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1.

Introduction

1.1.

This flood risk assessment has been prepared by Atkins Ltd. for the proposed extension of
Linhay Hill Quarry extension. Atkins Ltd. has also prepared an Environmental Statement (ES) for
the proposed quarry extension. The ES includes a chapter on water resources, drainage and
flood risk, which is based on the findings of this flood risk assessment and a hydrogeological
impact assessment.

Quarry Extension Proposal and Planning Context
1.2.

The proposal is to extend Linhay Hill Quarry in a north eastern direction across Alston Lane and
into agricultural land south of Alston Farm towards the hamlet of Caton. To extend the quarry
also entails the formation of bunds for overburden, which will also screen the extended quarry.
The following infrastructure changes will also be required to facilitate the development of the
quarry or mitigate its impact:






Widening of Balland Lane along a short section close the quarry where the road is currently
too narrow to provide a route option for coaches used by South Dartmoor Community
College.
A new public road, ‘Waye Lane’, from Lower Waye to Ashburton with diversion of an existing
public footpath.
A new private access road from Lower Waye to Alston Farm.
Diversion of electricity and water supply along Alston Lane.
Closure of Alston Lane and removal of its junction with the A38 carriageway.

1.3.

The extension is required because the remaining limestone reserves in the existing quarry are
only sufficient for a further ten years or so at the current rate of extraction.

1.4.

The proposal will extend the quarry extraction area by around 21ha and will be carried out in
stages with the year in which Stage 0 commences being Year 1. That extension will enable
extraction of limestone to continue beyond the estimated ten years remaining, and assuming the
same extraction rate as recently would provide for about an additional sixty years of extraction.

1.5.

The proposals will commence with the local widening of Balland Lane in Ashburton and with
connecting Balland Lane to Alston Lane at Lower Waye by construction of a new ‘Waye Lane’
public road with an associated diversion of an existing footpath. That is to provide an alternative
route for Alston Lane, part of which will need to be removed to with closure of its junction with the
A38 to allow the quarry to extend to the north east.

1.6.

There will also be construction of a new private access to Alston Farm and diversion of overhead
electricity lines and underground water supply. Those works are to take place in the initial stage,
Stage 0. The quarry extraction area will then be extended in stages with screening bunds being
constructed in the Alston Farm fields to the south and east, as summarised in the following table.

Table 1-1
Stage

Stage 0

Summary of Stages for Proposed Extension of Linhay Hill Quarry
Indicative
Timescale
(years)

Extension
Area (ha)

1-2

0

Extraction Area
Quarry Base (mOD)

Alston Farm
fields - southern
bund footprint
(ha)

Alston Farm fields
– eastern bund
footprint (ha)

Infrastructure changes entailing: widening of Balland Lane and
construction of a new public road Waye Lane and public footpath
diversion from Balland Lane to Alston Lane at Lower Waye,
construction of a new private access route from Lower Waye to
Alston Farm, diversion of existing electricity and water supply
along Alston Lane, and closure of the A38 (eastbound) to Alston
Lane junction.
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Stage

Indicative
Timescale
(years)

Extension
Area (ha)

Extraction Area
Quarry Base (mOD)

Alston Farm
fields - southern
bund footprint
(ha)

Alston Farm fields
– eastern bund
footprint (ha)

Stage 1

2-13

5.25

28

2.66

n/a

Stage 2

14-31

12.22

0

2.66

4.27

Stage 3

32-40

16.31

14

Stage 4

41-46

21.47

28

Stage 5

47-60+

21.47

28

Stage 6

When
Stage 5
complete

7.86

21.47
Fills with water to a
restoration no
controlled level
extraction
expected to be around
96mOD

1.7.

This study provides a site specific Flood Risk Assessment to identify and assess the risks of
flooding to and from the proposed quarry extension and associated infrastructure works. The
study outlines how those flood risks will be managed so that flood risk is mitigated throughout the
lifetime of the development proposal, taking climate change into account, to ensure that flood risk
off-site will not be adversely affected.

1.8.

This study has been carried out in general accordance with the DEFRA flood risk standing advice
(FSRA) for local planning (www.gov.uk/planning-applications-assessing-flood-risk) and the
following guidance. The scope of this study is also broadly in line with a Level 2 Flood Risk
Assessment as described in CIRIA publication C624 Development and Flood Risk, 2004, and
also seeks to adhere to the following guidance:

1.9.



BS 8533:2011 Assessing and managing flood risk in development – Code of practice.



BS 8592:2013 Code of practice for surface water management for development sites.



Environment Agency report SC030219 Rainfall runoff managements for developments,
October 2013.

Hence this study provides details of the potential sources and risk of flooding, how the site
conditions and surface water runoff flows will change, and the proposed flood risk mitigation
measures, including sustainable drainage systems.

Potential Implications of the Development Proposals
1.10.

Linhay Hill Quarry lies within topographic catchment of the Balland Stream which eventually flows
into the River Dart, and the quarry extension will expand into the topographic catchment of the
Kestor Brook which eventually joins the River Lemon. The topographic sub-catchments of those
watercourses are shown on drawing LINHAY-ATK-GEN-C-PL-0001 in Appendix B, with existing
local water features shown on drawing LINHAY-ATK-GEN-C-PL-0002 in Appendix B. The
underlying limestone deposits spans across the middle of the Balland Stream and Kestor Brook
catchments which increases the complexity of the hydrological and hydrogeological interaction.

1.11.

The Balland Stream source flows from hillsides west of the quarry and flows west via a culvert
under the quarry’s existing spoil tip, after which it is channelised around the north west of the
quarry’s workshop and storage areas. Land locally at Lower Waye, the south facing slopes of the
quarry and existing spoil tip, and hardstanding around the quarry workshops also drains into the
quarry. Inflowing water including groundwater is stored in the quarry at its lowest level or within
the Balland Pit, and then pumped from the Balland Pit to the Balland Stream. That discharge is
authorised by the Environment Agency under an environmental permit which limits the rate at
which water can be discharged. The water storage in the Balland Pit combined with the controlled
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discharge rate provides some attenuation of storm event rainfall and thereby helps to reduce
flood risk downstream in Ashburton.
1.12.

Stage 0 entails the construction of the new Waye Lane public road from Balland Lane in
Ashburton to Alston Lane at Lower Waye. The route mainly follows an existing farm track, but
with a wider width due to peripheral cut and fills. In addition the northernmost part of the new
route diverts from the track and crosses a field before joining Alston Lane. Thus the enlarged
road footprint will be over agricultural land and intersect existing surface water flow routes within
the upper catchment of the Balland Stream. During Stages 1 and 2 the new infrastructure and
overburden bunds will be formed. Thereafter in Stages 3 and 4 it will only be the footprint of the
quarry extraction area which expands. Those operations will increase the quarry’s catchment
area, which will increase the surface water runoff within the quarry itself, and will commensurately
reduce surface water runoff to the Kestor Brook.

1.13.

With the new Waye Lane public road, watercourses to the west will continue to drain direct to the
Balland Stream. Runoff from the new Waye Lane will also mainly drain direct to the Balland
Stream, the exception being at its junction with Balland Lane in Ashburton, where the runoff will
flow to existing highway drainage. As the quarry area increases to the north east there will be
more surface water inflow to the quarry, and the area of groundwater drawdown will also locally
increase as the quarry extends. However the rate at which water is discharged from the quarry
will remain controlled by the pumping to the Balland Stream, and so the attenuation and
discharge control currently provided by the quarry can also be utilised to mitigate the flood risk
due to runoff from the new Waye Lane junction with Balland Lane.

1.14.

Springs north of Alston Farm and surface water runoff from Alston Wood and Alston Farm flow
south east across the Alston Farm fields. That surface water mainly infiltrates to ground, but
when the spring or runoff flows are high after heavy rainfall, the water flows can reach the
southern border of the fields where it ponds, or infiltrates, or at one location can drain via a pipe
under the A38 just north east of Alston Cross. That pipe discharges in woodland south of the
A38, and the watercourse flows south east through that woodland and then eastwards north of
Mead Farm, joining the Kester Brook south of Goodstone.

1.15.

Water from springs and runoff from fields further east of Alston Farm also either infiltrates, or
when the spring or runoff flows are high the water eventually discharges to Caton Lane and then
flows south along that lane. Springs and surface water runoff from higher land east of Little
Barton and around Hooks Cross also flows south with some flowing via drainage to the south
east and the remainder south down Caton Lane. Just north of Caton Farm that water flow, which
can be referred to as Caton Stream, has been intercepted to flow north of Caton Farm and then
south where it can flow under the A38 via drainage under a large cattle creep underbridge east of
Caton Cross, or through the underbridge when flows are high. That water then flows south and
either infiltrates or flows west overland to the north of Goodstone Quarry, and then south down
the minor road from Caton Cross to the T junction with Gale Road. From there it flows east to
eventually reach the Kestor Brook. Springs south of Goodstone provide baseflow to the Kestor
Brook and effectively are its main source.

1.16.

While the extension to the quarry proceeds, each increase in the quarry extraction area will
increase the rate and volume of surface water runoff into the quarry, diverting surface water
runoff that would otherwise have discharged eventually to the Kestor Brook. That flow
interception will therefore reduce flood risk to that watercourse and provide some additional flood
risk attenuation to the Ballard Stream because of the water storage provided in the extended
quarry.

1.17.

However the hydrogeological situation is more complex because there is significant groundwater
inflow to the existing quarry from a fracture feature in its north east face. Therefore although the
proposed extension is within the topographic catchment of the Kestor Brook, that interception of
groundwater inflow from the north east is already occurring and will continue as the quarry is
extended to the north east.

1.18.

New drainage will be formed around the quarry extension area and bunds to manage the surface
water runoff. The new Waye Lane public road represents a very small proportion of the Balland
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Stream catchment, but as the road will have an impermeable surface it will lead to slightly
increased runoff within the Balland Stream catchment. So that additional run off will require
measures to mitigate the increase in surface water runoff and associated flood risk. Devon
County Council Highways has specified a requirement for the new Waye Lane not to flood during
a 1 in 5 year rainfall event, and preferably to also not flood in a 1 in 10 year rainfall event.
1.19.

The formation of new overburden bunds around the extended quarry extraction area will alter the
existing landform profile mainly by locally increasing the terrain gradient and changing the
vegetation cover. However the bunds will have internal drainage, and landscaping and planting
with woodland will help to reduce the discharge of surface water runoff from the restored bunds.
The potential for increased runoff from the bunds is in also likely to largely be offset by the quarry
extension reducing the catchment which would otherwise discharge directly to the Kestor Brook.

1.20.

Once the extraction is complete and dewatering ceases, it is anticipated that Linhay Hill Quarry
will infill with groundwater and rainfall to eventually form a lake. That is what would happen in the
existing quarry void in the ‘Do Nothing’ scenario. The resulting lake level will be controlled to
allow rainfall and surface water inflows to the lake to discharge while also reducing flood risk to
Ashburton.

Sources of Data
1.21.

Data and information used to inform this study has been obtained from the following sources:


Environment Agency South Devon Catchment Flood Management Plan, Summary Report
June 2012



Environment Agency information from its website ‘What’s in your backyard?’ which provides
access to environmental data for England and Wales at a local level, of particular relevance
being details on flood risk and groundwater vulnerability and source protection zones.



Devon County Council Preliminary Flood Risk Assessment Report, Final Report, May 2011.



Devon County Council Surface Water Management Plan Phase 2a – Risk Assessment, Final
Report, May 2013.



Devon County Council Flood Investigation Reports Devon Floods 21st – 25th November 2012
Final Report Rev. A, and Devon Winter Floods 23rd December 2013 – 14th February Final
Report.



Devon County Council Minerals and Waste Development Framework Devon Minerals Plan
Strategic Flood Risk Assessment, March 2013.



Devon county Council ‘Geodiversity Audit of Active Aggregate Quarries Project Overview
Report, January 2004 2237/30 PO.



Dartmoor National Park Authority Level 1 Strategic Flood Risk Assessment, Final Report
November 2010, and Managing Flood Risk – Sequential and Exception Testing Ashburton.



Level 2 Strategic Flood Risk Assessment for Chuley Road, Ashburton, March 2014, prepared
for Dartmoor National Park Authority by Parsons Brinkerhoff, report reference 3512820ASSR Final.



Devon Hydrology Strategy 2012 Update, Volume 1: Main Report, and Volume 2 – C: South
Devon, October 2013, and Ungauged Catchment Flow Analysis (Trend Analysis), prepared
for the Environment Agency by Royal HaskoningDHV. Also includes Flow Node & Statutory
Main River Map centred on Linhay Hill Quarry, Ashburton, ref. 1475, and DC/1475 Modelled
Flood Flows for Linhay Hill Quarry, Ashburton.
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University of Exeter, Mining Engineering MSc, CSMM 152 – Dissertation Project ‘A
Conceptual Flow Model and Water Management at Linhay Quarry, Devon’, M. Maunell,
September 2014.



Water Treatment and Catchment Response at Linhay Hill Quarry, Ashburton, prepared for E.
and J.W. Glendinning Ltd. By G. Walton, Consulting Mining and Engineering Geologists,
Oxford, May 1987.
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2.

Policy Context

National Planning Policy Framework
2.1.

The National Planning Policy Framework, March 2012, requires that inappropriate development
in areas at risk of flooding should be avoided by directing development away from areas at
highest risk, but where development is necessary, making it safe without increasing flood risk
elsewhere. The Planning Practice Guidance (http://planningguidance.planningportal.gov.uk/)
section on Flood Risk and Coastal Change sets how that policy should be implemented. Local
Plans are to be supported by Strategic Flood Risk Assessment and develop policies to manage
flood risk from all sources, and “should apply a sequential, risk-based approach to the location of
development to avoid where possible flood risk to people and property and manage any residual
risk, taking account of the impacts of climate change, by:


Applying the Sequential Test.



If necessary, applying the Exception Test.



Safeguarding land from development that is required for current and future flood
management.



Using opportunities offered by new development to reduce the causes and impacts of
flooding, and



Where climate change is expected to increase flood risk so that some existing development
may not be sustainable in the long-term, seeking opportunities to facilitate the relocation of
development, including housing, to more sustainable locations”.

Flood Risk and Ashburton Critical Drainage Area
2.2.

Flood risk includes the statistical probability of an event occurring and the scale of the potential
consequences, and the risk is estimated from historical data and expressed in terms of the
expected frequency (or ‘return period’) of a flood of a given magnitude. For example the 10-year,
50-year and the 100-year floods have a 10%, 2% and 1% chance respectively of occurring in any
one year, and those values are termed the Annual Exceedance Probability, AEP. However over a
longer period the probability of flooding is considerably greater, hence for example, for the 100year return period:


There is a 1% chance of a 100-year event occurring or being exceeded in any year.



A 26% chance of it occurring or being exceeded in a 30-year period.



A 51% chance of it occurring or being exceeded in a 70-year period.

2.3.

The Planning Practice Guidance Flood Zone and Flood Risk Tables Table 3: Flood risk
vulnerability and flood zone ‘compatibility’ defines flood zones in relation to the probability of river
and sea flooding, ignoring the presence of defences, and details the appropriate land uses, FRA
requirements and policy aims for each zone.

2.4.

The first source of information regarding flood risk is normally the Environment Agency’s Flood
Map for Planning (Rivers and Sea) which provides Flood Zone maps, although where a strategic
flood appraisal has been undertaken, as in this case, that takes precedence.

2.5.

The Environment Agency provides Flood Zone maps available via its website, from which
extracts are provided in Appendix A.1, and from inspection the following flood zone classifications
apply to the development proposals:
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Development Area










Widening of Balland Lane
Junction of Waye Lane new public road with Balland Lane
Waye Lane new public road and footpath diversion
New private access to Alston Cottage and Alston Farm
Diversion of electricity and water supply from Alston Lane
Extension of quarry extraction area into Alston Farm fields
Bunds in south and east of Alston Farm fields
Balland Stream flood flow diversion to quarry
Restored quarry, lake discharge control to Balland Stream

Flood Zone classification
Flood Zone 3
Flood Zone 3
Flood Zone 1
Flood Zone 1
Flood Zone 1
Flood Zone 1
Flood Zone 1
Flood Zone 3
Flood Zone 3

2.6.

Most of the development works including the extension to the quarry lie in Flood Zone 1, which
comprises land assessed as having a less than 1 in 1000 annual probability of river or sea
flooding in any year (<0.1%). That is because the quarry extension area for extraction, new
overburden bunds in Alston Farm fields, the new Waye Lane public road and footpath diversion
and Alston Farm access route and electricity and water supply diversions lie at a higher elevation
than the 1 in 100 year or 1 in 1000 year flood plains of the Balland Stream and Kestor Brook. The
quarry extension crosses land which is within the upper catchment of the Kester Brook, but that
watercourse is not well defined until south of the A38 and a Flood Zone 2 or 3 area is not shown
along the Kestor Brook until approximately midway between the hamlets of Goodstone and Gale.
Thereafter flooding along the Kestor Brook is constrained within its relatively narrow valley floor
until it joins the River Lemon just upstream of the Holbeam Dam which provides downstream
flood protection to Newton Abbot.

