
“The Lemonford stream arises from a spring from the CBLF to the east of an old quarry at Higher
Lemonford, from where it flows east to join the River Lemon.”
“In summary, the following features represent current, focussed sources of recharge to the CBLF
(these features, as well as potential diffuse sources of recharge are discussed further in Section
4.4.4):


the Alston stream swallow hole (marked as ‘139’ in Figure 4-50);



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



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

the Mead Farm stream swallow hole (marked as ‘110’), although this source of recharge has
recently been blocked by the landowner…
The following areas represent natural areas of discharge from the CBLF (anthropogenic discharges
from the CBLF are discussed in Sections 4.3.4, 4.3.5.5 and 4.5):


1.
2.
3.
4.
5.

the Goodstone springs (marked as ‘95’ and 96’ in Figure 4-50);
the spring source of the Lemonford stream (marked as ‘86’) and the River Lemon;
springs to the northeast of Bickington (marked as ‘127’ and ‘111’);
the Balland Stream / River Ashburn, near their confluence; and .
the River Ashburn and the River Dart east of Buckfastleigh.”

Stoneycombe Quarry
Description of the surrounding area
4.10.

Stoneycombe Quarry is located approximately 3.5km south of Newton Abbot, 2km south west of
Kingskerswell and 1.5km south of Abbotskerswell and is approached from the A381 from a junction
north of Kingskerswell via widened lanes leading around the west of Kingskerswell. The area
surrounding the site largely comprises agricultural land with scattered dwellings and farm buildings.
The nearest dwellings include Lower Bickley Mill (approximately 27m from the quarry at the closest
point), Log House (approximately 73m from the site boundary), Brook Cottage (approximately 120m
from the site) and Bickley Mill Inn (approximately 130m from the extraction area). The quarry site is
bisected by a railway track on the Paddington to Penzance line which forms part of Network Rail’s
strategic network.
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Geology
4.11.

The quarry extracts from a deposit of East Ogwell Limestone (EOL) of Middle to Upper Devonian
age. The deposit extends from Kingskerswell in the east towards the West, reaching to about a mile
from the A383, Newton Abbot to Totnes road. A map showing Stoneycombe Quarry and the
surrounding area and underlying geology is presented in Appendix 4.2.

4.12.

As reported in the Water Environment Impact Assessment for Stoneycombe:
“The EOL aquifer is karstic and characterised by a dual groundwater flow regime, both with fast flow
through a conduit network of fissures and fractures that have been enlarged by chemical
dissolution; and slow diffuse flow through the aquifer matrix. Karstic geomorphological features such
as sinkholes, typical of this type of aquifer, are known to be present in this area. In addition, there is
often a higher transmissivity 'active' upper part of karstic aquifers that has been subject to enhanced
dissolution by groundwater and some evidence of this enhanced dissolution in the upper parts of the
quarry have been identified.“
“The limestone comprises on upper, relatively high permeability zone approximately 30 m thick
below the natural summer groundwater level and a lower permeability deeper zone resulting in a
dual groundwater flow regime, both with fast flow through a conduit network of fissures and
fractures that have been enlarged by chemical dissolution; and slow diffuse flow through the aquifer
matrix.“
“The limestone is highly fractured and deformed.“
“Extensive karstification is present in the upper levels of the quarry, resulting in solution widening of
many joints and fractures. Red clay and silt now fills many of these fissures.”

Local water environment
4.13.

The description on the hydrology and hydrogeology of the area surrounding Stoneycombe Quarry
includes the following:
“The Environment Agency classifies the limestone outcrop at Stoneycombe as a Principal Aquifer.
Principal aquifers … provide a high level of water storage. They may support water supply and / or
river base flow on a strategic scale… The limestone outcrop in the area of Stoneycombe Quarry is
classified by the EA as having a high groundwater vulnerability.”
“The direction of drainage in the local area is generally southwest to northeast. Dainton Stream
rises from the slates (Whiteway Mudstone Formation) to the west, and the headwaters of Bickley
Stream are fed by a number of small streams rising on the slates (Nordon Formation) and Breccia's
(Watcombe Breccia and Torbay Breccia Formation) to the south. Dainton Stream joins Bickley
Stream at Stoneycombe Bridge to the northeast of the site, flowing north-easterly towards Newton
Abbot until it meets Aller Brook near Aller Park.”
“Dainton Stream and Bickley Stream run onto the outcrop of East Ogwell Limestone (EOL) which is
the main aquifer in the area surrounding the quarry. Water is lost to the limestone at sink-holes
along both river valleys. The Limestone aquifer is karstic and tracer testing suggests that loss of
water from Bickley Stream and Dainton Stream into sink-holes is an important component of
recharge to the aquifer unit (Smart, 1976). In recent years, there has been no flow in the Dainton
Stream downstream of the Dainton Sink, whilst flow in Bickley Stream seems to be perennial and is
supported by discharge from a small sewage treatment works upstream of the quarry near to
Compton Pool (SX 863 658) and also by discharges from Stoneycombe Quarry for much of the
time.”
“The main natural discharges from the aquifer are believed to be the Kingskerswell Spring (SX 876
677) and the Stoneycombe Risings (also known as Maddacombe Risings), an ephemeral, higher
level spring which discharges to a spur' off the western bank of Bickley Stream just upstream of
Maddacombe Weir near Stoneycombe Bridge (SX 864 675, elevation approximately 20-25 m AOD)
(Figure 1.1). An ephemeral spring also exists southwest of Kingskerswell (SX 875 674 approximate
elevation 30 m AOD). In addition, scrutiny of OS mapping1 indicates that springs may also emerge
into the valley of the Aller Brook tributary southeast of Kingskerswell (Church) Spring (SX 8787
6771 and SX 8785 6759).”
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“The most important sink-holes are Higher Bickley Sink on Bickley Stream (SX 864 665, elevation
approximately 39 m AOD) and Dainton Sink on Dainton Stream (SX 857 669, elevation
approximately 55 m AOD).”
“Several attempts have been made in the past to seal the beds of both streams, particularly at the
sink-holes. These attempts have only resulted in temporarily reducing leakage as the clay used for
sealing invariably washes away over time. The sink-hole at Higher Bickley was actually unblocked
in September 2011 to allow more leakage to recharge to the aquifer and has remained unblocked
since then.”
“The springs known as Stoneycombe Risings are a group of several springs emerging on the
northern side of Maddacombe Road railway bridge at SX 86448 67560, where the EOL meets the
Watcombe Breccia Formation at an elevation of around 25 m AOD. Smart (1997) reports this spring
grouping to be ephemeral, normally dry during periods of low flow. Recent field visits (May and June
2015) have shown that at least one of the spring locations acts as a sink-hole at times of low
groundwater level, receiving water from Bickley Stream as it ‘backs up’ behind Maddacombe Weir.
The flow entering the sink-hole visibly and audibly increases as the flow in Bickley Stream is
increased when the discharge from quarry dewatering is active.”

Moorcroft Quarry
Description of the surrounding area
4.14.

Moorcroft Quarry, and the extension on the Hazeldene site is situated a short distance to the north
east of Plympton and the outskirts of Plymouth. The closest houses are immediately to the west of
Moorcroft site and about 60m to the south of Hazeldene. Construction of the new town of Sherford,
with some 5,500 houses is at an advanced stage about 1 km to the west. The A379 dual
carriageway leading into Plymouth from the South Hams passes to the south of the quarry. The
Plym estuary is 2.5 km to the east. The now closed Chelston Meadow landfill site lies between the
quarry and the estuary. Other surrounding land is agricultural with scattered farms and dwellings. A
nursery with a large complex of greenhouses lies to the east, and north of the Hazeldene site.
Saltram House is approximately 1.4 km to the north west.

Geology
4.15.

Moorcroft Quarry is located in an outcrop of Middle Devonian Limestone known locally as the
Plymouth Limestone. The deposit is in two main lobes extending westwards to Plymouth under the
Plym estuary and eastwards to below the site of Sherford new town.

4.16.

A map showing Moorcroft and Hazeldene Quarry and the surrounding area with underlying geology
is presented in Appendix 4.3.

4.17.

As reported in the Water Environment Impact Assessment for Moorcroft:
“The Plymouth Limestone aquifer is karstic and characterised by a dual groundwater flow regime,
both with fast flow through a conduit network of fissures and fractures that have been enlarged by
chemical dissolution; and slow diffuse flow through the aquifer matrix. The work by Smart has been
very useful in refining the conceptualisation of the regional flow regime at Moorcroft, indicating that
the groundwater flooding the Hazeldene pit cannot simply be accounted for by contributions from
the sinkhole at Fry’s Nursery but may instead be dominated by inflow from the “diffuse flow" system
due to the hydraulic gradient into the pit. The tracer test suggests it is likely that the water flowing
into the sink at Fry’s Nursery flows into a separate conduit system that completely bypasses
Hazeldene. Water from this conduit system may emerge in Pit 4 as anecdotally suggested:
however, this was not confirmed by the Fry’s Nursery tracer test (the large dilution in this pit may
have prevented this being measured).”
“The Plymouth Limestone aquifer is karstified and contains many caves and sinkholes (Lewis, 1992)
through which groundwater flows rapidly. The aquifer exhibits a dual groundwater flow regime, with
slower diffuse flow through the aquifer matrix, resulting in a bulk transmissivity of approximately 45
m/d (Lewis, 1992). The limestone is likely to be characterised by very low permeability at depth
below the higher transmissivity ‘active* upper part of the saturated aquifer which has been subject to
enhanced dissolution by groundwater flow (estimated to be c. 30 m thick at Moorcroft, Lewis,
1992).“
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“Karstic geomorphological features such as caves and sinkholes, typical of this type of aquifer,
have been reported in this area. A particularly substantial, partially water-filled cave was
encountered in Pit 2 in 1973 when the excavation level was at approximately 20 m AOD.”