2.7.

However the Environment Agency’s Flood Map for Planning (Rivers and Sea) do indicate a Flood
Zone 3 area along approximately 235m of the Balland Stream within the westernmost area of the
existing quarry area where workshops and block manufacturing and storage activities are
located. That Flood Zone 3 area extends south west into Ashburton via the football ground and
cricket ground south of Rockpark Cross. The proposed widening of Balland Lane will be within
that area and the widening will cross the Balland Stream which, following designation as a Critical
Ordinary Watercourse in 2005, was ‘enmained’ by the Environment Agency in April 2006 to
become a main river. The Environment Agency’s flood maps imply the main river classification
begins from the workshops area of Linhay Hill Quarry, and so works near or on the watercourse
downstream of that point will require a Flood Defence Consent from the Environment Agency.
The surface water flow routes to and within the central confluence area of Ashburton also have a
history of flooding and so the Environment Agency has designated much of the Balland Stream
as a Critical Drainage Area, i.e. an area that has critical drainage problems and which has been
notified to the Local Planning Authority as such by the Environment Agency in line with the
National Planning Policy Framework (NPPF).

2.8.

A copy of the Environment Agency’s Critical Drainage Area record for Ashburton – Balland
Stream, May 2015, is provided in Appendix A.2 and shows the Critical Drainage Area lies mainly
west of the A38 and includes the existing quarry and spoil tip, land at Waye and along the
Balland Stream north of the quarry, and parts of Ashburton east of the Balland Stream
confluence with the River Ashburn. The Critical Drainage Area record highlights the drainage and
flooding issues which occur and the minimum drainage standards required for development. The
minimum drainage standards required are for the SuDS (Sustainable Urban Drainage Systems)
hierarchy to be followed, and “all off site surface water discharges from development should
mimic ‘Greenfield’ performance off up to a maximum 1 in 10 year discharge rate. On-site all
surface water should be safely managed up to the 1 in 100 year event plus climate change
conditions. This will require additional water storage areas to be created thereby contributing to a
reduction in flooding downstream”.

2.9.

The Environment Agency’s Risk of Flooding from Rivers and Sea shows the risk of flooding in the
Flood Zone 3 area within the quarry workshops and storage area and across and along Balland
Lane to be ‘High’, which means that each year, those areas are considered to have a chance of
flooding of greater than 1 in 30 (3.3%).
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Flood Risk Vulnerability Classification
2.10.

Planning Practice Guidance also requires the flood risk vulnerability of the development or land
use to be taken into account because the consequences of flooding may not be acceptable for
particular types of development. Flood Risk Vulnerability Classification is provided in the Planning
Practice Guidance Table 2.

2.11.

With reference to that table, mineral working and processing (except sand and gravel working)
which applies to extension of the quarry extraction and the new bunds, is classified as ‘Less
Vulnerable’. The new access to Alston Farm and electricity and water supply diversions from
Alston Lane, the new Waye Lane public road and footpath diversion and widening of Balland
Lane are also considered to be ‘Less Vulnerable’ as they do not represent essential
infrastructure.

2.12.

Flood control infrastructure which is to be installed to improve the Balland Stream flood flow
diversion to the quarry, and for discharge control from the quarry once restored to a lake, is
classified as ‘Water-Compatible Development’.

Town and Country Planning (Consultation) (England) Direction
2009
2.13.

Due to some inappropriate developments being granted in flood risk areas against advice of the
Environment Agency, the Secretary of State under the County Planning (General Development
Procedure) Order 1995 (“the Order”) made the Town and Country Planning (Consultation)
(England) Direction 2009 (the Direction) which came into force on 20th April 2009 to clarify the
arrangements and criteria for consulting the Secretary of State to provide a safeguard against
such cases.

2.14.

Where a local planning authority is minded to grant permission for major development in a flood
risk area, despite there being an objection from the Environment Agency on flood risk grounds
that it has not been able to withdraw even after discussions with the local planning authority, the
Direction requires the local planning authority to consult with the Secretary of State.

2.15.

The Direction stipulates that “flood risk area” means land in an area within:
(a) Flood Zones 2 or 3; or
(b) Flood Zone 1 which has critical drainage problems and which has been notified for the
purposes of article 10 of the Order to the local planning authority by the Environment
Agency.
And ‘major development’ means:
(a) In respect of residential development, a development where the number of dwellings to be
provided is 10 or more, or the site area is 0.5 hectares or more.
(b) In respect of non-residential development, a development where the new floor space to be
provided is 1,000 square meters or more, or the site area is 1 hectare or more.

2.16.

The proposals cover an area of more than one hectare and include land within Flood Zones 1 to
3 which has critical drainage problems being within the Ashburton Critical Drainage Area, hence
the proposal fall within the terms of the Direction.

South West Regional Flood Risk Appraisal
2.17.

The purpose of the South West Regional Flood Risk Appraisal, February 2007, was to provide a
broad regional understanding of the risk that flooding creates in South West England, and hence
it has been consulted in relation to the proposed extension of Linhay Hill Quarry. However a
search of the document indicates that Ashburton, the Balland Stream, Kestor Brook or Linhay Hill
Quarry are not specifically referred to in the South West Regional FRA.
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Environment Agency – Catchment Flood Management Plan
2.18.

Catchment Flood Management Plans help the Environment Agency and its partners to plan and
agree the most effective way to manage flood risk in the future. The Environment Agency’s South
Devon Catchment Flood Management Plan, Summary Report June 2012 gives an overview of
the flood risk in the South Devon catchment and sets out the Environment Agency’s preferred
plan for sustainable flood risk management over the next 50 to 100 years. The catchment plan
divides the South Devon catchment into nine sub areas which have similar physical
characteristics, sources of flooding and level of risk. The proposals lie within Sub-area 6 – Bovey
Tracey and Ashburton sub area. The Catchment Flood Management Plan states that for Subarea 6:
“Development within the Ashburton area has led to increased flood risk, and a flood alleviation
scheme was constructed in 1989 to provide protection to properties in floods up to a 2% flood
annual probability. However, the scheme only covers the River Ashburn and not the Balland
Stream that flows just north of the A38. There is also still a risk from more severe events;
approximately 150 properties and two health centres are at risk from a 1% flood, increasing to
approximately 350 properties by 2100. There is no flood warning for Ashburton and water levels
can rise quickly, with deep and fast flows. The present risk to people and properties from flooding
is high, and social vulnerability is also high”.

2.19.

The Environment Agency’s vision and preferred policy is Policy 5 i.e. generally take further action
to reduce flood risk. And under ‘Proposed action to implement the preferred policy’, the
Catchment Flood Management Plan specifically states in relation to Ashburton:




“We will take action to reduce the flood risk in Ashburton including the Balland Stream as
well as the River Ashburn. We will assess and improve where necessary the defences on
the River Bovey and surrounding watercourses.
We will influence partners to improve highways drainage in Ashburton.
Investigate a flood warning for the river Ashburn at Ashburton, and encourage the production
of community action plans to reduce flood risk through engagement of the local community”.

Dartmoor National Park Authority – Strategic Flood Risk Appraisal
2.20.

The Dartmoor National Park Authority Level 1 Strategic Flood Risk Assessment Level identifies
Ashburton as a local centre with a history of flooding, and its Figure 8-1 Ashburton Topography
and Flood Risk shows land along the Balland Stream within the westernmost area of the existing
quarry land and west of the quarry at Rockpark Cross as being in Flood Zone 3b. That figure is
included in the Level 1 Strategic Flood Risk Assessment for Ashburton, a copy of which is
provided in Appendix A.3. Flood Zone 3b is Functional Floodplain and the Strategic Flood Risk
Assessment paragraph 5.5.8 indicates that land which would flood with an annual probability of 1
in 20 (5%) or greater in any year has been used to identify Function Floodplain within the
Ashburton ‘Local Centre’, combined with other guidance relating to how flood storage and
conveyance may be affected by existing development such as buildings or roads.

2.21.

In relation to flood risk management along the Balland Stream, the Strategic Flood Risk
Assessment states in paragraph 8.2.4:
“A recent flood defence scheme has also been completed on the upper Balland Stream, which
consists of a culverted channel beneath Eastern Road and a channel diversion further
downstream. This is in response to a number of historical flood events affecting properties in the
area. The Balland Stream flows through a number of under capacity culverts further downstream,
where again roads, such as Love Lane, become the major flow route”.

2.22.

Subsequently a Level 2 Strategic Flood Risk Assessment, March 2014, was carried out for the
Dartmoor National Park Authority by Parson Brinkerhoff for the Chuley Road area of Ashburton.
The purposes of the study was to provide a detailed understanding of flood risk and hazard from
flooding which could be used to inform future planning decisions in Ashburton. The Chuley Road
area is at high risk of fluvial flooding from the River Ashburn and the Balland Stream, and the
study included hydraulic modelling. The hydraulic modelling used Flood Estimation Handbook
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parameters and the Revitalised Flood Hydrograph to determine the critical flood event and derive
a hydrograph for the catchment (3.85km2) of the Balland Stream scaled to the peak river flows
predicted by the Devon Hydrology Study for node 3529. That node is for the Balland Stream
catchment (3.55km2) to a point approximately sixty five metres downstream from a culvert
entrance at the east end of Love Lane in Ashburton.
2.23.

The Level 2 SFRA confirmed from the updated hydraulic modelling and records of past flood
events that the River Ashburn and Balland Stream are the two principal causes of flood risk in the
Chuley Road area and surrounding land, concluding for the Balland Stream that:
“The Balland Stream culvert has limited capacity and is prone to blockage. Analysis has shown
that the current Balland Stream culvert is liable to flooding in events with a relatively high annual
probability (1 in 10 year event). Recent events have also highlighted that blockage in the Balland
Stream culvert has the potential to greatly increase the likelihood and extent of flooding”.

2.24.

The culvert referred to is the culvert entrance at the east end of Love Lane and the flood return
period relates to the river flows modelled.

Devon County Council - Strategic Flood Risk Appraisal and Local
Flood Risk Management
2.25.

The Devon County Council Minerals and Waste Development Framework Strategic Flood Risk
Assessment (SFRA) March 2013 provides an overview of flood risk in Devon and accompanying
guidance. However in relation to the proposed extension of Linhay Hill Quarry, a search of the
document indicates that Ashburton, Balland Stream, Kestor Brook or Linhay Hill Quarry are not
specifically referred to.

2.26.

However Devon County Council is the Lead Local Flood Authority under the Flood and Water
Management Act and is responsible for managing local flood risk in Devon from surface water,
groundwater and consenting and enforcement on Ordinary Watercourses. Hence Devon County
Council’s responsibility applies to the upper catchment of the Balland Stream where the
watercourses are not part of the main river, and to the Kester Brook catchment until just before it
joins the River Lemon where it lies within the flood defence area of the Holbeam Dam.

2.27.

Devon County Council’s ‘Devon Local Flood Risk Management Strategy 2014-2020’ is a statutory
document to which Risk Management Authorities must adhere to, but as it mainly provides
overarching guidance on flood risk management issues in Devon, so Ashburton, the Balland
Stream, Kestor Brook or Linhay Hill Quarry are not specifically referred to.

2.28.

The Devon County Council Surface Water Management Plan Phase 1 – Strategic Assessment,
July 2012 Rec. C. also does not refer specifically to those areas or features. However Devon
County Council has carried out several flood investigation reports as required by Section 19 of
the Flood Management Act 2010, and those provide information on the severity of storm events
which have caused the flooding recorded and recommended actions.

2.29.

The Flood Investigation Report – Devon Floods 21st – 25th November 2012 Final Report Rev. A
Section 12.3.2 Ashburton, refers to some local flooding on 24th November 2012 when the River
Ashburn came out of bank. The Flood Investigation Report Devon Winter Floods 23rd December
2013 – 14th February 2014 Final Report Section 10.2.2 Ashburton refers to flooding due to
surface water runoff and the water table being high and that the River Ashburn was reported to
be overtopping on 14th February. However neither flood investigation report has recommended
actions specific to Ashburton, and neither refers to flooding due to the Balland Stream.

2.30.

Of relevance to the quarry extension and associated infrastructure drainage design and flood risk
mitigation is Devon County Council’s requirement to ensure that SuDS are included on new
developments. The Council has produced Sustainable Drainage Systems (SUDS) guidance, May
2014, to be adhered to and which broadly aligns with the requirements of the DEFRA /
Environment Agency publication Rainfall runoff management for developments, Report –
SC030219, October 2013 and the comprehensive CIRIA C753 The SuDs Manual 2015.
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2.31.

Also works near or on minor watercourses will require Ordinary Watercourse Consent from the
Devon County Council.

Teignbridge District Council – Strategic Flood Risk Appraisal
2.32.

Linhay Hill Quarry and surrounding land lies within the Ashburton and Buckfastleigh ward of
Teignbridge District Council. Teignbridge District Council’s Strategic Flood Risk mapping
available online shows land east of the Balland Stream within the westernmost area of the
existing quarry to be in Flood Zone 3, and that zone extends south across Balland Lane and into
Ashburton. However a Flood Zone 3b area is not identified within that Flood Zone 3 extent.

2.33.

A Level 2 Strategic Flood Risk Assessment relevant to the existing Linhay Hill Quarry and
proposed extension area is not available, though records on the internet indicate flood
management schemes for Ashburton and the Balland Stream were approved by DEFRA in 2005,
but there were insufficient funds to commence. The records available via the internet do not
provide design details of the envisaged flood management schemes.
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3.

Site Details and Environmental
Setting

Site Topography and Existing Land Use
3.1.

The existing quarry comprises a large extraction area void and remaining reserves with primary
and secondary processing plant and an asphalt plant located within it, and associated
workshops, ready mix cement plant, and blockwork manufacturing and storage areas located on
its western and southern side. A tip for overburden and quarry spoil is located to the north of the
extraction area, and the spoil tip is being progressively restored to agricultural use. North west of
the workshop area are older restored screening bunds with mature trees. In the south west part
of the quarry extraction area is a two hectare water storage lake referred to as the Balland Pit,
which is for water recycling and the settlement of suspended solids.

3.2.

The quarry is approximately rectangular orientated with its long axis north east to south west. The
quarry land is bounded by Alston Lane to the north east, the A38 to the south east and Balland
Lane to the south west. The boundary to the spoil tip and screening to the north west is a farm
track which is also a public footpath. Beyond that is farmland and properties off Place Lane and
at Waye. The South Devon Community College is south west of the quarry, with its Sixth Form
Centre at Place House. Exposed relatively steep rock slopes with benches exist along the
quarry’s south west and north east boundary, and south east of the spoil tip and around the
Balland Pit. Immediate south of Balland Pit and the workshop, manufacturing and storage area is
much flatter, sloping mainly along access routes into the quarry and then into the quarry
extraction area.

3.3.

The existing quarry has planning permission for extraction to 28mOD, well below the level of the
surrounding land and local drainage, there being eight 13-15m bench levels planned at the
quarry as follows:
-

Level 1
Level 2
Level 3
Level 4
Level 5
Level 6
Level 7
Level 8

125-120m AOD
120-110m AOD
110-97m AOD
97-83m AOD
83-68m AOD
68-54m AOD
54-41m AOD
41-28m AOD.

3.4.

In 2015 the quarry commenced some rock extraction from Level 6, and that deeper area now
acts as a sump for inflowing surface water runoff and groundwater, thereby providing temporary
water storage during prolonged periods of wet weather, while allowing reserves at higher levels
to still be extracted. Rainfall and inflowing groundwater below the level of the Balland Pit has to
be pumped to that settlement lake, from where it is utilised around the quarry with recycling back
to the Balland Pit. To ensure the Balland Pit has capacity for water storage following rainfall
storm events or extended rainy periods, excess water in the Balland Pit is pumped to the quarry’s
discharge point to the Balland Stream located within the quarry’s block storage area.

3.5.

Quarrying becomes technically more difficult as stone is extracted from deeper within the void
below the original ground level, principally because of the decreased quarry floor space and
ensuring safety, and also the management of water. The main difficulties with deeper working
are diminishing space for circulation, stockpiling and for ongoing extraction, because each level is
smaller than the previous one, and also because of the increased time and cost of hauling
material from greater depths.

3.6.

That difficulty is compounded by storm water management which with extended rainfall can prove
problematic as occurred during the winter of 2013/14. At Linhay the succession of storm events
with rainfall well above average across the three months from December 2013 through to
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February 2014 resulted in the quarry’s deepest level becoming flooded due to inflowing surface
water and groundwater. That happened again in December 2015 and January 2016, though
following the winter of 2013/14 the quarry had been locally deepened to Level 6 so that level
could flood with reduced impact to the quarry’s operations.
3.7.

Storm event water storage at the quarry provides some beneficial flood risk attenuation for
Ashburton, but in 2014 prevented stone being extracted from the lowest bench while the water
was pumped out, which in 2014 took two months. The extended quarry will provide greater
shallower reserves which can be worked all year round and so reduce the risk of flooding
impacting the quarry’s operations.

Geology
3.8.

The British Geological Survey 1:50,000 geology viewer shows the geological sequence from
north west to south east across the middle of Linhay Hill Quarry to be as follows:
Geological Age

Formation

Carboniferous

St Mellion Formation (sandstone, siltstone and mudstone) locally
capped with Codden Hill Chert Formation (chert), though shown north
of Caton and Goodstone as the Crackington Formation,
metamorphosed shale and sandstone, locally capped with the Teign
Chert Formation.

Devonian:

Tavy Formation slate and hornfelsed metamorphic bedrock,
previously known as the Kate Brook Slate Formation. North of Caton
and Goodstone this is not present between the Crackington Formation
and limestone.

Devonian

Chercombe Bridge Limestone, medium to dark grey limestone.

Devonian

Foxley Tuff Formation, basic tuff, agglomerate.

Lower Carboniferous

Gurrington Slate Formation, slate, lava and tuff.

3.9.

The sequence and boundaries are the same as shown on the British Geological Survey 1:50,000
sheet numbers 338 Dartmoor Forest and 339 Newton Abbot which utilise the previous geological
formation names.

3.10.

Linhay Hill Quarry is working the Chercombe Bridge Limestone which is medium to dark grey,
strong to very strong, with medium to widely spaced bedding which has been tilted to dip of 2840° to the south east. The Quarry Design Report, January 2016 prepared by Sandybed
Geological Services, states in Section 4.4 “the strata is thus folded with a major anticline to the
north west and a corresponding syncline to the south east. This basic structure has subsequently
been altered by major faulting so that only the south easterly dipping limb remains as a linear
limestone outcrop some 10kms long orientated along a north-east to south-west axis”.

3.11.

Exposures of the limestone occur between Buckfastleigh and Bickington, and for Linhay Hill
Quarry the Devon County Council ‘Geodiversity Audit of Active Aggregate Quarries Project
Overview Report, January 2004 2237/30 PO, records the limestone sequence across the quarry
as totalling about 250 metres (measured perpendicular to the bedding) with generally little
variation in limestone type throughout. There is however a light brown calcite feature
approximately 2-5m wide exposed in the north east face, and which cross cuts the bedding subvertically. The feature is believed to extend to the north east, but its strike is not readily
measurable, in part because significant groundwater inflow occurs from fractures adjacent and to
the north of the replacement calcite feature locally above the Level 3 bench.

3.12.

The Geodiversity Audit report also states “The limestone deposit at Linhay Hill is cut off at its
base by a major thrust fault plane believed to be the south westerly extension of the Bickington

Atkins Proposed Extension of Linhay Hill Quarry - Flood Risk Assessment | Version 1.0 | May
2016 | 5137007

17

Proposed Extension of Linhay Hill Quarry
Flood Risk Assessment
Thrust on the north west side of the quarry. The thrust zone can be seen in the north side face of
the main ramp from the workshop area to the quarry floor”. The younger Tavy Formation
underlies that thrust, and the Geodiversity Audit report indicates the limestones immediately
above the thrust and the slates below are much disturbed, with the limestone fractured, calcite
veined and showing little trace of bedding or original structure.
3.13.

To the north west of the limestone deposit being quarried is the relatively impermeable Tavy
Formation (previously known as Kate Brook Slate Formation) overlain by the St Mellion
Formation with the Crackington Formation (sandstones, siltstones, mudstones) further north
west. The Tavy Formation forms the north west boundary to the limestone almost to Caton Road
where the geological maps show a fault north north west to south south east, east of which the
boundary is formed by the Crackington Formation. The limestone extends south west under
Ashburton and north east under Alston, Caton, Goodstone, and beyond to Bickington. South east
of Linhay Hill Quarry and from the quarry to Caton, the limestone underlies the land south of the
A38 for approximately 300-450metres, with the Foxley Tuff Formation and then the Gurrington
Slate Formation to the south of the limestone. The Foxley Tuff Formation also surrounds the
south west extent of the limestone west of the where it underlies Ashburton.

Hydrogeology
3.14.

The Chercombe Bridge Limestone is classified as a Principal Aquifer whereas the surrounding
strata are classified as Secondary A aquifers. There are no superficial deposits which have an
aquifer designation other than along the River Lemon river bed where alluvial deposits are
classified as ‘Secondary A’. The geological map shows some superficial deposits in the form of
alluvium along the base of the Kestor Brook valley at Higher Mead Farm and eastwards. The
limestone groundwater vulnerability is mainly classified as ‘Major Aquifer Intermediate’, except for
a localised area north of the junction of the minor road from Caton to Gale Road where it is
classified as ‘Major Aquifer High’. Groundwater vulnerability for the Tavy Formation, St Mellion
Formation and Foxley Tuff Formation is classified as ‘Minor Aquifer Intermediate’, whereas the
Gurrington Slate Formation groundwater vulnerability is classified as ‘Minor Aquifer High’.

3.15.

Groundwater inflow at the quarry occurs most notably through the calcite feature within the north
east face, at an estimated elevation of around 103mOD, and also at two springs at the base of
the quarry’s south east face between the primary and secondary crusher and the asphalt plant.
Seepage has also been observed locally from the ground under the primary and secondary
crusher conveyors, though that may be water draining from fill to a hardstanding and storage
area south east of the agricultural lime plant. Those features exhibit a wide seasonal range in
inflow and between dry periods and rainfall storm events, however there is negligible
groundwater inflow from the quarry’s north west and south west faces, or from the south east
face north east of the springs near the primary and secondary crusher.

3.16.

Springs also occur north of the quarry at Place Wood, Brownswell, north west of Waye Cottage,
north of Alston Farm and at Little Barton, and those springs are from the St Mellion Formation
which lies above the Tavy Formation and quarry limestone. South of the A38 there is a spring at
Higher Mead Farm at the base of the Gurrington Slate Formation above the underlying Foxley
Tuff Formation, and there are springs south of Goodstone where the limestone meets the Foxley
Tuff Formation.

3.17.

Overall it is apparent the limestone deposit is bounded by aquicludes (impermeable strata which
acts as a barrier to the flow of groundwater) to the north west in the footwall (rock under an
inclined fault) and to the south east in the hanging wall (rock above an inclined fault), and
groundwater flow in the limestone is likely to be along strike (SW-NE) utilising the major
discontinuities i.e. the bedding planes, or fracture zones, which may have become enlarged by
dissolution, and vertical karst features have been observed mainly in the upper 30m of the
limestone. However evidence of karst conduits aligning with the bedding strike has not been
observed. The Tavy Formation forms the aquiclude to the north west and extends across Alston
Farm almost to the Caton Road, beyond which is the St Mellion and Crackington Formations,
whereas to the south east the Foxley Tuff Formation aquiclude is shown by the geological map to
be adjacent the limestone along its entire south eastern boundary from Ashburton to Bickington.
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Watercourses and Drainage
Balland Stream
3.18.

The Balland Stream upper catchment lies to the west of the quarry, where there are several
spring sources west of Alston Farm, above Waye and at Brownswell and Place Wood, from
which the water flow varies down to negligible or zero during extended dry periods without rain.
For example during late summer of 2015 there was flow in the watercourse from Brownswell, but
not in watercourse from above Waye or Place Wood. The Balland Stream catchment (157
hectares) to its culvert under Balland Lane where the stream exits the west of the quarry area
represents approximately half the total Balland Stream catchment area (385 hectares) to its
confluence with the River Ashburn. Land draining into the quarry void and which thereafter
cannot drain by gravity flow to the Balland Stream, is about fifty two hectares, and includes
approximately twelve hectares in the north east corner which may not have been wholly in the
Balland Stream’s natural catchment, as shown by drawing LINHAY-ATK-GEN-C-PL-0001 in
Appendix B.

3.19.

Drainage west of the quarry has previously been modified by construction of the quarry’s existing
spoil tip which has underdrainage and the culvert for the Balland Stream. Spring flow
watercourses in a field at Alston Farm north of Lower Waye have been intercepted to reduce flow
down Alston Lane towards the A38, because that flow could potentially also infiltrate into the
quarry. There are two spring fed ponds in the Alston Farm field north east of Lower Waye, and
flow from those ponds now drains west via a filter drain and then a pipe under Alston Lane and
the field to the west, to discharge to a twenty-five-metre-long channel which leads to the east side
of a large silted up pond south of Waye Farm. Observations during low flow conditions i.e. when
there is no surface water runoff from the north west down Alston Road, indicate the discharge to
that channel is similar to the spring flow into those ponds. When the discharge to that channel is
high the flows overtop the ground at the west end and south side of that channel, and flows
overland to the south at the toe of the embankment to the silted up pond. The pond is shown on
an 1886 OS map and labelled as a fish pond, but is now almost entirely full of sediment and
vegetation with little freeboard. The pond area also receives seasonal spring stream flow and
runoff from the catchment above Waye Farm.

3.20.

Discharge from the pond can flow out on its south side at a couple of locations to a channel along
the toe of the embankment, which flows south to 300mm diameter pipe and overland after heavy
rainfall to join flows from the Waye Farm area and springs at Brownswell. Those flows pass
under the Waye Lane farm track and footpath, via an existing pipe which has a 450mm diameter
entrance to join a larger 900mm high culvert installed under the centre of the spoil tip in 1998.
There is also connecting drainage from along the original route of the Balland Stream. There are
anecdotal reports of flooding at the entrance to the 450mm pipe and over the adjacent farm track
and footpath which the pipe passes under.

3.21.

Further south runoff and spring flow from hillsides at Place Wood pass under the existing farm
track via a 250mm diameter pipe and can flow over the track in flood conditions, to join the
Balland Stream channel at the exit of the spoil tip culvert, from where it flows in channel around
the north west side of the quarry. From the spoil tip culvert exit the Balland Stream is mainly
within a block lined channel 1.5m deep by 0.9m wide around the north west side of the quarry
workshops, to then pass through the block storage area.

3.22.

Approximately 150m south of the spoil tip exit that channel passes under a track from the quarry
to Place via a 750mm diameter 27m long pipe, and topographic survey indicates that pipe has a
slight negative (-1%) gradient. Just prior to the pipe vegetation clearance has uncovered a side
weir overflow which is 700mm above the Balland Stream channel base, and leads to a 450mm
diameter pipe which drains to the Balland Pit. From inspection of the Environment Agency’s flood
risk maps on the internet and its main river consultation maps (that consultation which was for
addition or removal of sections designated as main rivers is now closed) it appears the Balland
Stream is classified as a Main River from downstream of the track over the 750mm diameter
pipe.
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3.23.

As the Balland Stream channel reaches the block storage area the channel widens from about
0.7-0.9m to 1.5m, and there is a discharge point (grid reference 276596, 70978) for pumped
water from the Balland Pit. The channel then widens slightly to approximately 1.7m, and about
28m after the pumping discharge point the watercourse passes under a bridge culvert 0.6m high
by 1.5m wide. Approximately 21.5m after that bridge culvert the Balland Stream channel exits the
quarry’s block storage area at an elevation of 95.13mOD, via a 0.4m high 1.4m wide bridge
culvert under Balland Lane. The culvert entrance dimensions and indicative gradient from the
topographic survey imply a capacity of around 2.4m3/s, though the culvert may be a constriction
where backwater could spill out of the channel and down Balland Lane.

3.24.

Surface water runoff which flows west down Balland Lane from east of that bridge culvert, can
enter the Balland Stream from either side of the bridge culvert over the watercourse. But in high
flows surface water runoff may continue down Balland Lane which turns south west at the
junction with Place Lane and then past South Dartmoor Community College. Beyond Balland
Lane the stream flows through a relatively level sports ground area utilised by the College. That
area is within Flood Zone 3 and is likely to provide some flood storage, though the Flood Zone 3
extent covers a wider area which includes Balland Lane and extends into Ashburton.

3.25.

Beyond Balland Lane the Balland Stream flows mainly in open channel with culverts under Long
Park road, under a footpath north east of Glentor, the E&JW Glendining Ltd. head office. It then
flows via open channel on the north side of the Glentor through a culvert under the B3352
Eastern Road, and then around the east of Ashburton under Jordan Meadows and Dolbeare
Road until a culvert at the east end of Love Lane. From there it follows the watercourse to the
Chuley Road area of Ashburton. The culverts under the footpath north east of Glentor, under
Eastern Road and at Love Lane are believed to be significant constrictions with blockage risk and
a risk of flooding of one in ten years or less.

Kester Brook
3.26.

Springs and run off from a relatively small area east of Alston Farm, from Hooks Cross and the
quarry extension area flow south alongside Caton Lane, and then north of Caton Farm to flow via
a pipe under a large vehicle sized cattle creep underbridge to the A38. If the pipe inlet is blocked
or when flows are high, the water flows through the underbridge. The water flows south until it
sinks in the corner of a field or ponds when flows are high, but has also been observed to
overflow though the field’s hedgebank and flow south west overland to north of Goodstone
Quarry. There the water infiltrates and ponds until it can pass via pipes through the hedgebank to
discharge onto the minor road past the Goodstone Quarry entrance. At that entrance water has
also been observed flowing out of a drainage grate, and which also flows down the road to the
junction with Gale Road where it floods, but eventually finds its way to the Kester Brook.

3.27.

Rainfall runoff from Alston Farm fields south of the farm house and cottage flow south east
across the farm fields. The runoff generally flows overland or along the field boundaries. Some of
this runoff infiltrates, although heavier runoff reaches a wide vegetated ditch parallel to the A38
which drains towards Alston Cross. Water from several springs north of Alston Farm flows along
the field boundaries slightly further to the north east, and also either infiltrates or eventually
reaches the ditch parallel to the A38. Surface water flow does not reach that ditch during
extended dry periods due to the reduced flow and infiltration, with visual evidence that locally
some of the infiltration is via sinkhole.

3.28.

Runoff south east along Alston Lane flows north around the junction radius and Alston Cross and
into the vegetated ditch parallel to the A38. Approximately 150m north of Alston Cross excess
storm water in the ditch can flow under the dual carriageway via a 300mm diameter pipe. That
water then flows south east overland through woodland and then turns east at Higher Mead Farm
to flow east north of Gale Road to reach the Kestor Brook south of Goodstone. The watercourse
north of Gale Road is also effectively the Kestor Brook, but water flow in that upper catchment
varies from flooding in fields along the watercourse to intermittent during extended dry periods
with intermittent rain.

3.1.

The Kestor Brook catchment includes land west of Mead Cross and reportedly seepage of water
has been observed from the ground locally along Gale Road west of Mead Cross. There is
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surface water flow through a road gully on the north corner of Mead Cross, which may be the
watercourse of from land drainage, and in heavy rainfall runoff from the fields north of Lower
Mead Farm has been observed to cross Gale Road and flood the road north from Mead Cross.
That water escapes to the east, and in extended wet weather, such as winter 2013/2014, the
fields along the Kestor Brook route from Mead Cross to Goodstone were reported by the
landowners to have long periods with standing flood water. Continuous and intermittent water
flow has been observed within the drainage north of Gale Road, indicating the stream may locally
sink and re-emerge, but eventually water reaches the junction of the minor road from Caton
Cross to Gale Road where flooding often occurs as the watercourse is not conveyed under the
junction. Small pipes at the base of the hedge banks either side of the junction let water flow out
of the field west of the junction and into the field to the east which is utilised by Caton Alpacas at
Four Acres. Water can then flow via a pipe for a short section along the south east of that side of
the road before discharging into the field where it floods or flows overland into a watercourse in
the next field to the east.
3.2.

The field to the east is leased by Caton Alpacas from Caton Farm, and at the eastern end of that
field north of Gale Road there is notable spring. At that location there is flow from a 300mm pipe
aligned to the north west and also an upwelling from the ground within a couple of metres of the
outfall from the pipe. There is also a more minor spring in the field to east at Glendale, the
watercourse from that spring being shown on OS maps. There also appears to be flow accretion
along the short section of watercourse from the Glendale spring before it is joined by the flow
from the springs in the field to the west.

3.3.

The Kestor Brook catchment to that point is about 257 hectares, and its total topographic
catchment is estimated to be around 813 hectares to its confluence with the River Lemon at
Holbeam, approximately three kilometres to the east. The Kestor Brook receives notable
baseflow from those springs south of Goodstone, with storm event surface water runoff from land
south, west, and north of Higher Mead, Lower Mead Farm, and Parkers Farm Holiday Cottages.
The springs south of Goodstone are at an elevation of 96-97mOD and the catchment to the west
and north is above that elevation.