Local water environment
4.18.

The description on the hydrology and hydrogeology of the area surrounding Moorcroft Quarry
includes the following:
“The Plymouth Limestone is classified by the Environment Agency as a Principal Aquifer, being
capable of supporting water supply and/or river baseflow on a strategic scale. The aquifer is karstic
and characterised by a dual groundwater flow regime, both with Fast flow through a conduit network
of fissures and fractures that have been enlarged by chemical dissolution: and slow diffuse flow
through the aquifer matrix”
“Regionally, the natural groundwater flow pattern is from east to west towards the estuary. Natural
groundwater levels in the quarried area are understood to have shown minimum levels of between
15 to 20 m AOD at Moorcroft …declining towards the west and the Plym Estuary. Groundwater from
the limestone is reported to discharge at submarine springs in the River Plym and the Cattewater
estuary.”
“The direction of drainage in the local area is generally east to west. The main water course in the
vicinity of Moorcroft Quarry is the Billacombe Brook. Its headwaters are fed by a number of small
streams rising on the slates to the east and north-east of the quarry near the A38 Highway. The
eastern tributary of Billacombe Brook is known as Bridge Stream. The brook flows around and
through the southern edge of the quarry before following the course of the A379 to the River Plym.
being augmented by quarry discharge as it flows past Pit 4.”
“The brook and its tributary are known to lose flow as they pass over the limestone outcrop (the
stream bed elevation is perched above groundwater levels in the aquifer) and both streams can be
considered to be ephemeral. Sinkholes have been observed on Billacombe Brock near to Haye
Road Nurseries. In the past, sealing the sinkholes and stream bed has succeeded in temporarily
reducing the flow of water into the quarry void. Two new sinkholes opened in this area in July 2012
and in May 2013. These were sealed by the quarry as soon as was practical.”
“An active sinkhole complex is located in the vicinity of Haye Road Nurseries. A number of
sinkholes have occurred in the floor of the Billacombe Brook here in the past and attempts have
been made to seal parts of the stream bed with concrete. Anecdotal information from the landowner
suggested that the water from one of the previous sinks had been traced to Pit 4, emerging in the
lower half of the quarry wall.”
“A sinkhole opened up on Billacombe Brook at Fry’s Nursery on Haye Road (NGR SX 53270
54275) in July 2012. At a similar time the lowermost level of Hazeldene pit became inundated by
water. The newly opened sinkhole had developed where the covering of concrete was absent.
Rainfall during this time was well above average and groundwater levels unusually high for this time
of year.”
“The sinkhole and quarry were visited by Amec Foster Wheeler on 15 August 2012 and the
following observations made:


All of the flow in Billacombe Brook upstream of the sinkhole was captured by the sinking
(estimated to be 15-30 I/s). The brook remained dry downstream as far as the quarry discharge
location:



The sinkhole was situated in the southern bank of the stream. It was 0.5-1.0 m in diameter and
water could be seen cascading approximately 2 m down into the hole;



The lowermost part of Hazeldene pit was flooded with a shallow depth of water (estimated to be
0.1-0.5 m);
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and Water was flowing from Hazeldene pit through the tunnel beneath Haye Road into the
lagoon in Pit 4 at a rate estimated to be 20-40I/s (i.e. approximately the same magnitude of flow
as was lost at the stream).”
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5.

Sources of baseline information
Introduction

5.1.

This chapter considers the sources of information drawn upon for the HIA 2020 at Linhay Hill Quarry
and those used in the Water Environment Impact Assessments for Stoneycombe Quarry and
Moorcroft Quarries.

5.2.

Various data sources are used in the preparation of the Hydrogeological Impact Assessment 2020
for Linhay Hill Quarry, with references given within the report and summary provided in the following
table:

Linhay Hill Quarry

Source or Provider

E&JW Glendinning Ltd. – the quarry
operator

Environment Agency

Teignbridge District Council

British Geological Survey

Highways England
Natural England

Data Provided and Used in the Assessment
Past reports on the rock slope stability of existing and proposed
workings at Linhay Hill Quarry.
Quarry topography and development history and historical
photos.
Site investigation and design report for the proposed extension.
Estimated water usage by the quarry.
Measured pumped discharge from the quarry since 2016,
inflows at two locations and recorded water levels in the Balland
Pit and Balland Stream at the quarry since 2017, and recorded
levels at Glentor since end 2018.
Devon Hydrology Strategy 2012 Update.
Locations of licensed surface and groundwater abstractions.
Surface water quality and WFD information such as via its
Catchment Data Explorer and its South Devon WFD
Management Area Abstraction Licensing Strategy.
Rainfall data since 1996 for its station at Bickington.
Locations of Private Water Supplies (provided in 2015, 2017 and
2020).
Geological mapping (1:50 000 scale)
Stratigraphic and lithological information
Borehole locations and aquifer properties.
Report on a responsive visit to a sinkhole at Caton (at the A38
off slip at Goodstone) and of a geophysical investigation at
Alston Farm.
Scans of the A38 record drawings.
Records of investigations of subsidence at and near the A38 off
slip at Goodstone.
Locations and citations of protected sites.

Ordnance Survey

Rainfall estimates for a nearby 5km x 5km square(1958present).
MORECS data for Linhay Hill Quarry / Alston Farm for Jan 2017
to Jan 2020.
Hydrometric register and statistics. 1996-2000 (Marsh &
Hannaford. 2008).
National River Flow Archive data.
Topographic mapping at 1:25 000 and 1:50 000 scales.

Devon and Cornwall Cave Registry

Records of nearby caves.

Met. Office

Centre for Ecology and Hydrology

5.3.

In addition: “Numerous field investigations have been conducted to develop a detailed
understanding of the geology, hydrogeology and hydrology of the Study Area; these are
summarised in Table 4-4. Whilst the majority of these investigations were commissioned by E & JW
Glendinning, the passive seismic surveys were funded by the BGS and carried out in collaboration
with the quarry.”
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5.4.

The following lists the investigations being a replication of Table 4-4 in the HIA 2020:

Table 5-1 - Summary of field investigations – replication of Table 4-4 in the HIA 2020
Type of
investigation

Time
period

Description

Walkover
surveys

2016

Walkover surveys to examine geological features identified on maps and
photographs (Section 4.2.2).

Drilling of
boreholes

19861987

Drilling and installation of three rotary cored boreholes along the south-eastern
boundary of the quarry workings to assess ground stability [12]. Six mineral
exploration boreholes were drilled around this time into the CBLF to the north of
the quarry, near Waye Farm.

2015

Forty ground investigation boreholes drilled within the proposed extension area to
evaluate depth to rockhead [13].

2016

Drilling and installation of 11 shallow groundwater monitoring boreholes around the
edge of the proposed extension area, typically within the top few metres of the
CBLF, or the base of the overlying clay-rich material [14]. Installation details for
these boreholes are provided in Table 4-5Error! Reference source not found.
and borehole logs are provided in Appendix B.

2017

Drilling of nine boreholes, comprising: two deep boreholes into the CBLF within the
quarry; one shallow and four deep boreholes into the CBLF in the proposed
extension area to the northeast of the quarry; and a deep and shallow borehole
pair within the Tavy Formation to the north of the quarry and its proposed
extension area. Seven of these were installed as groundwater monitoring
boreholes, whilst SE1 was not installed due to borehole collapse and LS1 was not
installed due to an absence of water strikes during drilling. Coring of the upper part
of the CBLF was completed in LS1, NE9, NW2 and SE1 to characterise the
distribution of fractures or conduits and to assess the presence or absence of infill
material. Installation details are provided in Table 4-5, borehole logs are provided
in Appendix B and rotary core photographs are presented in Appendix C.

2018

Drilling and installation of four groundwater monitoring boreholes in the base of the
current quarry to assess drawdown around the quarry. Installation details for these
boreholes are provided in Table 4-5 and borehole logs are provided in Appendix B.

2019

Drilling and installation of three groundwater monitoring boreholes in the vicinity of
the Balland Pit, to investigate interactions between the Pit and the adjacent
groundwater system (Sections 4.4.3.3 and 4.5.7). Installation details for these
boreholes are provided in 4.5.