Groundwater and Surface Water Protection and Abstractions
3.4.

The Environment Agency’s online maps indicate there is no groundwater source protection zone
within two kilometres of Linhay Hill Quarry and the proposed quarry extension, the nearest
groundwater source protection zones being to the north at Lewthorn Cross at Ilsington, and to the
south at Lower Combe and near Baddaford just east of the A38 and Buckfastleigh.

3.5.

The Environment Agency’s response to an enquiry regarding licensed groundwater abstractions
confirmed that none are located within two kilometres of Linhay Hill Quarry and the proposed
quarry extension, and its online maps do not show a groundwater abstraction nearby. The online
maps show the two nearest abstractions to be surface water from the River Lemon north of the
A38 at Bickington, the licence holder being B. Wrayford and Son, at Yeo Farm. One licence is
14/46/003/0695 for abstraction of up to 227.3m3/day and 2047m3/year from a single point for
general agriculture use identified as spray irrigation. The other licence is 14/46/003/0696 for
abstraction of up to 227.3m3/day and 4091m3/year from a single point and is also for general
agriculture use identified as spray irrigation.

3.6.

The Environment Agency’s online maps indicate that Linhay Hill Quarry and the local area are
not within a Nitrate Vulnerable Zone or Groundwater Safeguard Zone, however they are within a
Surface Water Safeguard Zone which covers the River Dart catchment to the north west over
Dartmoor and south to near Totnes. The Safeguard Zone ID is SWSGZ5015 and is for
Pesticides, in particular Cyromazine and Diazinon. The Zone’s Action Plan indicates a date of
completion of August 2015 and the aim was to ensure the levels of individual pesticides in the
raw water of the River Dart are <0.1µg/l to avoid the need for investment in additional treatment
at Littlehempston WTW.
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Private Water Supplies
3.7.

Teignbridge District Council Environmental Control Team provided a map and list of private water
supplies in the vicinity of Linhay Hill Quarry and the proposed extension, and those are included
in Appendix A.4. There is also a private borehole water supply at Little Barton Farm.

Foul Drainage
3.8.

Inspection of South West Water’s Internet Mapping service indicates that properties to the north
east of Ashburton around Linhay Hill Quarry and the proposed quarry extension are not served
by a public sewer system. That includes properties at Higher Brownswell, Waye, Stormsdown,
Alston, Little Barton, Caton, Goodstone, Lower and Higher Mead. It is assumed those properties
utilise septic tanks or other private treatment installations.
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4.

Sources and Assessment of Flood
Risk

History of Flooding
4.1.

The Level 2 Strategic Flood Risk Assessment, March 2014, carried out for the Dartmoor National
Park Authority by Parson Brinkerhoff for the Chuley Road area of Ashburton, provides in its
Appendix D ‘Historic Flooding Information’ for flooding recorded on 22nd March 2013, 24th
November 2012, 28th July 2005, 7th February 1990 and 27th July 1971.

4.2.

Those mainly detail the areas and properties which flooded within the Ashburton town centre
area, but of particular interest are the photographs of the flooding in February 1990 which show
flood flow exiting the block storage area of Linhay Hill Quarry, with a notable proportion heading
west down Balland Lane. Another photograph shows flooding down Balland Lane past the
College and at the entrance to Glentor where the Balland Stream channel looks to be full and the
flood water appears to have backed from the entrance to the culvert under the B3352.

4.3.

The flooding events in November 2012 and March 2013 occurred in part due to high flows in the
Balland Stream, and in March 2013 the flooding occurred downstream of a blockage in the
Balland Stream channel just upstream of the Love Lane culvert, where these was also debris on
the screen and a possible collapse within the culvert.

4.4.

Winter 2013-2014 also had prolonged periods of rainfall. The Devon County Council Flood
Investigation Report Devon Winter Floods 23rd December 2013 – 14th February 2014 Final
Report states that the winter it was wetter than average with October 2013 twice as wet as the
average, with areas receiving very heavy rainfall (90-100mm+) in a thirty hour period over 23rd24th December 2013, which was largely absorbed over west Dartmoor but caused flooding in the
River Teign catchment. Flows in the River Dart at Austins Bridge were the eighth and thirteen
highest since recording began in October 1958.

4.5.

However over that winter period although the Flood Investigation Report records some reported
flooding in Ashburton due to surface water runoff, a high water table or the River Ashburn, it does
not record a flooding incident due to the Balland Stream. It does record that the Holbeam Dam on
the River Lemon to which the Kestor Brook flows, overtopped slightly on 23rd December 2013,
which indicates high flows from the catchment above.

4.6.

Indeed there is anecdotal evidence that during the winter 2013-2014 there was prolonged
standing water within the area south of the A38, north of Gale Road between Mead Cross and
south of Goodstone. The fact that flooding was prolonged may suggest a seasonally high water
table, though it can be observed that the water flow route also has several constraints which
hinder flow, such as hedge field boundaries, small pipes susceptible to blockage, and an
overgrown poorly defined channel in places.

4.7.

The lowest level of Linhay Hill Quarry, level 5 (82-68mOD) was also flooded from approximately
18th December 2013 to 1st March 2014 due to the wet weather and the Balland Pit reached
capacity, meaning no water could be pumped from level 5 for about four weeks. The water in the
base of the quarry was about five metres deep with an estimated 121,000m3 stored, however the
water level would have been well below the ground level south of the A38 adjacent Gale Road.

Sources of Flood Risk
4.8.

There are a number of different forms of flooding which should be appraised in order to
determine the implications for the development and off site areas. This section of the flood risk
assessment provides an initial assessment of sources of flood risk, identifying those that could
potentially pose a significant risk to the quarry extension proposals or off site areas. The
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remainder of this flood risk assessment study then focuses on the flood risks identified as
potentially significant requiring further evaluation and mitigation.
Table 4-1

Summary Assessment of Sources of Flood Risk

Flood Risk

Description

Fluvial
flooding

Exceedance of the flow
capacity of river channels,
leading to overtopping of the
river banks and inundation of
the surrounding land. Climate
change is expected to
increase the risk of fluvial
flooding in the future.

Tidal flooding

Surface
water
flooding

Assessment

1. The length of Balland Lane to
be widened and the junction of
the new Waye Lane with
Balland Lane lie within Flood
Zone 3 of the Balland Stream
and the Ashburton Critical
Drainage Area.
2. The new Waye Lane public
road and footpath will cross
spring fed watercourses within
the upper catchment of the
Balland Stream and will be
within the Ashburton Critical
Drainage Area.
3. The existing Linhay Hill Quarry
lies wholly within the Ashburton
Critical Drainage Area.

Potentially
Significant (further
evaluation required)

Yes

Propagation of high tides and
storm surges along tidal river
Linhay Hill Quarry and the
channels, leading to
development proposals are not
overtopping of the river banks
within a tidal flood risk zone.
and inundation of the
surrounding land.

No

Intense rainfall that exceeds
1. The length of Balland Lane to
the available ground infiltration
be widened and the junction of
capacity and / or the
the new Waye Lane with
Application Site the drainage
Balland Lane lie within Flood
capacity leading to overland
Zone 3 of the Balland Stream
flows and surface water
and the Ashburton Critical
flooding. Climate change is
Drainage Area.
expected to increase the risk 2. The new Waye Lane public
of surface water flooding in
road and footpath will cross
the future.
watercourses within the upper
catchment of the Balland
Stream.
3. The quarry’s catchment area
will increase thereby increasing
the risk of surface water
flooding within the quarry.
4. The proposed bunds will
intercept existing surface water
overland flow routes.

Yes
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Flood Risk

Description

Sewer
Flooding

Flooding from sewers is
caused by exceedance of
sewer capacity or a blockage
in the sewer network. In areas
with a combined sewer
network system there is a risk
that land and infrastructure
could be flooded with
contaminated water.

Groundwater
flooding

Other
sources of
flood risk

Assessment

Linhay Hill Quarry and the
development proposals are not
within area at risk from sewer
flooding.

Emergence of groundwater at
the surface (and subsequent
overland flows) or into
subsurface voids because of
abnormally high groundwater
flows, the introduction of an
obstruction to groundwater
flow and / or the rebound of
previously depressed
groundwater levels.

1. The existing Linhay Hill Quarry
intercepts groundwater spring
flows and the quarry extension
will intercept groundwater.
2. Restoration of the quarry will
result in rebound of the
groundwater level to its
previous natural level.

Flooding from canals,
reservoirs (breach or
overtopping) and failure of
flood defences.

There are no canals or embanked
reservoirs in the vicinity of Linhay
Hill Quarry and proposed extension
proposals.

Potentially
Significant (further
evaluation required)

No

Yes

No

4.9.

In addition to the risk due to fluvial flooding, several areas in the vicinity are highlighted as being
at risk on the Environment Agency’s maps ‘Risk of Flooding from Surface Water’. Many areas are
shown to be at risk within the existing Linhay Hill Quarry, but that is not a concern because
surface water runoff is actively managed by the quarry as part of its daily operations. Of note
though is surface water flood risk along the minor watercourses from the silted former fish pond
at Waye, and from Waye Plantation and Higher Brownswell which lead to a relatively large area
shown as ‘High’ risk over the track between Waye and Place. That is where the watercourse
flows under the track via a 450mm diameter pipe to join the culvert under the quarry’s spoil tip.
High risk means an area has a chance of flooding of greater than 1 in 30 (3.3%) and in that area
the Environment Agency’s maps ‘Surface Water Depth – High Change of Occurring’ indicate a
depth of over 900mm.

4.10.

There is anecdotal evidence that flooding occurs along the farm track at that location, and record
drawings indicate the 450mm diameter pipe may have a gradient of around 1 in 22, which would
imply a pipe full capacity of about 692 litres per second. However from the Devon Hydrology
Strategy predicted flows for the Balland Stream, the 1 in 2 year median annual flow (QMED) for
the sub-catchment to that point is estimated as 602 l/s and the 1 in 5 year flow is estimated as
829 l/s, so flooding for the existing situation is likely. Hence that flooding provides attenuation to
the downstream flows, even with the surcharged pipe carrying slightly more than the estimated
pipe full capacity.

4.11.

Surface water flow from Alston Wood through Alston Farm and along the farm access track is
show to be at ‘Low’ risk i.e. a chance of flooding of between 1 in 1,000 (0.1%) and 1 in 100 (1%).
Before reaching Alston Lane that flow route heads south east across the farm fields utilised by
Fine Turf (Devon) Ltd. to reach the wide vegetated ditch parallel to the A38. The spring fed
seasonal watercourse east of the farm buildings, which also traverses the Alston Farm fields in
channels which run adjacent hedge field boundaries, is not shown as being at risk of surface
water flooding. However from observations it is apparent that on occasions in the southern most
field prior to the A38 flow also occurs overland adjacent to the channel.
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4.12.

South of the A38 a ‘Low’ risk of surface water flooding is shown along the topographical valley of
the Kestor Brook though in some areas that marking is across fields where there is no defined
watercourse channel. Occasional short sections are shown to be locally ‘High’ risk. In addition
‘High’ risk is shown along the section north of Gale Road from east of Mead Garage just east of
Mead Cross. The ‘Low’ risk of surface water flooding is shown crossing the lane from the A38 to
Mead Cross at a point north of Mead Cross, but surface water flood has been observed to occur
at Mead Cross with water flowing from the fields to the south west of the crossroads to the field to
the north east.

Flood Risk Mitigation Strategy
4.13.

Due to the Balland Stream Critical Drainage Area, the overarching flood risk mitigation aim is to
reduce flood risk to Ashburton. But commensurate with that aim is also the need to reduce flood
risk to the quarry operations, reduce flood risk to the new Waye Lane public road, reduce the
potential for an impact due to surface water runoff from the bunds, and to mitigate the effect of
changes to the existing surface water drainage.

4.14.

An obvious option to reduce flood risk to Ashburton is to divert high flows in the Balland Stream
into the quarry. However water diverted to the quarry will subsequently need to be managed and
pumped out, and so diverting water into the quarry will increase the operating costs of the quarry.
Therefore to lessen the volume of water that might need to be diverted into the quarry, upstream
catchment attenuation storage areas will be formed, the aim being that only the most extreme
events would cause water from the Balland Stream to be diverted into the quarry. The upstream
catchment attenuation storage will also be formed to reduce flood risk to the new Waye Lane
public road.

4.15.

The combined approach of upstream catchment attenuation storage and diversion of flow into the
quarry will need to be sufficient to mitigate local areas where surface water runoff will increase
towards Ashburton, and where flow control with attenuation storage cannot be practically
provided. Those areas are the widening of Balland Lane and of the junction of Waye Lane with
Balland Lane.

4.16.

Drainage around the quarry extension as it progresses in stages to the north east will reduce the
direct run off into the quarry, and drainage around the new bunds will intercept run off and enable
settlement of suspended solids until the bunds are wholly restored with vegetation. The quarry
extension will reduce the upper topographic catchment of the Kestor Brook, and that is likely to
offset the potential for increased runoff from the bunds. Settlement ponds will be formed to
ensure settlement of suspended solids during the bund construction and can be restored to form
naturalised detention basins once the bunds are fully vegetated. There will also be diversion of a
spring fed seasonal ordinary watercourse around the bunds, such that it can continue to
discharge to the wide vegetated ditch parallel to the A38, where the water infiltrates or can flow
under the A38 via a 300mm diameter pipe. Other new drainage around the quarry and bunds will
have a single discharge point to that pipe inlet.

4.17.

The following sections provide details of the flood risk mitigation measures and the hydrological
parameters used for initial design.
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5.

Hydrological Design Parameters

Peak River Flows predicted by Devon Hydrology Strategy
5.1.

The Devon Hydrology Study was undertaken for the Environment Agency in 2007 and updated in
2012 to derive QMED to Q1000 river flow estimates for gauged and ungauged catchments in
Devon with flow node spacing of 50-200m. For ungauged catchments such as the Balland
Stream and Kestor Brook the concept was to establish simple empirical formulae for each region
based on the neighbouring gauging information with QMED growth from the most similar
catchments, the formula being expressed as:
Q100 / AREA = a (AREA)^b

5.2.

From the Devon Hydrology Strategy, a ‘Flow Node and Statutory Main River Map’ centred on
Linhay Hill Quarry’ is provided in Appendix A.5, with the associated ‘Modelled Flood Flows’ for
the nearest nodes along the Balland Stream and Kestor Brook.

5.3.

The first flow node on the Balland Stream downstream of Linhay Hill Quarry is node 3532, and
then two intermediary nodes 3531 and 3530 prior to node 3529 which was utilised in the Level 2
Strategic Flood Risk Assessment for Chuley Road, Ashburton, March 2014, carried out for the
Dartmoor National Park Authority by Parson Brinkerhoff. Along the Kestor Brook the first node
downstream of the Linhay Hill proposed extension is node 2773. The predicted flows for that
node and those along the Balland Stream are replicated in the following table.

Table 5-1

Devon Hydrology Strategy flow nodes nearest Linhay Hill Quarry

Watercourse

Node

Catchment
Area km2

Estimated Flood Flows, in m3/s, for return period
QMED

1 in 10yr 1 in 25yr 1 in 50yr

1 in 100yr

Balland Stream

3532

3.22

2.23

3.61

4.44

5.16

5.96

Balland Stream

3531

3.24

2.24

3.63

4.47

5.18

5.99

Balland Stream

3530

3.43

2.35

3.81

4.68

5.44

6.29

Balland Stream

3529

3.55

2.42

3.92

4.82

5.59

6.47

Kestor Brook

2773

3.01

2.11

3.41

4.20

4.87

5.64

Notes:
1. For both watercourses the flows at each node have been derived using the Devon Hydrology
Strategy empirical parameters for Region N, which are: coefficient a=2.243, coefficient b=-0.164,
as given in the Devon Hydrology Strategy 2012 Ungauged Catchment Flow Analysis (Trend
Analysis) October 2013 Final Report 9X1663, Table 1: Trend Regions and formulae for DHS 2012
update, which also states the growth curve from Bickington is to be utilised.
2. The Devon Hydrology Strategy 2012 Update Volume 2 – C: South Devon, October 2012 Final
Report, 9X1663, Appendix C1.2 River Lemon (Bickington GS) gives the Coefficient of Growth
Curve from the Pooling Analysis as follows:
Return period

Q2

Q5

Q10

Q25

Q50

Q100

Q250

Q500

Q1000

Growth factor

1.00

1.36

1.62

1.99

2.31

2.67

3.24

3.72

4.30

FEH Catchment Descriptors
5.4.

Catchment descriptors have been obtained from the Flood Estimation Handbook (FEH) Web
Service for the Balland Stream and Kestor Brook catchments. The catchment descriptors have
been utilised in the Revitalised Flood Hydrograph (ReFH2) model design package (version 2.1)
to derive flood peaks flows and hydrographs, and to derive design rainfall inputs using the FEH
2013 rainfall Depth-Duration-Frequency (DDF) model (which became available in November
2015 via the FEH Web Service).
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5.5.

For the Balland Stream the descriptors are listed in the following table for a point as close as
possible to the first Devon Hydrology Strategy node (3532) downstream of the existing quarry at
national grid reference 276245, 70282, a 3.22km2 catchment.

Table 5.2

FEH Catchment Descriptors for the Balland Stream to NGR 276200, 70300

Parameter

Value
3.233 km2

Parameter
RMED-1D

Value
52.3 mm

ALTBAR

137 m

RMED-2D

67 mm

ASPBAR

220 degrees

SAAR

1304 mm

ASPVAR

0.24

SAAR4170

1315 mm

BFIHOST

0.629

SPRHOST

25.33

DPLBAR

1.43 km

UBRCONC1990

0.738

DPSBAR

103.5 m/km

URBEXT1990

0.0296

1

URBLOC1990

0.382

2.9 km

UBRCONC2000

0.735

PROPWET

0.47

URBEXT2000

0.0671

RMED-1H

12.3 mm

URBLOC2000

0.451

C

-0.03172

D3

0.3953

D1

0.48846

E

0.30348

D2

0.36664

F

2.5118

C(1km)

-0.032

D3(1km)

0.382

D1(1km)

0.5

E(1km)

0.306

D2(1kM)

0.375

F(1km)

2.554

AREA

FARL
LDP

Catchment average DDF values

1km point DDF values for

5.6.

For the Kestor Brook the descriptors in the following table are for nearest Devon Hydrology
Strategy node point, which was number 2773 at national grid reference 279050, 70282, a
3.01km2 catchment extending to south of the A38.

Table 5.3

FEH Catchment Descriptors for the Kester Brook to NGR 279050, 71450

Parameter

Value
3.01 km2

Parameter
RMED-1D

Value
51.4 mm

ALTBAR

142 m

RMED-2D

65.7 mm

ASPBAR

159 degrees

SAAR

1282 mm

ASPVAR

0.32

SAAR4170

1301 mm

BFIHOST

0.677

SPRHOST

18.38

DPLBAR

1.64 km

UBRCONC1990

-

DPSBAR

101.7 m/km

URBEXT1990

0

1

URBLOC1990

-

3.24 km

UBRCONC2000

0.458

0.47

URBEXT2000

0.0108

AREA

FARL
LDP
PROPWET

Atkins Proposed Extension of Linhay Hill Quarry - Flood Risk Assessment | Version 1.0 | May
2016 | 5137007

28

Proposed Extension of Linhay Hill Quarry
Flood Risk Assessment
Parameter
RMED-1H

Value
12.3 mm

Parameter
URBLOC2000

Value
0.963

C

-0.03162

D3

0.39156

D1

0.48299

E

0.30178

D2

0.37037

F

2.53875

C(1km)

-0.031

D3(1km)

0.386

D1(1km)

0.476

E(1km)

0.302

D2(1kM)

0.362

F(1km)

2.532

Catchment average DDF values

1km point DDF values for

5.7.

From Ordnance Survey maps the Kestor Brook catchment to its confluence with the River Lemon
is estimated to be about 813 hectares.

Peak River Flows predicted by ReFH2 Model
5.8.

For the Balland Stream to Devon Hydrology Strategy node 3532 and the Kestor Brook catchment
to Devon Hydrology Strategy node 2773, the ReFH2 model indicates response times (time to
peak Tp) of 1.276 hours and 1.387 hours respectively and design storm durations of 2.94 hours
and 3.17 hours respectively.

5.9.

The Level 2 Strategic Flood Risk Assessment for Chuley Road rounded the event duration for
modelling of the Balland Stream to three hours, however the DEFRA / Environment Agency
publication ‘Rainfall runoff management for developments, report – SC030219, October 2013’
requires a six hour event to be used when appraising the additional run off due to development.
Longer duration events will also generate a greater volume of runoff. Greater runoff typically
occurs during winter when there are wetter ground conditions, however sensitivity analysis using
the ReFH2 model indicates higher predicted peak flows when the ‘Summer’ seasonality option is
selected. To provide a comparison to the Devon Hydrology Strategy estimated flood flows, the
ReFH2 model with its 2013 rainfall model has been used to predict flows for various storm
durations, and it was found that a six hour summer event gave the highest peak flows as
summarised in the following table.
Table 5-4 Peak river flows predicted by the ReFH2 model FEH 2013
Storm
duration in
hours

Predicted Peak Flow (summer), in m3/s, for return period
1 in 2 yrs

1 in 5 yrs

1 in 10 yrs

1 in 25 yrs 1 in 50 yrs 1 in 100 yrs

Balland Stream catchment 3.233km2 to grid reference 276200, 70300
3.0

1.56

2.17

2.61

3.21

3.70

4.27

6.0

1.79

2.39

2.82

3.40

3.89

4.47

12.0

1.75

2.28

2.65

3.18

3.63

4.18

24.0

1.18

1.99

1.74

2.37

2.37

2.74

2

Kestor Brook catchment 3.01km to grid reference 279050, 714500
3.0

1.07

1.48

1.78

2.21

2.55

2.95

6.0

1.24

1.66

1.97

2.39

2.76

3.18

12.0

1.25

1.63

1.91

2.29

2.63

3.04

24.0

1.15

1.48

1.71

2.05

2.35

2.74
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5.10.

The Devon Hydrology Strategy estimated peak flows are higher than the peak flows predicted by
the ReFH2 model by around 25-34% for the Balland Stream, and higher for the Kestor Brook by
around 100-117%,. Nevertheless to be conservative and for consistency with the Level 2
Strategic Flood Risk Assessment for Chuley Road it is pragmatic for this Flood Risk Assessment
to align with the Devon Hydrology Strategy estimated peak flow values, and if necessary use the
ReFH2 model to generate a hydrograph from which the flow values can be scaled up to align with
the Devon Hydrology Strategy estimated peak flows.

Predicted Rainfall
5.11.

The ReFH2 FEH 2013 rainfall Depth-Duration-Frequency (DDF) model has been utilised to
derive predicted storm event rainfall as summarised in the following table for summer storms.
Table 5-5 Total Rainfall predicted by the ReFH2 FEH 2013 model
Storm
duration in
hours

Predicted Peak Flow (summer), in mm, for return period
1 in 2 yrs

1 in 5 yrs

1 in 10 yrs

1 in 25 yrs 1 in 50 yrs 1 in 100 yrs

Balland Stream catchment 3.233km2 to grid reference 276200, 70300
3.0

20.9

28.7

34.0

40.9

46.4

52.5

6.0

29.9

39.1

45.3

53.4

59.9

67.2

12.0

40.2

50.8

57.8

67.2

74.9

83.8

24.0

51.2

63.3

71.4

82.4

91.6

102.5

Kestor Brook catchment 3.01km2 to grid reference 279050, 714500
3.0

20.7

28.4

33.7

40.7

46.2

52.2

6.0

29.6

38.7

44.8

52.9

59.4

66.7

12.0

39.7

50.0

57.2

66.5

74.2

83.1

24.0

50.6

62.6

70.7

81.7

90.8

101.8

5.12.

The summer storm rainfall predicted by the ReFH2 FEH 2013 model is slightly higher than the
winter rainfall, and summer storms are generally considered to have a potential for slightly higher
intensity for short durations, whereas winter rainfall can generate more runoff due to saturated
ground. However the Devon Hydrology Strategy predicted peak flows are not specific to a
season, so for this study summer storm rainfall will be utilised.

5.13.

The rainfall predicted by the ReFH2 FEH 2013 model is similar though slightly higher for the
Balland Stream catchment compared to the Kestor Brook catchment. Therefore for design
purposes the storm event rainfall predictions for the Balland Stream catchment will be utilised.

Existing Runoff Coefficient
5.14.

To provide an initial indication of the runoff coefficient for the existing land, reference can be
made to the SPRHOST values in the FEH catchment descriptors. The SPRHOST parameter is
derived from the Standard Percentage Runoff (%) values associated with the HOST soil classes
for the catchment or soils within the catchment, and is 25.33% for the Balland Stream and
18.38% for the Kestor Brook implying potentially slightly higher infiltration within that catchment.
That is also indicated by comparison the slightly higher BFIHOST parameter value for the Kestor
Brook catchment compared to the Balland Stream catchment. The baseflow index (BFI) being a
measure of the ratio of long-term baseflow to total stream flow and representing the slow
continuous contribution of groundwater to river flow.

5.15.

The ReFH2 model derives a hydrograph of the rate of river flow versus time using the FEH
catchment descriptors including the extent of urbanisation, and the hydrograph can be used for
design modelling. However for smaller catchment areas a complete hydrograph of runoff is not
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always required because the peak of the hydrograph can be adequate for design purposes using
simple techniques such as the modified rational method based on the rational method peak flow
formula:
Qp = ( C i A ) / 360
Where:

5.16.

Qp = peak discharge (m3/s), C = runoff coefficient (dimensionless), i = design rainfall
intensity (mm/hr), A = catchment drainage area (ha). Division by 360 (or multiply by
0.00278) is for the units’ conversion.

From the ReFH2 model output it is possible to ascertain that model’s prediction of the net rainfall
causing runoff, or use the predicted peak runoff flow to back calculate a peak runoff coefficient
using the rational method, for which the results are presented in the following table.
Table 5-6 Coefficients for peak surface water runoff
Storm
duration in
hours

Coefficients for peak surface water runoff (summer), for return period
1 in 2 yrs

1 in 5 yrs

1 in 10 yrs

1 in 25 yrs 1 in 50 yrs 1 in 100 yrs

Balland Stream catchment 3.233km2 to grid reference 276200, 70300
3.0

0.223

6.0

0.357

0.231

0.236

0.244

0.249

0.255

0.371

0.380

0.392

0.402

0.413

2

Kestor Brook catchment 3.01km to grid reference 279050, 714500
3.0

0.148

0.154

0.159

0.164

0.169

0.174

6.0

0.242

0.254

0.261

0.271

0.279

0.289

Notes:
1. Derived from the ReFH2 FEH 2013 predicted peak runoff and back calculation using the
rational method.

5.17.

However the ReFH2 hydrograph also incorporates baseflow. Therefore in order to use the
rational method for modelling and design of structures within watercourses with baseflow, overall
catchment response coefficients have been back calculated using the rational method peak flow
formula applied to the Devon Hydrology Strategy peak flows, with the results presented in the
following table. The catchment response coefficients have been calculated for three and six hour
storm durations in order to carry out sensitivity analysis of the effect of storm duration on linked
attenuation storage areas, though for each storm duration this study’s approach will generate the
same peak flows (which are as per the Devon Hydrology Strategy).
Table 5-7 Coefficients for catchment response
Storm
duration in
hours

Coefficients for catchment response (summer), for return period
1 in 2 yrs

1 in 5 yrs

1 in 10 yrs

1 in 25 yrs 1 in 50 yrs 1 in 100 yrs

Balland Stream catchment 3.233km2 to grid reference 276200, 70300
3.0

0.359

0.355

0.356

0.364

0.373

0.381

6.0

0.500

0.521

0.534

0.557

0.577

0.595

Kestor Brook catchment 3.01km2 to grid reference 279050, 714500
3.0

0.364

0.362

0.362

0.370

0.378

0.397

6.0

0.511

0.532

0.545

0.569

0.588

0.606

Notes:
1. Derived from back calculation of rational method formula using Devon Hydrology
Strategy peak flows and ReFH2 FEH 2103 rainfall.
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Greenfield River Flows
5.18.

The ReFH2 model is a recommended method within the CIRIA C753 SuDS Manual 2015 for
estimating greenfield runoff rates and volumes. The ReFH2 model provides predicted river flows
which reflect the urbanisation of a catchment and also predicted flows for the catchment
assuming it is rural land use only (effectively the urban area set to zero). The ReFH2 Technical
Guidance Section 6.2 details the methodology to be applied for plot scale areas of less than
0.5km2 (50 hectares) and notes that SUDS guidance recommends adopting a six hour storm
duration for all return periods when assessing greenfield run off rates.

5.19.

The ReFH2 methodology uses the default seasonality of a winter storm and flows predicted for a
0.5km2 catchment which are then scaled in proportion to the plot area. The estimated greenfield
rural runoff rates determined using the ReFH2 model are provided in the following table, including
plot scale predicted flows using an area of 0.5km2 area, and those are around 10-17% higher per
hectare than for the total catchment areas.
Table 5-8 Greenfield peak river flows predicted by the ReFH2 model FEH 2013
Catchment Greenfield Peak Flow (winter), in m3/s & (l/s/ha), 6hr storm, for return period
Area km2
1 in 2 yrs
1 in 5 yrs 1 in 10 yrs 1 in 25 yrs 1 in 50 yrs 1 in 100 yrs
Balland Stream catchment 3.233km2 to grid reference 276200, 70300
3.233

1.40 (4.3)

1.87 (5.8)

2.19 (6.8)

2.65 (8.2)

3.03 (9.4)

3.48 (10.8)

0.5

0.24 (4.8)

0.32 (6.4)

0.38 (7.6)

0.46 (9.2)

0.53 (10.6)

0.61 (12.2)

Kestor Brook catchment 3.01km2 to grid reference 279050, 714500
3.01

1.04 (3.5)

1.37 (4.5)

1.62 (5.4)

1.95 (6.5)

2.24 (7.4)

2.57 (8.5)

0.5

0.2 (4.0)

0.26 (5.2)

0.31 (6.2)

0.38 (7.6)

0.43 (8.6)

0.5 (10.0)

Notes:
1. Values in brackets are litres per second per hectare.

Topographic Sub-Catchment Areas
5.20.

The Balland Stream catchment to Devon Hydrology Strategy node 3532 and the Kestor Brook
catchment to Devon Hydrology Strategy node 2773 have been appraised with reference to
Ordnance Survey NEXTMap Britain 5m digital terrain contour data acquired for a three kilometre
square (south west corner grid reference 276000, 70000) centred on junction of Alston Lane to
Alston Farm, and to Ordnance Survey OS Terrain 50 data beyond the NEXTMap data. The
appraisal has also taken account of surface water runoff routes such as along roads, tracks or
field hedge boundaries, and changes in the terrain such as due to Linhay Hill Quarry.

5.21.

The catchments have been subdivided to sub-catchment drainage basins which drain to well
defined single outlet points, as shown on LINHAY-ATK-GEN-C-PL-0001 in Appendix B, and a
summary of those sub-catchment areas is provided in the following table.

Table 5-9

Topographic Sub-Catchment Areas
Balland Stream

Kestor Brook

No.

Name

Area
(ha)

Drains No.
to

Name

BS01

Alston Wood

20.664

BS03

KB01 Alston Farm Fields

56.222

BS02

Waye Plantation

13.486

BS03

KB02 Mead Cross

109.045

KB02

BS03

Waye Pond

3.932

BS03

KB03 Caton

46.760

KB04

BS04

Spoil tip west

5.743

BS05

KB04 West of Goodstone

18.087

KB06

Atkins Proposed Extension of Linhay Hill Quarry - Flood Risk Assessment | Version 1.0 | May
2016 | 5137007

Area (ha)

Drains
to

32

Proposed Extension of Linhay Hill Quarry
Flood Risk Assessment
Balland Stream

Kestor Brook

No.

Name

BS05

Waye Farm

22.138

BS06

BS06

Brownswell

23.325

3532

BS07

Place Wood

9.900

3532

BS08

Quarry bunds

1.451

3532

BS09

Ashburton north of A38

73.037

3532

BS10

Ashburton south of A38

96.537

3532

Q01

Quarry workshops

5.354

3532

Q02

Quarry void

51.781 Pump to
3532

3532

Total to Devon
Hydrology Strategy
Node 3232

327.348

5.22.

Area
(ha)

Drains No.
to

Downstream

Area (ha)

Drains
to

KB05 Penpark Plantation

27.224

KB06

KB06 East of Goodstone

45.306

2773

Total to Devon
Hydrology Strategy
Node 2773

302.643

Downstream

2773

Name

The total catchment areas determined are similar to those determined by the Devon Hydrology
Strategy node points and the Flood Estimation Handbook (FEH) Web Service catchment
descriptors to those points. In the case of the Balland Stream the slightly greater area is mainly
because the quarry’s north eastern corner now extends beyond the Flood Estimation Handbook
catchment area for that watercourse.

Time of Concentration
5.23.

The ReFH2 model indicates a catchment response time of 1.276 hours for the Balland Stream to
Devon Hydrology Strategy node 3532, and a catchment response time of and 1.387 hours for the
Kestor Brook catchment to Devon Hydrology Strategy node 2773. Those are the predicted times
after which all areas of the catchments will be contributing runoff to their respective outlet points
(which in this instance are the Devon Hydrology Strategy node points), but the smaller subcatchment areas are likely to have more rapid response times.