2020

Drilling and installation of 10 groundwater monitoring boreholes, comprising 2
single, shallow boreholes, specifically to investigate groundwater levels near to
surface water courses and 4 borehole pairs to: assess groundwater levels and
trends within the respective shallow and deep parts of the CBLF; investigate
groundwater levels close to surface water courses; and address previously
identified data gaps to the southwest of the quarry, to the south of the A38 and
within the proposed extension area. Installation details for these boreholes are
provided in Table 4-5 and borehole logs are provided in Appendix B.

20142016

Resistivity [15] and electromagnetic conductivity [16] surveys in the proposed
extension area and to the NE of Caton to investigate the thickness of clay cover
overlying the CBLF.

2017

Geophysical logging, comprising natural gamma, temperature and electrical
conductivity in seven boreholes and heat pulse flow measurements in three of
boreholes, to identify the locations of potential flow horizons and the possible
presence of clayey infill material in conduits (Appendix D and Section 4.2.4).

2017

Passive seismic surveying of several transects between the quarry and the village
of Caton to the east, to identify structural features within the CBLF and
characterise the depth to rockhead (Section 4.2.4).

2016-

Monitoring of water levels in groundwater monitoring boreholes, using automated

Geophysics

Groundwater
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Type of
investigation
and surface
water
monitoring

Hydraulic
testing

Tracer
testing

Time
period
ongoing

Description

2016ongoing

Water quality sampling from 30 locations, including streams, ponds, springs, adits,
groundwater monitoring boreholes and selected points within the quarry, with
subsequent laboratory analysis (Section 4.4.8).

2016ongoing

Monitoring of stream stage at eight locations in the Balland Stream, Kester Brook,
Lemonford Stream, Alston stream, Caton stream and Mead Farm stream. At
locations where the drainage channel geometry permitted meaningful analysis,
these measurements were used to estimate stream flows (Section 4.3.5.4).

2015ongoing

Monitoring of seepages and pumped discharges within the quarry, supplemented
by recording of rainfall at Alston Farm and monitoring of water levels in the Balland
Pit (Sections 4.3.2 and 4.3.5.5).

2018

Slug tests on five groundwater monitoring boreholes in the CBLF and two in the
Tavy Formation to assess the hydraulic conductivity of these formations at a local
scale (Section 4.4.4)

2018

Signal test on the quarry sump, involving the cessation of dewatering over a 10day period, to assess hydraulic connections within the CBLF in the quarry and
surrounding area (Section 4.4.7).

2020

Rising head tests on the Balland Pit to assess the connectivity of this feature with
the underlying CBLF, validate flow directions indicated by the quarry water balance
(Section 4.5.6Error! Reference source not found.) and evaluate the large-scale
hydraulic conductivity of the CBLF (Section 4.5.7).

20162020

Injection of tracers at the Alston stream and Caton stream swallow holes to
evaluate hydraulic connections within the CBLF in the vicinity of the quarry
(Section 4.2.7).

dataloggers (15 minute intervals) and manual readings (monthly). At the time of
writing, the monitoring network comprised 33 boreholes, covering the quarry, the
surrounding CBLF and the adjacent Tavy Formation (Figure 4-8. Additional
locations are proposed as part of extended baseline monitoring (Section 6.3).

Stoneycombe Quarry
5.5.

Data sources used in the assessment were listed in a table in Section 3.1 of the Water Environment
Impact Assessment report. That table is reproduced below:

Table 3.1 Data Sources Used in the Assessment
Source or Provider

Data Provided and Used in the Assessment

Aggregate Industries – the quarry
operator

Groundwater levels (1994-present)
Measured pumped discharge from Stoneycombe Quarry (2009present)
Water quality information from within the quarry
Quarry topography and development history

Environment Agency

Locations of licensed surface and groundwater abstractions and
consented discharges
Surface water quality and WFD information

Devon County Council

Water quality information from the quarry surroundings (A380
Kingskerswell bypass Environmental Statement)

Teignbridge District Council

Locations of Private Water Supplies

British Geological Survey

Geological mapping (1:50 000 scale)
Stratigraphic and lithological information
Borehole locations and aquifer properties

Natural England

Locations and citations of protected sites
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Met. Office

Rainfall (1975-present)

Centre for Ecology and Hydrology

Hydrometric register and statistics. 1996-2000 (Marsh &
Hannaford. 2008).
National River Flow Archive

Cranfield University Land Information
System

Soil types

Ordnance Survey

Topographic mapping at 1:25 000 and 1:50 000 scales.

5.6.

In addition a range of investigations were undertaken by or on behalf of the quarry operators or
drawn upon:


Tracer testing of connections from two sinkholes in 1978 commissioned by the quarry operators.



Further tracer tests commissioned by the quarry operators in 1997 of water infiltrating over
Kingskerswell Down and Kingskerswell Spring



Results of a dye tracer test carried out by the water authorities between 1955 and 1960.



Observation boreholes in 7 locations: three of the boreholes providing data at weekly intervals
between November 1997 to September 1999, thereafter hourly until July 2009, and at 15 minute
intervals to date of assessment (April 2015); two of the boreholes became quarried out, one in
in 2006 providing weekly data from 1997 to 1999, and hourly data until December 2006; the
other was quarried out in 2009, providing weekly data from 1997 to 1999, and hourly data until
August 2009. These were replaced by two other boreholes: one of which provided data at
weekly intervals from January 2003, the other at 15 minute intervals from September 2011.

5.7.

Thus the period that all 7 boreholes provided data was between 2003 and 2006. Between 2006 and
2009 data were collected from six boreholes. Thereafter data was available from five boreholes.

5.8.

The two replacement boreholes were used for abstraction for quarry processing. Volumes extracted
were recorded at monthly intervals from January 2003.

5.9.

Groundwater levels for June 2012 were also sourced from two boreholes installed by Devon County
Council as part of the ground investigations for the Kingskerswell Bypass. This appeared to be a
single reading.

5.10.

Watercourse flows were recorded at 4 different locations all commencing in January 2001 at 30
minute intervals. However there was no data recorded between February 2009 to June 2014 at
three of these, and no data between August 2009 and November 2011 in the other one. On
resumption of recording, data was logged at 15 minute intervals.

5.11.

Rainfall was recorded in a gauge at Stoneycombe Quarry at monthly intervals from January 1995.

5.12.

Discharge of water from the quarry to the Bickley Brook was recorded from January 2003 at monthly
intervals. Between January 2004 and December 2006 this was also recorded hourly, but after that
the regime appears to have reverted to monthly intervals.

5.13.

The boreholes, watercourse flow measurements, rainfall data and water discharges were to comply
with a water monitoring scheme agreed as part of the 1999 ROMP. This required the following data
to be collected:


Water level in five boreholes - hourly



Watercourse flows at three locations - hourly



Rainfall on site – daily



Rate of discharge to the Bickley Brook – hourly
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5.14.

The 1999 water monitoring scheme required data to be collated annually and presented in an
interpretive report to Devon County Council. The report was required to make recommendations “for
any necessary modification of the monitoring scheme and identification of the need for remedial
works”.

5.15.

No investigations of water quality in the surrounding water environment were commissioned by the
operators. Surface water quality information was sourced from the Environment Agency for three
locations. These were approx. 1.8km and 1.9km from the quarry. Groundwater quality was sourced
from the two boreholes installed by Devon County Council for the Kingskerswell bypass. These
were approx. 1.3km from the edge of the quarry.

Moorcroft Quarry
5.16.

Data sources used in the assessment were listed in a table in section 3.1 of the report. This table is
reproduced below: The list is very similar to that at Stoneycombe, the few additional sources are in
italics.

Table 3.1 Data Sources Used in the Assessment
Source or Provider

Data Provided and Used in the Assessment

Aggregate Industries – the quarry
operator

Groundwater levels (1994-present)
Measured pumped discharge from Moorcroft Quarry (2009present)
Water quality information from within the quarry
Quarry topography and development history
Groundwater geophysical logging (2015)

Environment Agency

Locations of licensed surface and groundwater abstractions and
consented discharges
Surface water quality and WFD information

Plymouth City Council

Locations of Private Water Supplies

British Geological Survey

Geological mapping (1:50 000 scale)
Stratigraphic and lithological information
Borehole locations and aquifer properties

Natural England

Locations and citations of protected sites

Met. Office

Rainfall (1975-present)

Centre for Ecology and Hydrology

Hydrometric register and statistics. 1996-2000 (CEH, 2003).
National River Flow Archive

Cranfield University Land Information
System

Soil types

Ordnance Survey

Topographic mapping at 1:25 000 and 1:50 000 scales.

5.17.

In addition a range of investigations were undertaken by or on behalf of the quarry operators or
drawn upon:


A tracer test was commissioned by the quarry operators in 2012 to investigate linkages between
the sinkholes at Fry’s Nursery and Vinery Lane. The sinkhole at Fry’s Nursery was subsequently
sealed by the quarry.



Observation boreholes in 9 locations, one of which was a deep and shallow pair. Seven of the
borehole locations were equipped with continuous groundwater level loggers, and were also
manually dipped at quarterly intervals. The remaining two boreholes were only read manually at
quarterly intervals, and one of them was always found to be dry. Due to proximity of the quarry to
the Plym Estuary, geophysical conductivity readings had also been made at 3 of the observation
boreholes and of the water in the quarry sump to check for seawater intrusion into the groundwater.
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5.18.