5.24.

When modelling using the modified rational method the catchment response time is referred to as
the time of concentration (tc), which is often defined to be the time required for runoff to travel
from the most hydraulically distant part of a watershed to its outlet. With the modified rational
method a single storm duration, which may be longer than a drainage area’s time of
concentration, is applied to all the drainage areas to generate a hydrograph for that storm
duration. For each drainage area the runoff flow rate is assumed to rise to a peak at the time of
concentration, and then stay steady at that flowrate until the end of the storm duration, and
thereafter recedes at the same rate as it rose during the time of concentration duration, forming a
trapezoidal hydrograph.

5.25.

Drainage may occur by overland flow or channel flow or more likely a combination as is
observable within the Balland Stream and Kestor Brook catchments. There are several methods
for estimating the time of concentration from which it was considered the Kerby and Kirpich
equations for overland and channel flow respectively, (ref. Hydraulic Design Manual Section 11,
August 2015, Texas Department of Transportation) gave credible values for the sub-catchment
areas:
For overland flow: tov = K (L x N)0.467 S-0.235
For channel flow: tch = 0.0078 L0.77 S-0.385
Where: tov = overland flow time of concentration in minutes, tch = channel flow time of
concentration in minutes, K = 1.44 a units conversion coefficient, L = the overland flow length in
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meters, N = a dimensionless retardance coefficient which is 0.4 for pasture / grass, and 0.6 for
deciduous forest.
5.26.

Table 5-10

Values used to derive time of concentrations for sub-catchment areas in the upper Balland
Stream sub-catchments through which the new Waye Lane will traverse, are detailed in the
following table. However when modelling combined flows from the sub-catchment areas using
the modified rational method to assess attenuation storage, the results were found to not be
particularly sensitive to the time of concentration assigned to the sub-catchments.
Estimates for Time of Concentration for Balland Stream Sub-catchments

Catchment Parameter

Sub-catchment
Alston
Waye
Waye
Wood Plantation Pond

Width from high to low point (m)

Spoil
Tip
West

Waye Brown- Place Quarry
Farm swell Wood bunds

565

560

230

325

906

918

505

400

Highest elevation (mOD)

236.5

226

165

145

216

240

192

117

Lowest elevation (mOD)

143

165

136

117

117

114.69

110.5

102.5

Average slope

0.165

0.109

0.126

0.086

0.109

0.137

0.161

0.036

Kerby tov with N=0.4, (mins)

27.63

30.35

19.36

24.88

37.94

36.26

26.37

Kirpich tch (mins)
Time of concentration used

7.05
28

30

19

25

38

36

26

7

Potential for Climate Change
5.27.

The proposal is for the quarry to operate for about a further sixty years and thereafter restoration,
with the quarry’s restored extraction area and restored bund areas being managed in perpetuity.
Therefore it is necessary to demonstrate how flood risk will be managed now and over the
development’s lifetime taking the potential for climate change into account.

5.28.

Within flood risk assessment an allowance for potential climate change is made to help minimise
vulnerability and provide resilience to flooding, and the National Planning Policy Framework
guidance is provided in Flood Risk Assessments: Climate Change Allowances, applicable from
19th February 2016. Its Table 2 ‘peak rainfall intensity allowance in small and urban catchments’
prescribes for peak rainfall intensity ‘Upper end’ and ‘Central’ allowances of 40% and 20%
respectively for the total potential change anticipated for 2060 to 2115 to be used to understand
the range of possible impact.

5.29.

For comparison to those allowances, the UKCP09 climate change projections for precipitation
have been obtained for the locality of Linhay Hill Quarry via the UKCP09 web user interface, and
those projections are summarised in the following table.

Table 5-11

UKCP09 Project Change in Precipitation for 2070-2099 for 25km Grid Box. 1695

Probability Level

Medium – High Emissions Scenario
Winter Wettest Day

Summer Wettest Day

Annual

1.2 to 3.2%

-34.0 to 43.3%

-9.8 to -12.3%

50% central estimate

14.6 to 18.5%

-11.3 to -17.0%

-2.6 to 3.5%

90% very unlikely to be greater than

31.2 to 38.9%

15.3 to 16.0%

4.5 to 5.2%

10% very unlikely to be less than

Notes:
1. UKCPO9 gives the wettest day of the season as the predicted 99th percentile of the daily rainfall.
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5.30.

The UKCP09 climate change projections indicate that an increase in storm event rainfall is most
likely in winter and an increase is much less likely in summer. It can be seen that the National
Planning Policy Framework prescribed ‘Upper end’ and ‘Central’ allowances of 40% and 20%
respectively, are slightly more conservative than the UKCP09 predictions for the high emission
scenario 90% probability level.

5.31.

Therefore as the upper Balland Stream and Kestor Brook catchments near Linhay Hill Quarry are
essentially rural with no likelihood of major urban development, it is considered sufficiently
conservative to apply the ‘Central’ allowance for potential climate change to the operating life of
the extended quarry in proposed Stages 1 to 5, and for the restored quarry Stage 6 to also
assess the impact of the Upper end allowance for potential climate change.
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6.

Flood Risk Mitigation Details

Balland Lane Widening
6.1.

Currently storm water runoff flows west down Balland Lane where the catchment to the lane
includes some of the east bound slipway onto the A38. Balland Lane rises slightly as it crosses a
bridge culvert for the west flowing Balland Stream, and it is possible for the surface water runoff
to flow into the Balland Stream at that point. However the sub-catchment of Balland Lane to the
bridge culvert over the Balland Stream begins to the east of the area to be widened, extending
east of the entrances to the quarry to close to the B3352 slip road to the A38. When surface
water runoff flows are high some of the flow down Balland Lane carries past the outlets to the
Balland Stream, and so that flow continues on along Balland Lane to existing highway drainage
or contributes to flooding along Balland Lane west of South Dartmoor Community College.

6.2.

Widening of the lane also entails widening of the bridge culvert and drainage will be installed to
ensure that flow down Balland Lane from the east is captured to discharge to the Balland Stream,
and does not flow beyond the widened bridge culvert. Over the existing length of Balland Lane to
be widened, there is with 444m2 of tarmac surface at higher elevation east of the Balland Stream
and 288m2 of tarmac surface to the west of the stream, a total of 732m2, as shown on drawing
LINHAY-S0-C-PL-0101 in Appendix C. In total the widened section will increase the tarmac
surface to 1,363m2, but with 816m2 of that at higher elevation east of the Balland Stream which
will drain direct to that watercourse. The 547m2 of tarmac surface west of the Balland Stream will
drain to existing positive drainage within Balland Lane.

6.3.

Overall the widening will increase surface water runoff along Balland Lane into the Balland
Stream, and so that increase will be mitigated by upstream catchment attenuation storage and
diversion of peak flows to the quarry. An assessment of the potential increase in peak flow which
needs to be mitigated is provided in the following table.

Table 6-1

Assessment of surface water runoff from widened section of Balland Lane

Parameter

Existing Balland Lane

Future post widening

Total Area, A, (ha)

0.1363

0.1363

Area with vegetation, Av, (ha), coefficient of runoff
Cv = 0.4 (as previously calculated for Balland
Stream catchment)

0.0631

0.0

Area with impermeable surface west of Balland
Stream

0.0288

0.0547

Area with impermeable surface east of Balland
Stream, (ha),

0.0444

0.0816

Total area with impermeable surface, Aimp, (ha),
coefficient of runoff, Cimp = 1

0.0732

0.1363

Summer storm, 3 hours, total rain (mm), 1 in 100
year event

52.5

63-75.6 (including 20-40%
for potential climate change)

Summer storm, 3 hours, rainfall intensity, i,
(mm/hr), 1 in 100 year event

17.5

21-25.2 (including 20-40%
for potential climate change)

0.0048

0.0080-0.0095

N/A

0.032-0.0047

Peak runoff, Q = (CimpAimp + CvAv) i / 360, (m3/s)
3

Predicted increase in peak runoff, (m /s)

6.4.

The assessment indicates storm flows in the Balland Stream downstream of Balland Lane need
to be reduced by up to 4.7 litres per second for a 1 in 100 year event including an allowance for
potential climate change.
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6.5.

The increase in tarmac road area west of Balland Stream could cause an increase in surface
water runoff to existing drainage in Balland Lane, unless that potential increase is mitigated by
drainage at the widened bridge culvert to intercept surface water runoff from the entire Balland
Lane sub-catchment to the east. That sub-catchment is estimated to include a further 0.155
hectares approximately, though highway drainage is normally designed to a 1 in 2 year event,
flooding events in Balland Lane are less frequent than that return period. Therefore it seems
likely the existing bridge culvert intercepts the runoff flows for rarer events, at least up to a 1 in 5
year event, probably some flow for rarer events. However with the proposed widening of Balland
Lane, its vertical alignment has also been adjusted to ensure that surface water runoff from the
lane’s catchment east of Balland Stream is diverted to the Balland Stream.

6.6.

Additionally the Waye Lane junction with Balland Lane will be at a lower elevation than the
nearby Balland Stream and so could also cause an increase in surface water runoff to existing
drainage in Balland Lane. Therefore an appraisal of the change to surface water runoff west of
the Balland Stream due to the widening of Balland Lane and construction of Waye Lane is
provided in the following section.

Waye Lane Public Road and Footpath Diversion
6.7.

The new Waye Lane public road is 1,345m to its junction with Alston Lane and will have a
minimum tarmac surfaced width of 3.25m with a 0.5m margin either side to provide construction
flexibility in forming the alignment. That margin is unlikely to be entirely surfaced with tarmac, but
may become compacted and so is included in the road’s impervious runoff area. There are also
passing spaces and local widening for visibility and a side access road to Waye Farm.

6.8.

The total impervious area of the new road including passing spaces and the side access road to
Waye Farm is estimated to be 0.814 hectares, of which approximately 0.160 hectares, from
chainage 0 to chainage 330m, will have to drain directly towards the Balland Lane and Balland
Stream. The other 0.655 hectares will drain to the Balland Stream channel which flows around
the northwest of the quarry workshop area, and represents 0.65% of the 100.64 hectares of
upper sub-catchment of the Balland Stream to its existing overflow point to the quarry.

6.9.

Surface water runoff will run along either side of the new impervious tarmac road surface and
flow down the slope of the new road constrained mainly by the hedge banks, with positive
drainage to three attenuation storage areas, which will be at Waye Pond, east of Brownswell and
east of Place Wood, as shown on LINHAY-ATK-S0-C-PL-0201 in Appendix C. The diverted
footpath will have an unbound surface and so surface water runoff from the footpath will be
similar to the existing situation and no specific flood risk mitigation due to the footpath diversion is
required. Upstream north east of the new Waye Lane junction with Alston Lane there are two
existing spring fed ponds within an Alston Farm field, and those ponds discharge to Waye Pond.
Those ponds will be expanded to form much larger detention basin attenuation storage areas, as
shown on drawings LINHAY-ATK-S0-C-PL-0201 and 0202 in Appendix C. Drawing 0202
provides an indication of the cut and fill to form the detention basins, and drawing 0201 provides
an indication of the flood water levels including over existing terrain.

6.10.

Of the 0.160 hectares from chainage 0 to chainage 330 of new impermeable tarmac surface area
which will have to drain directly towards Balland Lane, approximately 0.125 hectares, from
chainage 50 to chainage 330, will have positive drainage which will discharge to the Balland
Stream at the bridge culvert where it passes under Balland Lane just south of the quarry. The
remaining 0.035 hectares to chainage 50 will drain to existing positive drainage within Balland
Lane.

6.11.

Overall the 0.160 hectares of new Waye Lane impermeable tarmac surface has the potential to
increase surface water runoff directly to Balland Lane and the Balland Stream, so that potential
increase will be mitigated by the upstream catchment attenuation storage and diversion of peak
flow to the quarry. An assessment of the potential increase in peak flow which needs to be
mitigated is provided in the following table.
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Table 6-2

Assessment of Surface Water Runoff from Waye Lane directly to Balland Stream

Parameter

Existing land

Future route of Waye Lane

Total Area (ha)

0.1596

0.1596

Area with vegetation, Av, (ha), coefficient of
runoff Cv = 0.4 (as previously calculated for the
Balland Stream catchment)

0.1596

0.0

Area with impermeable surface, Ah, (ha),
coefficient of runoff, Ch = 1

0.0

0.1596

Summer storm, 3 hours, total rain (mm), 1 in
100 year event

52.5

63-75.6 (including 20-40% for
potential climate change)

Summer storm, 3 hours, rainfall intensity, i,
(mm/hr), 1 in 100 year event

17.5

21-25.2 (including 20-40% for
potential climate change)

0.0031

0.0093-0.0112

Peak runoff, Q = (ChAh + CvAv) i / 360, (m3/s)
3

Predicted increase in peak runoff, (m /s)

0.0062-0.0081

6.12.

The assessment indicates storm flows in the Balland Stream need to be reduced by up to 8.1
litres per second for a 1 in 100 year event to mitigate the section of the Waye Lane which will
drain directly towards Balland Lane, Balland Stream and Ashburton.

6.13.

Additionally as previously highlighted in the previous section, widening Balland Lane west of the
Balland Stream, combined with Waye Lane to about chainage 50, has the potential to cause an
increase in surface water runoff onto Balland Lane. However that additional runoff may be largely
mitigated by improving the drainage at the widening of the Balland Lane bridge culvert over the
Balland Stream. The improved drainage is to ensure surface water runoff down Balland Lane
from its sub-catchment to the east is wholly intercepted to discharge directly to the Balland
Stream. Therefore an assessment of the potential for an increase in surface water runoff along
Balland Lane due to Waye Lane and the widening of Balland Lane west of Balland Stream is
provided in the following table.

Table 6-3

Assessment of Surface Water Runoff onto Balland Lane west of Balland Stream

Parameter

Existing runoff on
Balland Lane from

Future runoff on Balland
Lane post widening and
with Waye Lane

West of
Balland
Stream

East of
Balland
Stream

West of
Balland
Stream

East of
Balland
Stream

Waye Lane area with vegetation, (ha)

0.0347

0.0

0.0

N/A

Balland Lane section to be widened, area with
vegetation, (ha)

0.0259

0.0372

0.0

N/A

Total area with vegetation, Av, (ha), coefficient of
runoff Cv = 0.4 (as previously calculated for the
Balland Stream catchment)

0.0635

0.0370

0.0

N/A

Waye Lane area with impermeable surface, (ha)

0

0

0.0347

N/A

0.0288

0.0406

0.0547

N/A

Balland Lane east of section to be widened, with
impermeable surface, (ha)

N/A

0.1552

N/A

N/A

Total impermeable area, Aimp, (ha), coefficient of
runoff, Cimp = 1

0.0288

0.0406

0.0894

N/A

Balland Lane section to be widened, with
impermeable surface, (ha)
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Parameter

Existing runoff on
Balland Lane from

Future runoff on Balland
Lane post widening and
with Waye Lane

West of
Balland
Stream

East of
Balland
Stream

West of
Balland
Stream

East of
Balland
Stream

Summer storm, 3 hours, rainfall intensity, i5, (mm/hr),
1 in 10 year event

N/A

11.3

N/A

N/A

Summer storm, 3 hours, rainfall intensity, i100,
(mm/hr), 1 in 100 year event

17.5

17.5

17.5

N/A

0.0043

N/A

0.0034

N/A

N/A

1

1.2-1.4

N/A

Peak runoff from west of Balland Stream, Qw = (ChAh
+ CvAv) i / 360, (m3/s)

0.0026

Peak runoff from east of Balland Stream carried past
Balland Stream bridge culvert, Qe = (ChAh + CvAv)
(i100-i5) / 360, (m3/s)

N/A

Factor for potential climate change, Fcc

1

Predicted peak runoff, Qp = Fcc (Qw+Qe) (m3/s)

0.0060

0.0052-0.0061

Notes:
1. Post widening of Balland Lane surface water runoff down Balland Lane from east of Balland
Stream will be intercepted to drain directly to the Balland Stream with no carry past.

6.14.

The assessment indicates it is unlikely that Waye Lane and the widening of Balland Lane will
cause additional surface water runoff in to Balland Lane because that risk will be mitigated by
improvements to the drainage at the widening of the Balland Lane bridge culvert over the Balland
Stream. Those improvements will ensure surface water runoff down Balland Lane from its subcatchment to the east is wholly intercepted to discharge directly to the Balland Stream.

6.15.

Within the Balland Stream upper catchment along Waye Lane, there will be 0.63 hectares of new
impermeable tarmac including passing spaces and access to Waye Farm. The changes to the
sub-catchments due to the attenuation storage and drainage from the new access to Alston
Farm, are shown on LINHAY-ATK-GEN-C-PL-0102 in Appendix C, and summarised in the
following table.

Table 6-4

Sub-catchment changes to the Balland Stream upper catchment

Sub-catchment

Existing
Area (ha)

Drains to:

Change
(ha)

Future at end of Stage 0 (see note 1)
Area (ha)

Drains to:

Alston Wood

20.664

Waye Pond

-0.5035

20.160

Waye Pond

Alston Farm
Fields

56.222

Mead Cross (to
Kestor Brook)

-0.4201

55.802

Mead Cross (to
Kestor Brook)

Waye Pond

3.932

Spoil Tip West

+0.904

4.837

Spoil Tip West

Quarry void

51.781

Ashburton north
of A38

+0.253

52.034

Ashburton north of
A38

Notes:
1. After Stage 0 the sub-catchment Alston Farm Fields reduces further as the quarry extends into that
area.

6.16.

Taking account of those changes, the flood risk and requirement for attenuation storage in the
upper catchment of the Balland Stream has been appraised by modelling using the modified
rational method, with catchment response coefficients calculated for the existing situation
adjusted to account for the new Waye Lane impervious area by the following method:
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Adjusted catchment response coefficient = [ CRexist x (Ac – Ard) + CRrd x Ard ] / (Ac + Ard)
Where CRexist = catchment response coefficient for existing situation, Ac = sub-catchment area,
Ard = impervious area of Waye Lane draining to attenuation storage within the sub-catchment,
CRrd = 1 as the coefficient of runoff from the impervious Waye Lane tarmac road surface.
6.17.

The catchment response values modelled are summarised in the following table.

Table 6-5

Coefficients for catchment response adjusted to include the new Waye Lane

Catchment Details

Area of Waye
Lane within
catchment
Area (ha)
(ha)

Name

Catchment response (summer), for return period,
adjusted to include Waye Lane impermeable area
1 in 5 yr

1 in 10 yr

1 in 25 yr

1 in 100 yr

3 hour rainfall event
Alston Wood

20.160

0

0.36

0.36

0.36

0.38

Waye Plantation

13.486

0

0.36

0.36

0.36

0.38

Waye Pond

4.837

0.147

0.38

0.38

0.38

0.40

Spoil Tip West

5.743

0.342

0.39

0.40

0.40

0.42

Waye Farm

22.138

0

0.36

0.36

0.36

0.38

Brownswell

23.325

0

0.36

0.36

0.36

0.38

Place Wood

9.900

0.116

0.37

0.37

0.37

0.39

Quarry bunds

1.451

0.036

0.37

0.37

0.37

0.39

6 hour rainfall event
Alston Wood

20.160

0

0.52

0.53

0.56

0.60

Waye Plantation

13.486

0

0.52

0.53

0.56

0.60

Waye Pond

4.837

0.147

0.54

0.55

0.57

0.61

Spoil Tip West

5.743

0.342

0.55

0.56

0.58

0.62

Waye Farm

22.138

0

0.52

0.53

0.56

0.60

Brownswell

23.325

0

0.52

0.53

0.56

0.60

Place Wood

9.900

0.116

0.53

0.54

0.57

0.61

Quarry bunds

1.451

0.036

0.53

0.54

0.57

0.61

Notes:
1. Coefficients for existing catchment response and after addition of the runoff due to the new Waye
Lane have been rounded to two decimal places.

6.18.

The modelling has been carried out using Autodesk Storm and Sanitary Analysis software
(2015/2016) with hydrodynamic routing and the results are summarised in the following table.
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Table 6-6

Summary of Balland Stream Upper Catchment Attenuation Storage Details

Parameter Alston Farm field Waye Pond Brownswell
ponds’ detention
detention basin
basins

Place Wood
detention
basin

Attenuation Each with 1.2m
storage
depth, combined
details
volume 3,868m3
but modelled as a
single pond. Max.
depth 1.5m total
volume 5124m3

2m depth
from 134136mOD,
1692m3,
overtops at
2.28m depth
2122m3

2m depth from
114.8-117.3mOD,
2,144m3, floods to
middle of Waye
Lane at
117.6mOD,
2745m3

1.25 depth
from 110111.25mOD,
385m3,
maximum at
1.6m depth
617m3

Freeboard

0.3m above 1.2m
depth, minimum
3,949m2

0.28m above
136mOD,
minimum
1,601m2

0m, flows over
Waye Lane when
above
117.633mOD,
minimum 2273m2

0.35m above
111.25mOD,
minimum
561m2

Modelled
outlet
structure

Orifice, 200mm
Orifice,
diameter, invert at 300mm
144mOD
diameter,
invert at
134mOD

Pipe 450mm
diameter pipe as
existing, invert at
114.7mOD, slope
1 in 21

Orifice,
250mm
diameter,
invert at
110mOD

Modelled
overflow
structure

Rectangular weir,
crest at
145.1mOD, length
1.5m, height 0.3m

Trapezoidal weir,
crest at
117.633mOD,
length 5m, side
slope 1:250, weir
total height 0.25m

Weir, crest at
111.25mOD,
length 5m,
height 0.25m

Rectangular
weir, crest at
136mOD,
length 4m,
height 0.3m

Predicted flow past
side weir overflow to
quarry (100.64 hectare
sub-catchment)

Model results for 6 hour summer rainfall event
Return
period

Predicted max.
water depth (m)

Predicted
max. water
depth (m)

Predicted max.
water depth (m)

Predicted
max. water
depth (m)

Model
prediction
m3/s

Devon
Hydrology
Strategy

1 in 5 year

0.93

1.39

1.40

0.49

0.801

0.935

1 in 10
year

1.11

1.74

2.03

0.70

0.921

1.110

1 in 25
year

1.24

2.09

0.08 for modelled
overflow

1.05

1.057

1.365

1 in 100
year

1.32

2.15

0.11 for modelled
overflow

1.27

1.113

1.832

1 in 100
year plus
20%
climate
change
allowance

1.36

2.18

0.12 for modelled
overflow

1.29

1.156

Comments

These detention
The pond Floods over Waye
basins will have a will have a
Lane for events
central area with central area rarer than 1 in 10
permanent water
with
year
as per the existing permanent
ponds.
water as per
the historical
situation.

1 in 25 year
floods at
Balland
Lane
culvert
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6.19.

The assessment indicates the proposed attenuation storage will provide protection to the new
Waye Lane, except for flooding predicted to occur at the Brownswell detention basin for a return
period of 1 in 25 year but less frequent than 1 in 10 year. For the modelled flows and available
topographic data, the flood water is predicted to reach the Waye Lane centreline elevation of
117.633mOD, above which the water would then overflow and potentially flood land to the south
between the road and existing quarry spoil tip. The available existing topographic data indicates
an exceedance flow route around the south west end of the quarry’s spoil tip and then into the
quarry. Therefore for the completed spoil tip’s final profile that flood exceedance flow route will be
formalised as a drainage channel along the west side and south end of the spoil tip to discharge
direct to the quarry i.e. the Balland Pit.

6.20.

The predicted flow of 1.156m3/s for a 1 in 100 year event including a twenty percent increase to
peak rainfall intensity for potential climate change, compared to the 1 in 100 year flow of
1.823m3/s derived from the Devon Hydrology Strategy for the 100.64 hectare sub-catchment
Balland Stream, represents a notable reduction in peak flow. That attenuation is much more than
required to mitigate the estimated increase in surface water runoff due to the widening of Balland
Lane and the section of the new Waye Lane which has to drain towards Balland Lane and
directly into the Balland Stream.

Alston Farm and Alston Cottage Access Route
6.21.

Alston Lane and the private access to Alston Farm and Alston Cottage lie within the topographic
catchment of the Kestor Brook, and with the quarry extension there will be a loss of a section of
Alston Lane and formation of a new impermeable tarmac road access to Alston Cottage and
Alston Farm. Those changes are shown on LINHAY-ATK-GEN-C-PL-0101 in Appendix C, and
summarised in the following table which shows the area of new tarmac road surface will be
substantially less than for the existing situation, and consequently there will a reduction in surface
water runoff to the Kestor Brook.

Table 6-7

Summary of changes to Alston Farm and Alston Cottage Access

Location

Existing

Future

Drains to

Length (m)

Area (m2)

518

4672

With Kestor Brook subcatchment Alston Farm
Fields.

Existing to new
permanent access
road

317

2042 (from
OS map,
includes
some hedge)

Kestor Brook subcatchment: ‘Alston Farm
Fields.

Existing from new
permanent access
road to new
chainage 643

117

777 (from
OS map,
includes
some hedge)

Kestor Brook subcatchment: Alston Farm
Fields.

Alston Lane

Length (m)

Area (m2)

Access to Alston
Cottage and Farm:

Chainage 0-90

90

447

Balland Stream via subcatchment: Quarry Void.

Chainage 90-300

210

1003

Balland Stream via Waye
Pond attenuation storage.

Chainage 300-620

320

1818

Chainage 620-643

23

92

Kestor Brook sub-catchment
‘Alston Farm fields’ until the
end of Stage 3, thereafter
the quarry extension void

Total areas

7491

3360
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Location

Existing
Length (m)

Future
Area (m2)

Length (m)

Drains to
Area (m2)

Notes:
1. Lengths and areas estimated from measurements of Ordnance Survey plans or design drawings.
2. Areas include half metre verge either side of new access road.

6.22.

As there will be no increase in the surface water runoff there is no requirement for attenuation
storage to restrict runoff from the new access road. Nevertheless attenuation will occur because
some of the new access road will ultimately drain to the Balland Stream via attenuation storage at
Waye Pond, and some will drain via the extended quarry which will have a pumped discharge.

6.23.

The initial seventy metres of the new access will slope down to the west towards the existing
Alston Lane, and so as for the Lower Waye area surface water runoff will drain towards the
extended quarry. From chainage 90 to chainage 300 surface water runoff will also drain west
along the new access, but will be intercepted to positively drain to the north west to join drainage
to the Waye Pond attenuation storage area. The remainder of the new access will drain to a low
point south west of Alston Cottage and a culvert will be installed under the road to enable flow
through of surface water runoff from the access road and land to the north.

6.24.

The topographic catchment of the land to the north comprises Alston Cottage and its garden and
a farm field to the north, and Alston Farm and its garden and a farm field to the north west of the
farmhouse. At present surface runoff from land above up that catchment flows west and east
around that area. That farm drainage will be managed to ensure that flow route continues in order
to minimise surface water runoff into the extended quarry while it is operating.

6.25.

At the northern extent of the new farm access (nominally chainage 643) a minor road gradient
change (shallow hump or depression) will be installed across the road to intercept surface water
runoff which flows south between the farmhouse and farm ancillary buildings. That will direct
runoff to drainage through the farm gate to the south east to join drainage around the east of the
quarry extension area. The sub-catchment above the farmhouse area can contribute to the
surface water runoff which flows south between the farmhouse and farm ancillary buildings. So
drainage in the sub-catchment above the farmhouse will be managed to improve the existing
interception of runoff, and its diversion to the east to join an existing south flowing watercourse
east of the farm ancillary buildings. The drainage management measures are low key and will
entail clearance and if necessary increasing the capacity of existing ditches, blocking flow routes
through hedges, and installing road humps or underground pipes across farm tracks or gates to
ensure runoff is intercepted and captured to flow to the west or east rather than south.

Stages 1 – 5 Quarry Extension and Operation
6.26.

As the quarry extends north east the Kestor Brook sub-catchment area of ‘Alston Farm Fields’
will reduce, and the Balland Stream sub-catchment area ‘Quarry Void’ will be commensurately
increased, as shown on LINHAY-ATK-GEN-C-PL-0102 in Appendix C, and summarised in the
following table.
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Table 6-8

Sub-catchment area change due to quarry extension

Stage

Quarry
extension
area (ha)

Land around extension
SubSubSubarea which will drain to catchment
catchment
catchment
sub-catchment:
Waye Pond, Quarry Void, Alston Farm
flows to
with pumped Fields, runoff
Alston
Quarry void
Balland
discharge to
flows to
Wood (ha)
(ha)
Stream (ha)
Balland
Kestor Brook
Stream (ha)
(ha)

Existing

0

20.66

0

3.93

51.78

56.20

Stage 0 change due
to new Alston Farm
access and new
attenuation storage
and drainage

0

-0.50

0.25

0.90

0.25

-0.65

Stage 1 change

5.25

0

0.61

0

5.86

-5.86

Stage 2 change

6.97

0

0.84

0

7.80

-7.80

Stage 3 change

4.10

0

0.47

0

4.57

-4.57

Stages 4, 5 and 6
change

5.16

0

5.74

0

10.90

-10.90

Total change

21.47

-0.50

7.91

0.90

29.38

-29.78

4.84

81.56

-26.42

Balland
Stream

Kestor Brook

29.78

-29.78

385

813

+7.74%

-3.66%

Final sub-catchment
Catchment
Total change
Total catchment
Percentage change

20.16

6.27.

The changes will reduce flood risk from surface water runoff in the upper catchment of the Kestor
Brook, where that flooding mainly occurs south of the A38 and west of Goodstone. The Balland
Stream catchment will increase, but flood risk to Ashburton will not increase because the surface
water will flow into the quarry void and will drain to the quarry’s lowest level. That level is below
the Balland Pit and Balland Stream, therefore water which inflows will require pumping to
discharge to the Balland Stream. The largest change occurs at Stage 4 when the quarry will
extend eastwards to the south of Alston Cottage and Alston Farm. Consequently as detailed in
the previous section drainage improvements will be carried out over the land to the north of
Alston Cottage and Alston Farm within the Alston Farm Fields sub-catchment, in order to
minimise the surface water runoff which will have to drain to the extended quarry.

6.28.

The increased catchment of the quarry rock extraction area will increase the flood risk to
operational activities within the quarry, but mainly to activities at the lowest level because that
level can become flooded, as occurs at present. However the quarry’s flood risk management
strategy is to ensure there is a suitable void at the quarry’s lowest operating level which can act
as a sump during winter and periods of extended or heavy rainfall, whilst also maintaining a
resource of extractable rock at higher operating levels which can be worked when the lowest
level is inaccessible. Hence Glendinning has a general preference to ensure work is carried out
at the quarry’s lowest operating levels during the driest periods.

6.29.

Direct surface water runoff into the quarry from the surrounding land of the Alston Farm fields will
be prevented by safety bunds around the edge of the quarry’s surface extent. Surface water will
flow around the quarry extension footprint within the farm fields as shown on LINHAY-ATK-C-PLS1-1001, S2-2001, S3-3001, S4-4001, and S5-5001 in Appendix C, and thereby maintain the
existing overall runoff flow route to the south east to the boundary of farm fields. Where
necessary new drainage ditches will be formed to convey runoff around the extended quarry,
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though with a preference to utilise the existing flow routes, such as along field or hedge
boundaries, with check dams in order to reduce the rate of runoff and suspended solids therein.
6.30.

Presently surface water runoff either infiltrates while it flows to the farm field’s south east
boundary parallel to the A38, or discharges to a wide vegetated ditch area parallel to the A38,
and flows under the A38 via the 300mm diameter pipe just north east of Alston Cross. Infiltration
and evapotranspiration occurs within that vegetated ditch, but during extended or heavy rainfall
the ditch also locally floods because discharge is constrained by the pipe inlet. Although there is
a grill at the pipe inlet, its location in a wooded area means natural vegetation debris invariably
flows to the pipe and hinders flow into the pipe.

6.31.

As the quarry extension will reduce the Alston Farm Fields sub-catchment of the Kestor Brook
there is no requirement to attenuate surface water runoff from immediately around the extension
footprint. However vehicle trafficking for spoil movement, and the formation of safety bunds and
drainage ditches will cause bare soil surfaces resulting in suspended solids in surface water
runoff compared to that from the existing farm grassland. Therefore settlement ponds will be
formed to reduce suspended solids in the runoff, and as those ponds will also be for runoff from
the bund areas their design is outlined in the next section.

Spoil Tip Formation and Restoration
6.32.

Bunds will be formed within the Alston Farm Fields sub-catchment to the Kestor Brook, and the
formation of the bunds will be regulated under a Mining Waste Permit to comply with the Mining
Waste Directive 2006/21/EC. That permit will be for the management of inert extractive waste by
passive treatment, controlled by the conditions for the discharge set in the permit; for example, a
settlement pond that becomes part of the site restoration when dry, and will include a water
discharge activity for the rainfall dependent discharge.

6.33.

New drainage ditches will be formed around the bunds to intercept surface water runoff, and
divert an existing spring fed seasonal minor watercourse which crosses the Alston Farm fields.
That diversion will require Land Drainage Consent from Devon County Council. The new
drainage will positively drain the water towards the Alston Farm fields’ existing discharge point,
namely the vegetated ditch parallel to the A38, but for the bund drainage there will be a single
point of discharge to the inlet of 300mm diameter pipe that passes under the A38 approximately
150m north east of Alston Cross.