Watercourse flows were not recorded, nor was there a rain gauge on the site (despite being
required in the water monitoring scheme agreed as part of the 1999 ROMP). Rainfall figures were
derived from Met Office records for gauges at locations 3 kms and 8 km from the site.

5.19.

Discharge of water from the quarry to the Billacombe Brook was recorded at monthly intervals.

5.20.

Water quality at active dewatering sumps within the quarry was tested annually by the EA for BOD,
NH3, pH and suspended solids. From 2012, the quarry operators undertook monthly water quality
checks for pH, oils and suspended solids.

5.21.

No investigations of surface water quality in the surrounding water environment were commissioned
by the operators. Surface water quality information sourced from the Environment Agency as listed
in table 3.1 above was not commented on in the text of the report.
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6.

Uncertainties and Technical issues
Introduction

6.1.

Karst limestone by its very nature presents uncertainties in understanding the detail of the main
characteristics that inform the assessment of the impacts of quarrying and associated groundwater
abstractions. This is clearly recognised by the Environment Agency’s Science Report –
SC040020/SR1, ‘Hydrogeological impact appraisal for dewatering abstractions’, which is the key
guidance reference for such assessments (hereafter referred to as the ‘EA Science Report’). The
EA Science Report includes an Appendix specifically considering karst groundwater systems which
present a revised HIA methodology for karst which can be follow if the predictive elements of the
HIA methodology are not feasible. It states “The default approach should always be to follow the
main HIA methodology, but if the problems posed by the karstic nature of the aquifer are just too
great, then these eight steps are an alternative approach. They should be treated in exactly the
same way as for the main HIA methodology, that is: iteratively; not prescriptively but with flexibility
based on professional judgement; and as part of a tiered risk-based approach.”

6.2.

In addition, investigations will encounter technical issues or practical difficulties in collecting the data
that is used to inform an impact assessment.

6.3.

Therefore this chapter looks at the acknowledged uncertainties and the technical issues
encountered in the respective impact assessments for Linhay Hill Quarry, Stoneycombe Quarry and
Moorcroft Quarry in order to provide some context for understanding the adequacy of the
submission for Linhay Hill. These acknowledged uncertainties are often due to the heterogenous
nature of karst limestone and drawing attention to these uncertainties is not intended to be a
criticism of the work undertaken in the assessments. Nevertheless, because these matters have
been raised by stakeholders in relation to Linhay Hill Quarry’s proposed extension, we specifically
focus on uncertainties in the hydrogeological conceptual model, the cone of depression (i.e. the
extent of drawdown) and the water budget. Other uncertainties are also listed as expressed in the
Assessments.

6.4.

Similarly, comparing the technical issues is simply to illustrate that all hydrological investigations are
subject to practical difficulties, and equally should not be interpreted as a criticism of an
Assessment.

Linhay Hill Quarry
Acknowledged Uncertainties
6.5.

Where data or interpretation of the available information has uncertainty that is acknowledged within
the HIA 2020, from which some examples are replicated below.

6.6.

From the Executive Summary:
“The emphasis on monitoring and mitigation to address the inherent uncertainty in karst
hydrogeology is recognised through the development of a detailed monitoring and mitigation plan,
developed in consultation with the Environment Agency.”
“Due to the heterogenous nature of flow within the shallow parts of the CBLF, there is no reliable
basis for quantifying future inflows to the quarry as the extension progresses. However, the future
maximum extent of drawdown and the quarry’s groundwater catchment are likely to be constrained
by the local topography and the presence of several hydraulic boundaries.”

6.7.

From the HIA 2020 main text:
“Whilst the precise nature and depth of inferred flow zones is subject to uncertainty during drilling,
the results highlight the presence of permeable discontinuities at depth within the CBLF.”
“Uncertainty regarding the elevation of rockhead at the location of the mapped contact (BGS, 1995)
leads to a conservatively high estimate of the dip angle.”
“As a result of these factors, the approach to estimating flow differs in each watercourse, as does
the confidence level of the results obtained. For watercourses that require extended baseline
monitoring to support the monitoring and mitigation plan (see Section 7), proposed monitoring
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arrangements to improve reliability and reduce the level of uncertainty in flow estimates are
presented in Section 6.3.2.”
“At the Kester Brook (MP18) culvert, an area-velocity flow meter was installed between December
2019 and April 2020 to develop a stage-discharge relationship. The relationship was subsequently
extrapolated to stage data collected between October 2018 and December 2019 to generate a longterm flow record, and so there is a higher degree of uncertainty in the flow derived for that period.”
“Additional calibration or hydraulic structures would be required to reduce uncertainty in the
estimation of flow in the watercourses.”
“The cross-section in Figure 4-58 (line of section mapped in Figure 4-57) shows a steep hydraulic
gradient behind the quarry’s northwest face and indicates negligible drawdown within the Tavy
Formation, due to the proximity of groundwater to the surface. The cone of depression around the
quarry may be shallower to the southeast, although precise definition of the quarry’s groundwater
catchment is hindered by the lower density of monitoring boreholes in this area. The shape of the
water table between the quarry and SE3 remains subject to uncertainty, although the possible
presence of a groundwater divide in this area is informed by the following:




the inferred areal extent of the quarry’s groundwater catchment, based on estimated recharge
and measurements of groundwater inflow (see Section 4.6.2);
the steepness of the cone of depression behind the other faces of the quarry, as constrained by
observed groundwater levels in these areas; and
the dip of the CBLF strata to the southeast represents a possible structural control, which may
limit drawdown in this direction, due to the greater likelihood of preferential flow paths running
in the direction of dip, rather than perpendicular to it.”

“Although standard methods are available to estimate open-water evaporation (see Section 4.5.3),
the influences of factors such as local topography, air humidity and wind are not well-constrained for
the Balland Pit, leading to uncertainty in the true magnitude of this parameter.”
“Although groundwater catchment delineation in karst systems is prone to greater uncertainty than
other aquifers, the groundwater levels shown in Figure 4-53 and Figure 4-59 suggest a fairly
predictable cone of depression around the quarry.”
“Inferring the quarry’s current extent of drawdown provides a useful basis for identifying both
receptors that may currently be impacted by the quarry and receptors that may be impacted in the
future following proposed deepening and extension of the quarry (see Section 6.2). Whilst the area
currently affected by drawdown from the quarry is subject to uncertainty, the indicative extent shown
in Figure 4-91, which covers approximately 1.4 km2, is constrained by the following factors:”
“The heterogeneity present within the CBLF means that most commonly used analytical and
numerical methods are of limited value in predicting quantitative effects of the dewatering during
quarry extension. Therefore. whilst the conceptual model (Section 4.7) highlights several constraints
on the future extent of dewatering impacts, and addresses the most recent Regulation 22 Request
for more information in this regard (Wood, 2020), the projections discussed in Section 5 remain
subject to uncertainty. As such, it is appropriate that ongoing monitoring and mitigation forms a key
element of this document, in line with current Environment Agency guidance on karst dewatering
assessments (Environment Agency, 2007).”
“As described above, there are several conservative assumptions inherent in the projected
groundwater catchment and drawdown extents shown in Figure 5-2 and Figure 5-3. However, this
level of conservatism is needed to manage the uncertainty present in karst systems and provide a
suitable basis for the design of monitoring and mitigation measures.”
“Whilst the projected maximum extent of drawdown is based on a detailed conceptual model of the
site and multiple lines of evidence, in common with all hydrogeological projections, it remains
subject to residual uncertainty.
“The consideration of potential receptors within this 1 km ‘buffer zone’ and the inclusion of
monitoring locations to identify departures from the projected extent of drawdown (Sections 6.3 and
7) addresses this residual uncertainty and takes a precautionary approach to managing potential
impacts.”
“A programme of ongoing monitoring, periodic review and mitigation to address uncertainty in the
extent and magnitude of future impacts is described in Section 7.”
“Whilst no impacts are predicted in the more distal parts of the Study Area, all hydrogeological
assessments are subject to a degree of uncertainty. This uncertainty is greater in karst systems,
where groundwater flow may be concentrated in a relatively small number of preferential pathways.”
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Technical Issues
6.8.

Technical issues and practical difficulties referred to in the " HIA are:
“Due to its large diamater, a heat pulse flow meter could not be run within 50 mm installations,
although this method was used to log NW2 prior to installation (as was the plan for each borehole
but they were deemed not sufficiently stable)…”
“Passive seismic surveying completed by the BGS in 2017 for research purposes (Morgan, et al.,
n.d.) also supports the idea that the superficial deposits thicken substantially to the north of the
village of Caton, although the ability of the technique to pick out local variations in depth to rockhead
appears limited.”
“Following the January 2020 injection, a single, weak detection of fluorescein was encountered in
the River Ashburn (M1), although fluorescein was not detected during re-analysis of the same
January 2020 sample. Whilst a strong fluorescein detection was recorded at the northeast face
fracture (M2), there were no detectable concentrations in Level 7 of the quarry (M4A and M4L), or in
the Level 6 holding tank (M3), which receives water from both the sump and the northeast face
fracture before discharging to the Balland Pit and ultimately, the Balland Stream. Whilst dilution of
the water from the northeast face fracture explains the non-detectable concentrations at M3, there
appears to be no clear mechanism for fluorescein dye to bypass the quarry and reach the River
Ashburn at M1”.
“Additional monitoring locations (M8-M13) were included between the quarry and M1 for the March
2020 phase of testing. There were no detections at M1 or at the additional monitoring locations
following fluorescein injection at the Alston stream swallow hole, demonstrating that the earlier,
weak detection at M1 was most likely spurious and derived from a local source in Ashburton. It is
notable that excavations associated with a new housing development are located immediately
upstream of M1. Water passing through urban developments can have elevated background
fluorescence from cleaning products input to watercourses from sewer misconnections and septic
tank outfalls, whilst readily available drain trace substances used to establish urban drainage
connections contain sodium fluorescein.”
“In the Kester Brook, partial collapse of the stream bank during wet conditions has led to substantial
changes in the stage-discharge relationship over time.”
“The Kester Brook in particular carries large volumes of debris during wet conditions and is also
affected by seasonal vegetation growth, leading to a dynamic stage-discharge relationship.”
“The watercourses monitored generally have a high degree of roughness, with beds of earth or
coarse gravel and cobbles with moss or algae growth. Irregularities and occasional obstructions
were encountered at the sites, along with stone or earth, with much seasonal vegetation and debris.
It is recognised that at most natural stream locations the true stage-discharge relationship is likely to
vary, due to changes in vegetation and sediment load, and rapid changes in flow.”
“Where short-term anomalies or gaps were present in the flow data (arising from factors such as
temporary blockage of the channel or power outages), linear interpolation was used to infer stream
flows. However, the water level data acquired from MP13 at Alston Farm was found to be so highly
variable, with sudden changes in levels not wholly consistent with rainfall events, that the data are
considered unsuitable for flow estimation.”
“Water in the Alston stream commonly goes to ground before reaching the pipe under the A38
(MP14), as shown in Figure 4-37. The inlet grill to the pipe regularly collects vegetation debris,
inhibiting flow. As such, recorded water levels within the measurement apparatus were found to
exceed the soffit of the adjacent pipe at times, although the pipe is likely to only be partially full
downstream of this debris, due to uninhibited drainage within the pipe and at its exit. It has not been
possible to derive reliable flow estimates at MP14 as a result, although the water level data, shown
in Appendix G, indicate the frequency at which water reaches the inlet to the pipe under the A38.”
“The data gap in Q6 for much of 2019 reflects damage to the datalogger from the use of explosives
during ongoing quarry excavations, whilst a similar data gap is apparent for Q3.”
“No monitoring data were available from Q7 during the test, due to failure of a datalogger….”
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Stoneycombe Quarry
Acknowledged Uncertainties
6.9.

The Water Environment Impact Assessment for Stoneycombe expresses uncertainties in relation to
the hydrogeological conceptual model, the cone of depression (i.e. the extent of drawdown) and the
water budget. These uncertainties result in lowered confidence in the impacts on two natural
discharge locations, Stoneycombe Risings Kingskerswell Springs. Some illustrative extracts from
the report are as follows:
“[A] Groundwater divide probably exists beneath Kerswell Down Hill, but uncertainty exists with
regard to its position and the groundwater flow regime between the quarry and Kjngskerswell.”
“However, if the lowered water table at the quarry has propagated through the aquifer to affect
groundwater levels beneath Kerswell Down (for example, at the Kennels observation borehole), this
would also have an effect on flows at Kingskerswell Spring. The magnitude of any such effect is
uncertain given the uncertainty over the effect on groundwater levels and also lack of understanding
of the quantitative importance of recharge at Higher Bickley Sink to the flow at Kingskerswell Spring.
Work in September 2011 to open up the Higher Bickley Sink will have affected the hydrology of the
system and may mitigate the impact of future dry spells on spring flows”.
“There is uncertainty regarding the impact of dewatering on the discharge at Stoneycombe Risings.
It is known that the springs here are ephemeral and only flow at times of high groundwater level.
Recent observations indicate that one spring here acts as a sink. Recharge occurs at this sink at
times of quarry discharge where flows tend to ‘back up’ at Maddacombe Weir. This influx to the
limestone may compensate for some loss of groundwater from dewatering and may help sustained
groundwater levels at Car Park borehole.”
“Scoping calculations indicate that the radius of influence around the sump is between 450 m and
750 m. However, it is difficult to determine the true spatial extent of groundwater drawdown In the
limestone from the available monitoring data. Specifically, it is uncertain how far the cone of
depression and area of influence surrounding the quarry has propagated through the aquifer and
the extent to which this influence may have affected groundwater levels beneath Kerswell Down and
spring flows at Kingskerswell Spring. Additionally, impacts on groundwater level are likely to be
irregularly distributed within the limestone due, to its heterogeneous nature; the nature of any barrier
effects provided by the faulted contacts with other strata to the south, west and northwest and the
effects of enhanced influxes to the aquifer from Higher Bickley Sink, leakage from Bickley Stream,
Dainton Sink and periodically at Stoneycombe Risings.”
“Table 4.6 shows that levels in the quarry in October 2011 were between 2.6 m lower (Old Well) and
4.2 m lower (New Well) than in 1976 prior to dewatering. Given the broadly similar amounts of
rainfall in the two years preceding the low groundwater levels in 2011 and 1976, it is reasonable to
explain some of this difference in levels as a change in the water table elevation within the quarry
due to deepening of the quarry sinking and lowering of the water table by dewatering.”
“Although the above provides one plausible explanation for the relative behaviours of groundwater
levels at Car Park, New Well and Workshop, uncertainty still exists regarding the hydrogeological
regime in this part of the limestone outcrop area, including whether groundwater flow in this area is
currently toward the quarry or toward Kingskerswell.”
“Apart from the outputs at Kingskerswell Spring and Stream and from groundwater abstraction from
wells, and perhaps the input from recharge at Dainton Sink, there is a significant degree of
uncertainty regarding the other elements of this water balance. In addition, the water budget for the
EOL outcrop area assumes that there is now lateral groundwater inflows to or outflows from the
water budget area and that flows at Maddacombe Weir and Kingskerswell Stream (fed by
Kingskerswell Spring and the ephemeral spring to the south). As mentioned in the conceptual
understanding, this assumption may be considered broadly reasonable for the south, west and
northwest boundaries of the budget area, but may not fully reflect the outputs north, northeast and
east where additional outputs via thin Watcombe Breccia and/or to the unnamed tributary east of
Kingskerswell Stream cannot be discounted.”
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“Given the uncertainties currently inherent within the water balance and conceptual understanding,
a very simple empirical approach has been adopted for estimating dewatering quantities in the
future.”
“Uncertainty exists with the conceptual model in regard to the hydrogeological relationship between
Stoneycombe Quarry and the spring discharges at Kingskerswell which, especially during summer
months and periods of low rainfall, provide the majority of flow in Kingskerswell Stream.”
“Until this uncertainty has been reduced, the significance of any effects on the spring as a result of
dewatering using a significantly lower sump in the future cannot be defined with confidence. In
addition, if mitigation is required in order to support flow in Kingskerswell Stream, methods by which
such mitigation can be achieved cannot be fully explored until the conceptual model is better
understood.”

Technical Issues
6.10.

The technical issues and practical difficulties referred to in the Water Environment Impact
Assessment for Stoneycombe Quarry are revealed in the following extracts:
“Surface water flow measurements have been recorded at four monitoring points (Figure 2.1) since
late 2000, although there are significant gaps in the data record, especially between 2007 and 2012
and again in 2013/14 when data loggers were damaged during periods of high flow and/or while the
weirs were being refurbished in May-June 2014. “
“The maximum flow for which the [Bickley] weir is calibrated is 9.6 Ml/d (above this the weir
overtops) therefore much of the higher flows are out of range. However, the accuracy of
measurement of high flows is considered to be of less importance compared to low flows at this
location. “
“Calculated flows at Dainton Weir between September 2011 and June 2014 are considered
unreliable due to the erratic nature of observed fluctuations compared to historical data and possible
damage to the datalogger “
“Average total flow at Maddacombe Weir (excluding suspect data) over the period covering June
2014 to April 2015 are 9.4 Ml/d, which is approximately 2.6 Ml/d higher than average flows over the
same period at Bickley Weir (6 8 Ml/d), suggesting an overall gain in flow is produced, mainly by
dewatering discharges overcoming ‘natural’ losses from the stream bed (including sink-holes)
between the two weirs.”
“During the winter period of November 2012 to March 2013 however, unexplained reductions in
flows [at Kingskerswell Stream] were recorded, with two periods of zero flow. The reason for this
change in the pattern of flows is unknown and may be due to disturbance of the logger by persons
unknown, as comparison to nearby groundwater levels at Kennels borehole would suggest that
spring flow should have generally been higher at this time.”
“In June 2013 , it appeared that flows at Church had been increasing rather than showing the
expected summer recession. This was caused by partial damming of the watercourse through the
use of large heavy blocks by persons unknown which resulted in and artificially high stage being
maintained at the weir. The removal of these blocks occurred at the beginning of July 2013
evidenced on the Church hydrograph by a sudden reduction in stage and calculated flow.”
“Throughout July to mid-September 2013, flow at Church generally remained below 1 Ml/d and was
un-recordable for the majority of August, presumably because the stage fell below the level of the
datalogger.”
“It is noted that the tracer tests which have previously provided valuable insight to the groundwater
flow regime across the EOL outcrop area were mostly carried out prior to commencement of
dewatering at the quarry and, hence, may not reflect the flow regime that now exists.”
“An error in the measurement datum for water levels at Kennels borehole prior to 2010 means that
the historical data appear to be offset from the recent data (Amec. 2015).”
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“Water levels within the quarry are currently monitored at the abstraction wells, New Well and Old
Well, approximately 200 m apart. These wells are closest to the quarry sump, located c.300 and 400
m away respectively. The nature of the hydrographs from these boreholes are similar to one another
although the absolute groundwater levels are notably different (levels at Old Well are c 8 m lower ,
Figure 4.8). The difference in absolute level is believed to be caused by data error, although this
has yet to be confirmed. The effect of pumping at New Well is evident when looking in detail at the
time series (Appendix E), which shows drops in level of 2 to 3 m lasting for 30 to 120 minutes during
pumping. Full recovery of groundwater levels at New Well , following each abstraction session is
achieved after 1- 2 hours.”

Moorcroft Quarry
Acknowledged Uncertainties
6.11.

The Water Environment Impact Assessment for Moorcroft is a high level assessment, with twelve
pages devoted to the description of baseline environment and two pages to the hydrological
conceptual model and water budget. Therefore it is clear that the model was not described in any
great detail, and by the same token the Assessment includes little comment about the model itself.
Concerning the water budget the following is relevant.
“There is a notable degree of uncertainty in the water budget as it shows that outputs considerably
outweigh inputs. Information received from the quarry indicates that measured discharge rates are
probably overestimated as the pipe to the discharge meter does not flow full bore. Consumption of
water on site is not recorded and may be significant. In addition, diffuse leakage from streams is not
included in the budget due to the difficulty in estimating this rate. Transmissivity, a significant
component of calculating groundwater inflow to Pit 4, is difficult to estimate given the karstic nature
of the limestone, with values ranging between 1 and 247 m2/d (BGS, 2000). The groundwater flow
through the limestone may contribute considerably more than the calculated average due to high
flow through open fissures. The closer balance of the water balance using maximum values for
inputs and outputs, in particular the value used for the transmissivity, implies that this is a key area
of uncertainty. A transmissivity of 142 m2/d would result in a balance of the current maximum
calculation, although this does not address the issue of the overestimation of the discharge rate.
Ongoing monitoring should attempt to reduce the uncertainties in this water budget, particularly with
regards to discharge rates.”

6.12.

The Assessment does not include any attempt to define the extent of the cone of depression or
drawdown area associated with Moorcroft Quarry. However the following may be relevant:
“Surface runoff and returned process water are both directed lo Pit 4 to settle prior to discharge to
Billacombe Brook along with dewatered groundwater. Water from Pit 4 is also used in the site
operations. Groundwater levels in the limestone have only risen slightly following the cessation of
workings in Pit 4 in 2005. The lack of a significant response to dewatering and recovery in local
observed groundwater levels indicates that steep hydraulic gradients had developed around Pit 4
during dewatering. This is a common feature of heterogeneous karstic aquifer systems because the
more permeable parts of the aquifer may not be well connected (Blue Circle Industries, 1990; Lewis,
1992; Lewis 2002);”

6.13.

Other uncertainties noted in the Water Environment Impact Assessment are as follows:
“There is currently no control of the site dewatering discharge to monitor whether there is capacity in
the downstream Billacombe Brook for the agreed discharge rate during periods of heavy rainfall and
increased runoff;”
“The total quantity of water discharged from the header tank to Billacombe Brook has been recorded
monthly by the Quarry Manager since March 2009. Recorded discharge has varied from zero
(summers of 2009, 2010, 2011 and 2014) up to a maximum of 28 Ml/d (April 2014), well below the
maximum consented discharge rate of 39.95 Ml/d. However, information received from the quarry
indicates that measured rates may be overestimated as the pipe to the discharge meter does not
flow full bore. Further investigation is required to understand if this applies across the whole record
or just during times of low flow. Caution is therefore recommended in any detailed interpretation.”
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“The historical record of discharge rates to Billacombe Brook is relatively sparse. However, data for
2001 and 2002 suggest that typical rates of discharge to the Brook were at or above 6-7 Ml/d
throughout this period, peaking at 25 Ml/d during the wet winter of 2001 (Lewis, 2011), well below
the maximum consented discharge rate of 39.95 Ml/d. These rates are consistent with current rates,
but the quarry was being dewatered to -50 m AOD in 2001-02 and therefore comparatively higher
rates of discharge may have been expected (noting that the accuracy of the discharge
measurement is under question)”
“As noted in the Baseline Assessment, current measurement is considered to be inaccurate due to
the fact that measured rates may be overestimated as the pipe to the discharge meter does not flow
full bore. This meter needs to be moved to a more appropriate location;”
“Rainfall at Moorcroft quarry is estimated to average 1092 mm/a (January 1975 to December 2013)
based on data from nearby rain gauges (Table 4.1). Unfortunately, there is no monitoring of rainfall
within the quarry so it has not been possible to validate this estimate. However, the estimate is
consistent with Met. Office data for the South West England region (CEH, 2003).”

Technical Issues
6.14.

The technical issues and practical difficulties referred to in the Water Environment Impact
Assessment for Moorcroft are revealed in the following extracts:
“Information received from the quarry indicates that measured discharge rates are probably
overestimated as the pipe to the discharge meter does not flow full bore. Consumption of water on
site is not recorded and may be significant.”
“Higher recent minimum levels are noted at Hayes Garage and recent levels at Nursery borehole
are also higher, both in terms of the minimum and maximum level suggesting that previously these
boreholes were more affected by dewatering activities than they are at present (although it is
queried as to whether or not in the past the data logger at Nursery was previously out of range at
times of high levels);”
“Recent levels are similar to historical levels at Farm and Water Tower (deep) boreholes to the east
of the quarry, although the latter appears to be blocked at around 18.2 m AOD;”
“Recent levels from the RMC Cowfield borehole are also higher than those in the historical record,
and the recent hydrograph pattern is markedly different, characterised by smaller fluctuations and
flat-lining at 12.8 m AOD (not observed historically). This suggests that previously this borehole was
more affected by dewatering activities than it is at present (c.f. location near to Pit 4 - extraction to
2005 to a maximum depth of -51 m AOD, with levels since recovered to 8 m AOD - and also at
Hazeldene). This borehole is only 100 - 200 m away from the Haye Road sinkholes and levels
monitored may be influenced by an unknown karstic feature. Levels may also be influenced by the
level of the floor of Hazeldene pit (extraction 2005 to present, maximum depth 12 m AOD) which is
drained into Pit 4.”
“The range of values for each of the boreholes is shown in Table 4.6. Primary borehole is blocked at
a depth of 31.4 m below ground level although it has been drilled to a depth of some 100 m,
possibly due to the damage it sustained from recent stockpiling of material at this site.”

Atkins | 5151424 | 1.0 | July 2020

Page 28

Proposed extension to Linhay Hill Quarry
Comparative Overview of Submitted Information

7.

Monitoring and Mitigation
Introduction

7.1.

Chapter 5 described the sources of baseline information used to inform the HIA 2020 at Linhay Hill
Quarry and the Water Environment Impact Assessments for Stoneycombe and Moorcroft Quarries.
This chapter looks at the monitoring and mitigation schemes recommended at the conclusion of the
assessments to check for evidence of potential effects from future quarrying in each case.

7.2.

Each quarry adopts a ‘monitor and mitigate’ approach in line with the recommendations of the EA
Science Report, with provision for the monitoring and mitigation scheme to be reviewed at
appropriate intervals.

Linhay Hill Quarry
Mitigation
7.3.

A ‘Monitoring and mitigation plan’ is set out in Section 7 of the HIA 2020. Section 7.2.2 provides a
summary of the planned mitigation measures:


“Current mitigation measures. As shown in Sections 4.3.5.5, 4.5.6 and 4.5.7, the
maintenance of water levels in the Balland Pit currently mitigates drawdown of groundwater
levels in the CBLF during summer, whilst discharge from the quarry to the Balland Stream
mitigates impacts to flow in the Balland Stream and potential drawdown to the southwest of the
quarry attributable to dewatering. The presence of a natural groundwater divide to the
northeast of the proposed extension area, that aligns with the Alston stream (see Figure 4-53 to
Figure 4-56), indicates that the majority of the groundwater catchment shown in Figure 4-90
lies within the groundwater catchment of the Balland Stream and hence, it is important that
these mitigation measures are maintained.



Proposed mitigation measures. As indicated in Sections 5 and 6, the most significant
potential impacts associated with the proposed deepening and extension of the quarry lie to the
northeast of the proposed boundary and as such, the major focus of proposed mitigation
measures is in this area. The ability of the Balland Pit to influence groundwater levels and flow
over a significant area suggests that a similar feature to the northeast of the quarry would
control groundwater levels in the east of the extension area. This feature, in conjunction with
infiltration along an unlined section of the diverted Alston stream to the east would maintain the
current groundwater divide in this area. It is proposed that these mitigation measures, which
are described further in Sections 7.2.3 and 7.2.4 respectively, are implemented at the start of
Stage 2, prior to bunding around the Alston stream swallow hole and additional dewatering of
the quarry below the depth limit imposed by the current planning permission. As shown in the
design drawings for the quarry, a separate channel at the base of the bunds will collect run-off
and convey this water to a series of detention basins to remove sediment, prior to the channel
converging with the diverted Alston stream at the south-western edge of the proposed
extension area, where an existing pipe (Figure 4-37) will convey water under the A38 via its
normal route during periods of heavy rainfall.

Contingency measures. The proposed mitigation measures are expected to limit the areal
extent of impacts to the northeast of the proposed extension area, whilst to the east and
southeast, there is no evidence of substantial baseflow to the Mead Farm stream/Kester Brook
within the projected groundwater catchment. However, in the event that continued monitoring
shows derogation of flow within the Kester Brook, compensation flows to the Caton stream are
proposed at the location shown in Figure 7-1. This contingency measure is described further in
Section 7.2.5. Contingency measures for enhancing infiltration from the balancing pond and the
unlined section of the diverted Alston stream are described in Sections 7.2.3 and 7.2.4.
Additional contingency measures for potential impacts to private water supplies are discussed
in Section 7.2.6.
The effectiveness of mitigation measures will be regularly assessed throughout the period of the
proposed development, through ongoing monitoring and reporting to the Mineral Planning
Authority, comprising comparisons of impacts against agreed trigger levels and periodic reviews of
the monitoring and mitigation plan in consultation with the Mineral Planning Authority and the
Environment Agency (Sections 7.3, 7.4 and 7.5).”
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Monitoring
7.4.

‘Ongoing monitoring’ is outlined in the HIA 2020 Section 7.4 by way of reference to the monitoring
programme detailed earlier in the HIA 2020 Section 6.3. That monitoring programme details
monitoring of 14 locations, with regular measurements of water levels and water quality and flow,
with associated quality control procedures, and “it is envisaged this continued baseline monitoring is
undertaken unchanged over a period of three years post-determination, in conjunction with
continued monitoring of flows and water levels in the quarry (Section 4.3.5.5 and rainfall monitoring
at the Alston Farm rain gauge (Section 4.3.2).”

7.5.

The monitoring programme includes monitoring of control locations beyond the area with potential to
be impacted by quarry operations, and an articulated approach to setting trigger levels. It was
proposed that the approach to setting trigger levels and the suitability of control locations should be
assessed further once baseline monitoring has been completed.

Stoneycombe Quarry
Mitigation
7.6.

Mitigation measures identified in the Water Environment Impact Assessment for Stoneycombe were
set out under three main headings: 1. Possible mitigation for Kingskerswell Spring and Kingskerswell Stream
“At present, Kingskerswell Spring and Kingskerswell Stream are deemed to be the only receptors
potentially vulnerable to the hydrogeological effects of dewatering at Stoneycombe Quarry. Should
monitoring in the future indicate that dewatering at the quarry is likely to cause a significant effect,
an agreed protected flow regime in Kingskerswell Stream should be agreed in consultation with the
EA. along with trigger levels' which would instigate use of an agreed mitigation method.”

No specific mitigation method to support flows in these streams was identified in the scheme,
although the following methods were listed as “may warrant further careful consideration in the
future:


Surface water transfer. Support to Kingskerswell Stream by means of transfer from other
watercourses such as the tributary to the east or from the upper reaches of Aller Brook.



Groundwater (borehole) support. Support provided by groundwater abstraction and
transfer to the upper reaches of Kingskerswell Stream.



Enhanced input at Stoneycombe Risings. If sufficiently effective hydraulic connectivity
exists between Stoneycombe Risings and Kingskerswell Stream, repositioning of the
dewatering discharge location, such that input to the limestone is enhanced at the former,
may help maintain discharges at Kingskerswell Spring.”
2. Capacity of the dewatering pump

“With regard to operation of the dewatering system, it is likely that the capacity of pumping
equipment will require upgrading in order to cope with increased inflow to the quarry, especially
during winter months.”
3. Measures to address flooding on Bickley Road
“In addition, mitigation may be required in the future in order to prevent excessive flooding on
Bickley Road and other land downstream of the quarry dewatering discharge location. The
mitigation will be dependent on evaluation of the true capacity of the stream, as well as consultation
with the EA, Mineral Planning Authority and Highways Agency. Depending on consultation,
mitigation measures could include (not exclusively), Bickley Stream stage/flow thresholds above
which discharge to the stream is restricted and/or quantitative limits on the discharge consent itself.”
Monitoring
7.7.

The recommended monitoring scheme for Stoneycombe Quarry in the Water Environment Impact
Assessment set out to achieve the following:


“Improve confidence in the conceptual model, in particular the hydraulic relationships
between the quarry, Bickley Stream (including Bickley Sink), Stoneycombe Risings (as a
spring and as a sink-hole) and Kingskerswell Spring;
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7.8.



Reduce uncertainty in the water budget for the EOL outcrop area, including whether
significant additional outflows exist beyond the outcrop area and to the unnamed tributary
east of Kingskerswell Stream;



To increase confidence in the evaluation of any impacts which arise specifically as a result
of dewatering at Stoneycombe Quarry;



To identify potentially viable options for mitigation should it be shown that dewatering at
Stoneycombe Quarry is likely to have a significant detrimental effect on discharges at
Kingskerswell Spring and flows in Kingskerswell Stream; and



To identify suitable indicators or trigger levels that will instigate mitigation in order to
counteract the effects which are deemed to arise as a direct consequence of dewatering at
Stoneycombe Quarry.”

A raft of elevation surveys was set out to check the levels of existing monitoring locations, streams,
springs and sink-holes. Two additional boreholes were recommended as follows:
“The impact assessment has identified Kingskerswell Spring and Kingskerswell Stream as
being potentially vulnerable to the effects of dewatering at Stoneycombe Quarry. However,
greater understanding of the area of influence from the quarry and on the groundwater flow
regime within the EOL outcrop area is required in order to provide greater confidence in the
results of the impact assessments (baseline and future) and to identify feasible options for
potential mitigation should it be deemed necessary in the future. With this in mind, two
additional monitoring boreholes would be beneficial as follows:

7.9.



Between Car Park and Kennels. This would provide insight to the groundwater flow
regime between Stoneycombe Quarry and Kingskerswell, including the existence of a
groundwater divide and how the nature of the divide varies in time



Adjacent to Bickley Stream east of the sump. This would provide insight to the
hydraulic relationships between Higher Bickley Sink. Bickley Stream and quarry
dewatering. It would also provide insight to the groundwater flow regime between
Higher Bickley Sink and Kingskerswell Spring and patterns of groundwater flow from
beneath the high ground between Bickley Stream and Kingskerswell.

With these two additional boreholes in place, the following monitoring recommendations were set
out:1. Rainfall at the site office - Daily;
2. Rale of discharge to Bickley stream - Hourly;
3. Rale of flow in:


Bickley stream above and below the limestone outcrop - Hourly;



Dainton stream above the limestone outcrop - Hourly;



Kingskerswell stream adjacent to the Church - Hourly.

4. Water level in six boreholes across the limestone outcrop - Hourly
“The data would to be collated annually and presented in an interpretive report to Devon County
Council. The report will include a review of data and the groundwater regime. Recommendations will
be made for any necessary modification of the monitoring scheme and identification of the need for
remedial works.
“In addition to the annual collation of data the operator will produce an impact assessment in
relation to the groundwater regime prior to each occasion when the working depth of the site is
lowered by a further 15 metres with the first such assessment being undertaken prior to the working
depth exceeding ordnance datum.
“In the event that monitoring demonstrated that there was a significant probability that future
quarrying is having a detrimental effect, the operator was to submit a remedial scheme and
following approval to effect the remedial scheme in such reasonable time as may be specified.
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“In the meantime the quarry was not to be deepened below its base level the developer will not
deepen the site below its base level at that time until appropriate remediation measures are in place
and have been deemed to be reasonably satisfactory by the Mineral Planning Authority, such
satisfaction not to be unreasonably withheld or delayed.”
Approved Monitoring Scheme
7.10.

The approved Water Monitoring Scheme included all above monitoring recommendations.

7.11.

In a separate submission under the requirements of a condition on the ROMP consent, trigger levels
for the quarry discharge were calculated to address the recognised flooding problem at Bickley
Road. The trigger levels were subsequently submitted for approval.

Moorcroft Quarry
Mitigation
7.12.

Mitigation measures set out in the Water Environment Impact Assessment for Moorcroft Quarry
consisted of improved monitoring and measures to address potential flooding in two locations
nearby. The measures to address flooding included resolving a maintenance issue with the
developers at the Sherford new town; defining a trigger threshold for pumping of discharge water
into the Billacombe Brook; and by not increasing discharges to the Billacombe Brook during periods
of heavy rainfall and increased runoff.
Monitoring

7.13.

The Water Environment Impact Assessment recommended a number of changes to the previous
monitoring regime at Moorcroft Quarry. The scheme recommended two existing boreholes to be
removed from the scheme and replaced by a new borehole. The resulting scheme had the following
elements:
1. Dewatering quantities to be measured monthly;
2. Rainfall on site to be measured daily by installing a meter on site;
3. Water level in eight boreholes across the limestone outcrop measured with
continuous loggers and quarterly manual dips.
4. A need to agree a regime for monitoring water quality at active dewatering
sumps.

7.14.

The Assessment recommended some previous monitoring actions from the previously approved
scheme to be discontinued. These were


Stream flows at sites identified by baseline conservation survey



Conductivity in boreholes and in active dewatering sumps (to check for indication of
seawater intrusion or contamination from Chelston Meadow).

Approved Monitoring Scheme
7.15.

Following recommendations from the Environment Agency, a number of changes were made to the
range and frequency of the various elements of the Monitoring Scheme proposed in the
Assessment. The approved Monitoring Scheme was as follows:
“1. Monthly records to be maintained of dewatering quantities, water level in sumps and silt
lagoons and discharge location. Pumped volumes to be recorded for both dewatering from
sumps and silt ponds and discharge from silt ponds to stream.
2. Daily measurements of precipitation at Moorcroft.
3. Continuous groundwater level measurement by logger of [eight] monitoring boreholes… with
quarterly manual measurement...
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4. Groundwater samples to be collected annually at Office borehole and at least one other and
analysed for major ions (which includes chloride) and ammoniacal nitrogen (NH3)
5. A water sample to be collected annually at active quarry dewatering sumps and analysed for
major ions (which includes chloride) and ammoniacal nitrogen (NH3).
6. All active dewatering sumps to be monitored at monthly intervals by the quarry operator for
pH, oils and suspended solids and at least quarterly by the Environment Agency for flow, BOD,
pH and suspended solids.
All information to be collated quarterly. Variations and ambiguities to be investigated. The MPA
to be notified by the Developer any changes indicated by the monitoring data in the
surrounding hydrogeological regime not predicted by the annual audit. Annual Audit of all
monitoring data to be presented including a report which details:
i) A review of all monitoring specified in the monitoring plan;
ii) An overview of site development;
iii) Recommendations, where appropriate, for further investigation or for
amendments to the monitoring plan, and [for] implementation of the
recommendations and any further recommendations required by the MPA.”
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8.

Summary and Conclusions
Summary

8.1.

This report is to accompany the submission of the Regulation 22 Response #5 for Linhay Hill Quarry
providing further hydrogeological and land stability information to accompany the planning
application for the extension of Linhay Hill Quarry. It contains a comparative overview of information
in the Regulation 22 Response alongside that which was submitted for mineral planning permission
reviews to assess the impacts of future quarrying at Stoneycombe and Moorcroft quarries.

8.2.

The purpose of this review is to illustrate the level of detail provided regarding hydrogeology and
land stability in the Regulation 22 Response for Linhay Hill Quarry, and to provide an overall
comparison of the level of detail available to the respective Mineral Planning Authorities for
Stoneycombe and Moorcroft Quarries at the point of determination on those topics.

8.3.

Although it is acknowledged that there are differences between the three sites and the operations
for each quarry, it is considered that the geological contexts and nature of the proposals in each
case have sufficient features in common to enable such a comparison to be made. In particular
each quarry is producing significant volumes of limestone aggregate and associated products within
Devon from Devonian limestone deposits with karst characteristics, which extend below nearby built
up areas and strategic transport infrastructure.

8.4.

All the quarries involve extraction below the natural groundwater level: Linhay Hill Quarry to 0 m
AOD, Stoneycombe Quarry to 40 m BOD (below ordnance datum) and Moorcroft Quarry to 84 m
BOD.

8.5.

Attention is drawn to the position that the Assessments for Stoneycombe and Moorcroft Quarries
are Reviews under the ROMP procedure, whereas the HIA and LSRA for Linhay Hill Quarry are in
support of a planning application. Nevertheless, both types of application are subject to the same
EIA Regulations which defines the information for inclusion in environmental statements. In addition,
future operations at Linhay Hill Quarry will also be subject to the ROMP procedure, and moreover
the plans are sub-divided into separate stages, providing scope for a condition concerning further
reviews, if required, in advance of commencement of each stage.

8.6.

This report includes descriptions of a range of different aspects of the respective assessments, viz
the planning context, geology and water environment, sources of baseline information and
investigations carried out, the uncertainties and technical issues, and the respective monitoring and
mitigation recommendations and approved schemes. The descriptions include extracts quoted from
the respective assessments to illustrate the levels of detail and aspects of uncertainty in the
understanding of the baseline situation (conceptual model) and the potential effects of future
quarrying.

8.7.

Consideration of the uncertainties and technical issues encountered in each assessment is included
because these matters have been raised by stakeholders in relation to the proposals at Linhay Hill
Quarry. The findings illustrate the following in respect of the information about the hydrogeological
environment:


Attention is drawn to the uncertainties in respect of the water balance for both Stoneycombe
and Moorcroft quarries, described as ‘significant’ and ‘notable’ respectively, mainly because
of lack of sufficient information on flows into and out of the quarries. In contrast the water
balance appraisal for the quarry in the LHQ HIA 2020 applies a rigorous approach to
estimate diffuse recharge using a soil moisture model based on the Food and Agriculture
Organisation (of the United Nations) method with the parameters utilised for the water
balance validated wherever possible from measurement or test results.



Potential mitigation was recommended for a possible effect from future operations at
Stoneycombe, but no firm proposals were put forward or explored to demonstrate how that
mitigation could be achieved, on the grounds that it “cannot be fully explored until the
conceptual model is better understood.” As required in the EA Science Report, the HIA for
Linhay Hill Quarry provides information to demonstrate how mitigation measures can be
implemented, including contingency mitigation in the event that future monitoring shows
alternative measures are appropriate.
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The water environment assessments for Stoneycombe and Moorcroft Quarries both relied
on the Local Authorities for information about private water supplies. Atkins’ experience for
Linhay Hill Quarry is that not all private water supplies are registered with Local Authorities
and Atkins’ separate ‘on the ground’ enquiries identified two additional nearby supplies not
listed on the register.

8.8.

In respect of land stability, neither of the Environmental Statements for Stoneycombe or Moorcroft
included information on that topic, despite acknowledged active sinkholes and swallow holes in the
vicinity of both quarries. By contrast, Linhay Hill Quarry ES includes a detailed LSRA in accordance
with the relevant advice in Planning Practice Guidance.

8.9.

In both cases the ESs for Stoneycombe and Moorcroft Quarries were considered by the respective
Mineral Planning Authorities to contain sufficient relevant information about the water environment
for a positive determination to be made on the application, subject to monitoring and mitigation
schemes based on those put forward in the Assessments, with some adjustments to address issues
raised by the Environment Agency. Details of the approved schemes are provided.

Conclusion
8.10.

The conclusion is that the amount of information presented in the Hydrogeological Impact
Assessment for Linhay Hill Quarry and associated monitoring and mitigation regime is at least as
comprehensive as that in the Water Environment Impact Assessments for Moorcroft and
Stoneycombe Quarries. Whilst some of the records for the latter two quarries commenced earlier
than those for Linhay Hill Quarry, the breadth of investigation methods implemented to date at the
Linhay Hill Quarry is substantially greater. The data obtained from this wider scope of investigations
has led to a substantially more detailed conceptual model for the Linhay Hill Quarry, with a more
rigorous assessment of the projected extent of effects and a more comprehensive approach to
ongoing monitoring and mitigation. This includes the design of specific mitigation measures, the
proposed approach and timing for testing their effectiveness and a series of measures for identifying
and responding to unexpected impacts. Those elements are notably absent from the Water
Environment Impact Assessment for Stoneycombe Quarry, whilst Atkins has been unable to find a
detailed conceptual model or mitigation plan for Moorcroft Quarry.

8.11.

In respect of land stability, no assessment was provided in the ESs for Stoneycombe and Moorcroft
Quarries, whereas a detailed LSRA in accordance with the relevant advice in Planning Practice
Guidance has been undertaken and is provided for Linhay Hill Quarry.

Atkins | 5151424 | 1.0 | July 2020

Page 35

Appendices
Appendix 4.1 Replicated From HIA 2020 – Figure 4-2 Geological map with locations of crosssections and relevant boreholes with lithological data.
Appendix 4.2 Replicated from Water Environment Impact Assessment for Stoneycombe Figure 4.2
Map with Summary of Tracer tests and groundwater levels.
Appendix 4.3 Replicated from Water Environment Impact Assessment for Moorcroft Figure 1.1.
Location map showing hydrogeological and hydrological features and monitoring installations.
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