6.34.

For structural stability the bunds will have basal drainage and internal drainage, most likely in the
form of herringbone gravel drains, and during the bund construction phase that drainage and
surface water runoff will be conveyed by drainage to temporary ponds for settlement of
suspended solids. Those settling ponds may be moved as the working area of bund construction
moves, and it is envisaged some settlement pond areas at the perimeter of the bunds will be
restored to form shallow detention basins once the bunds have become vegetated.

6.35.

Formation of the bunds will increase the local terrain slope gradient and restoration will increase
the proportion of woodland compared to the existing generally grassed land, for which an overall
runoff coefficient of 0.34 was determined for the Kestor Brook using the ReFH2 model output.
Therefore to understand the potential for long term change in runoff due to the bunds, a runoff
coefficient has been derived using the approach for rural watersheds outlined in the Hydraulic
Design Manual, Texas Department of Transport, August 2015, whereby run off component
values are assigned and summed to give an overall runoff coefficient as detailed in the following
table.
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Table 6-9

Runoff Coefficients for Bund Areas

Watershed
Extreme
characteristic

High

Normal

Low

Relief – Cr

0.28-0.35
Steep, rugged
terrain with
average
slopes above
30%

0.20-0.28
Hilly, with
average slopes
of 10-30%

0.14-0.20
Rolling, with
average slopes of
5-10%

0.08-0.14
Relatively flat
land, with average
slopes of 0-5%

0.12-0.16
No effective
soil cover;
either rock or
thin soil
mantle of
negligible
infiltration
capacity

0.08-0.12
Slow to take up
water, clay or
shallow load
soil of low
infiltration
capacity or
poorly drained

0.06-0.08
Normal; well
drained light or
medium textured
soils, sandy
loams

0.04-0.06
Deep sand or
other soil that
takes up water
readily; very light,
well drained soils

0.12-0.16
No effective
plant cover,
bare or very
sparse cover

0.08-0.12
Poor to fair;
clean
cultivation,
crops or poor
natural cover,
less than 20%
of drainage
area has good
cover

0.06-0.08
Fair to good;
about 50% of
area in good
grassland or
woodland, not
more than 50% of
area in cultivated
crops

0.04-0.06
Good to excellent
about 90% of
drainage area in
good grassland,
woodland, or
equivalent cover

0.10-0.12
Negligible;
surface
depressions
few and
shallow,
drainageways
steep and
small, no
marshes

0.08-0.10
Well defined
system of small
drainageways,
no ponds or
marshes

0.06-0.08 Normal;
considerable
surface
depression, e.g.
storage lakes and
ponds and
marshes

0.04-0.06
Much surface
storage, drainage
system not
sharply defined;
large floodplain
storage, large
number of
marshes

Soil infiltration
– Ci

Vegetal cover
– Cv

Surface
storage - Cs

C = Cr + Ci + Cv + Cs

Alston Farm
Fields subcatchment of
the Kestor
Brook

Bunds –
restored

0.14
(average existing
slope gradient
around 5%)

0.32
(will be much
steeper terrain,
average slope
calculated to be
20%)

0.04
(good infiltration)

0.08
(bunds will have
basal and internal
drainage)

0.08
(predominantly
grass fields)

0.04
(restoration to
woodland)

0.08
(well defined
drainage routes,
typically along
hedgerows)

0.08
(will be
landscaped with
surface
undulations and
well defined
perimeter
drainage)

0.34

0.52

Notes:
1. Table as per Hydraulic Design Manual, Texas Department of Transport, August 2015, Chapter 3
Table 3-11 Runoff Coefficients for Rural Watersheds.

6.36.

The assessment primarily indicates how the change in terrain gradient is the major factor which
will affect surface water runoff.

6.37.

There may be local variation such as during construction when there will be no vegetation cover
in working areas, but at that time the overall average slope is likely to be less than the completed
bunds and temporary drainage will intercept surface water runoff. Therefore the runoff coefficient
derived for the restored bunds has been used to assess the potential overall change in surface
water runoff due to the quarry extension and bund construction compared to the existing
situation, as presented in the following table.
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Table 6-10
Stage

Assessment of change in surface water runoff in sub-catchment Alston Farm Fields
Total
Area, A,
(ha)

Coefficient
of runoff, C

Peak flow, Qp, (m3/s) predicted for 6 hour summer rainfall event
for return period:
1 in 5 yr

1 in 10yr

1 in 25 yr

1 in 100yr

1 in 100 yr +20%

(i=6.5mm/hr)

(i=7.6mm/hr)

(i=8.9mm/hr)

(i=11.2mm/hr)

(i=13.4mm/yr)

A - Existing runoff from quarry extension and surrounding land in sub-catchment Alston Farm Fields, which
will drain to sub-catchment Quarry Void.
Stage 1

6.11

0.343

0.038

0.044

0.052

0.065

N/A

Stage 2

13.92

0.343

0.087

0.100

0.118

0.149

N/A

Stage 3

18.48

0.343

0.115

0.133

0.157

0.197

N/A

Stage 4

29.38

0.343

0.183

0.212

0.250

0.314

N/A

B - Existing runoff from grassed farmland in proposed bund areas in sub-catchment Alston Farm Fields
Stage 1A

2.66

0.343

0.017

0.019

0.023

0.028

N/A

Stage 1B

6.93

0.343

0.043

0.050

0.059

0.074

N/A

Stage 2

10.49

0.343

0.065

0.076

0.089

0.112

N/A

C - Future runoff from bunds restored to woodland in sub-catchment Alston Farm Fields
Stage 1A

2.66

0.52

0.025

0.029

0.034

0.043

0.052

Stage 1B

6.93

0.52

0.065

0.076

0.089

0.112

0.134

Stage 2

10.49

0.52

0.099

0.115

0.135

0.170

0.204

D – Change in runoff at bund areas in sub-catchment Alston Farm Fields (from C minus B)
Stage 1

0

0.177

0.009

0.010

0.012

0.015

0.023

Stage 2

0

0.177

0.022

0.026

0.030

0.038

0.061

Stage 3

0

0.177

0.034

0.039

0.046

0.058

0.092

Change in runoff in sub-catchment Alston Farm Fields due to quarry extension and bunds (from D minus A)
Stage 1

-6.11

N/A

-0.029

-0.034

-0.040

-0.051

-0.042

Stage 2

-13.92

N/A

-0.064

-0.074

-0.088

-0.110

-0.088

Stage 3

-18.48

N/A

-0.081

-0.094

-0.111

-0.140

-0.106

Stage 4

-29.38

N/A

-0.149

-0.173

-0.204

-0.256

-0.314

Notes:
1. Peak flow rates calculated from Qp = C i A / 360, where Qp = peak discharge (m3/s), C = runoff
coefficient (dimensionless), i = design rainfall intensity (mm/hr), A = drainage area (ha). Division by
360 (or multiply by 0.00278) is for the units conversion.

6.38.

The assessment shows that although the rate of surface water runoff from the land used for
bunds is likely to increase, the increase is mitigated by the reduction in the Alston Farm Fields
sub-catchment area. As there will be a reduction in surface water runoff to the Kestor Brook there
is no requirement for attenuation of runoff from the bund areas.

6.39.

Suspended solids in the runoff may occur from exposed soil in the new drainage channels, from
disturbed soil along vehicle trafficking routes, and from the bund construction earthworks, though
the natural overburden soils are not expected to have a propensity to go into suspension. That
expectation is based on observation of the turf growing and lifting operations of Fine Turf (Devon)
Ltd. in the fields east of Alston Lane, where the soil exposed to rainfall for extended periods does
not seem to erode notably.

6.40.

The size and location of the bund operational areas i.e. disturbed ground, and undisturbed or reestablished areas will vary during the bund construction, though the maximum operational area is
expected to occur during Stage 1 at commencement of the overburden stripping. Then the bund
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operating area parallel to the A38 could be up to three hectares, though thereafter it is expected
that the operational (disturbed) area would be kept to no more than one to two hectares at any
one time. The perimeter drainage ditches will have check dams to slow the rate of flow and
promote infiltration, and eventually it is envisaged they will convey ‘clean’ runoff and become
naturalised, i.e. grassed. Where suited within the restoration plan it is envisaged the settlement
pond areas would be restored to form naturalized detentions basins which will also slow surface
water runoff and further promote infiltration.
6.41.

The bunds will be constructed within relatively short periods with completion of filling areas, such
as the bund parallel to the A38 within a year. So for management of the surface water the
settlement ponds have been initially designed to ensure coarse silt is settled and the flow velocity
will be less than 0.25m/s during a 1 in 10 year six hour summer storm, as shown in the following
table.

Table 6-11

Initial Design of Settlement Ponds for Bund Construction

Parameter

Settlement Pond for catchment
area up to 3 hectares

Settlement Pond for catchment
area up to 1.5 hectare

1 in 10 year

1 in 25 year

1 in 10 year

1 in 25 year

2

2

2

2

Risk of event occurring

19%

7.8%

19%

7.8%

Flow from bund (l/s/ha)

11

13

11

13

38.7

32.7

16.5

19.5

Maximum expected duration of
exposed soil (year) i.e. before
vegetated.

Flow from bund (l/s)
Pond Width (m)

5

5

Pond Length (m)

25

15

Water depth for free settling (m)

0.3

0.3

Pond water velocity (m/s)

0.022

0.026

0.011

0.013

Residence time (hr)

0.32

0.27

0.38

0.32

Settlement efficiency for coarse
silt (settling velocity = 1m/hr)

101%

86%

121%

103%

Settlement efficiency for medium
silt (settling velocity = 0.1m/hr)

10%

8.5%

12%

10%

Settlement efficiency for fine silt
(settling velocity = 0.013m/hr)

1.0%

0.9%

1.2%

1.0%

Notes:
1. For more frequent rainfall events the settlement ponds will provide greater residence time and
therefore greater settlement.

6.42.

To improve the settling suspended medium or fine silt using settlement ponds would require a
substantial increase in settlement pond area, but that is unlikely to be practical. Therefore if an
excavated overburden soil material was found to have a propensity to go into suspension it may
be necessary to consider chemical treatment (flocculant and or coagulant), though that could not
be implemented without authorization under the Mining Waste Permit regulatory control.

6.43.

For the settlement ponds some standardisation will be applied for ease of construction,
inspection and maintenance, such as using pipes for outflow and overflow with the following to be
applied:


Small forebay areas prior to overflow into the settlement ponds to dissipate the energy of the
inflowing run off and trap coarse suspended solids such as sand size particulates, that area
being sized and shaped on site as appropriate to facilitate its regular de-sludging.
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Minimum length to width ratio of 2:1, preferably 3:1 or greater length to width.



Permanent water depth of ≥0.3m below the discharge invert, to provide a volume for free
settlement, ponds to be de-sludged when sediment reaches 0.3m below the discharge invert.



The base of the settlement ponds to be sloped up to the outflow because coarser suspended
solids remaining after the forebay area settle relatively quickly, coarse silt settling at 1 to
10m/hr, fine sand at a faster rate.



Minimum freeboard of 0.3m above the top of the overflow pipe.



Discharge pipe ponds to have gate valves whenever possible so that during de-sludging the
gate valve can be closed thereby preventing disturbed sediment from discharging
downstream.



Inspection of settlement ponds weekly and after large storms (20mm of rain), with
maintenance entailing sediment removed from the settlement areas, inlet and outlet as
required to ensure the surface water management and control systems remain effective at
the operational bund area where earthworks are ongoing.



Inspections of the perimeter drainage ditches to include visual checks for possible erosion
within drainage ditches, progression of vegetation establishment, blockages or unexpected
disturbance to the drainage ditches which may affect water flow.

6.44.

Discharge from the bund drainage system will be via a pipe no greater than 300mm diameter, as
there is no requirement for attenuation, and an exceedance flow may only cause local flooding
and surcharging at the downstream constraint of the 300mm diameter pipe that passes under the
A38 approximately 150m north east of Alston Cross.

6.45.

New drainage ditches will be formed to that existing outfall point for surface water runoff from the
bund areas and land adjacent the quarry as it extends west, and for diversion of an existing
watercourse which crosses Alston Farm fields. The watercourse will be diverted around the west
side of the main bund near Caton, and drainage around the east side of that bund will intercept
runoff so there will be no flood water discharge towards Caton. It is envisaged that with time
grass will regrow or be seeded within the ditches and the settlement pond areas restored as
shallow depressions to form detention basins, which will be incorporate within the overall
restoration scheme and land management regime. The drainage ditches are annotated on the
drainage drawings LINHAY-ATK-C-PL-S1-1001, S2-2001, S3-3001, S4-4001, and S5-5001 in
Appendix C, with the details of their initial hydraulic design provided in the following table.

Table 6-12

Initial hydraulic design of ditches

Parameter

Justification of
design value

Ditch Location
Along
eastern
extent of
quarry

Around
bunds
adjacent
A38

Diversion of
watercourse
to west of
bund near
Caton

Around
east of
bund
near
Caton

South of
bunds
parallel
to A38

2.002

16.453

6.492

25.853

24.5

24.5

24.5

24.5

Maximum catchment area,
A, (ha)

Measured from drawings

16.130
(Stage 1 to
Stage 2)

Rainfall, i, for temporary
ditches (mm/hr)

FEH 2013 model for 1 in
25 year 3 hour summer
event

13.6

Rainfall, i, for permanent
ditches, (mm/hr)

FEH 2013 model for 1 in
100 year 3 hour summer
event plus 40% for
potential climate change

N/A
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Parameter

Justification of
design value

Coefficient of runoff, C

As derived for Kestor
Brook natural catchment

Coefficient of runoff, C

As derived for bunds

Coefficient of runoff, C

As derived for Kestor
Brook overall catchment
response

Design flow from catchment,
Qcatch, (m3/s)

Calculated: Qcatch = CiA

Ditch Location
Along
eastern
extent of
quarry

Around
bunds
adjacent
A38

Diversion of
watercourse
to west of
bund near
Caton

Around
east of
bund
near
Caton

South of
bunds
parallel
to A38

0.343
0.52

0.52
0.397

0.209

0.071

0.445

0.397

0.230

0.698

Ditch length (m)

Measured from drawings

530

475

560

1000

275

Ditch starting elevation
(mOD)

Estimated from drawings

142.1

119

140.1

140.1

120.5

Ditch final elevation (mOD)

Estimated from drawings

118.7

115.5

120.5

120.5

115.5

Ditch average gradient
(m/m)

Calculated

0.044

0.007

0.035

0.02

0.018

Manning’s roughness
coefficient for temporary
ditch

Earth ditch

0.035

Manning’s roughness
coefficient for permanent
ditch

As per DMRB HA 106 /
04 for grass lined ditch,
well maintained

0.05

0.05

0.05

0.05

0.0

0.4

0.4

0.4

Base width (m)

Design

Side slopes 1:? (V:H)

Design

1.0

1.0

1.5

1.5

1.5

Flow depth (m)

Design

0.45

0.45

0.4

0.4

0.4

Calculated from
Manning’s formula

0.45

0.13

0.59

0.44

0.70

Check ditch dimensions
OK

Yes

Yes

Yes

Yes

Yes

2.22

0.64

1.48

1.11

1.22

Flow rate, Qditch,

(m3/s)

Qditch > Qcatch
Flow velocity, (m/s)

Calculated

0.0

As velocity >0.3m/s install check dams to reduce velocity and
trap sediment
Ditch depth with 0.3m
freeboard, (m)

Design to include
freeboard

0.75

0.75

0.7

0.7

0.8

Ditch width with 0.3m
freeboard to depth (m)

Design to include
freeboard

1.5

1.5

2.5

2.5

2.8

Notes:
1. Size of ditches calculated using Manning’s resistance equation, as detailed in DMRB Volume 4
Geotechnics and Drainage Section 2 Drainage Part 1 HA 106/04 Drainage of Runoff from Natural
Catchments, Chapter 6 Hydraulic Design of Ditches.

Stage 6 Quarry Restoration Completed
6.46.

As is the case for the existing quarry, once rock extraction ceases and pumping of water from
extraction void is stopped, that void will begin to fill with water from rainfall and groundwater. The
water level will continue to rise until it stabilises at a groundwater level, but the concern from a
flood risk mitigation perspective is that if rainfall exceeds the groundwater outflow then the water
level will continue to rise. That is partly also because the catchment area to the Balland Stream
will have been increased by the quarry’s extension.
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6.47.

The future stable groundwater level is expected to be the same as within the ground prior to the
quarrying in the Linhay area north east of Ashburton. Historical Ordnance Survey maps from
1842 to the present day show the historical development of Ashburton and the quarries to its
north east, and changes to the route of the Balland Stream watercourse which have occurred.
Over that period there are no water spring shown by the maps as previously existing to the south
west of the Linhay Hill Quarry area towards Ashburton along the general route of the Balland
Stream. However the maps do show the water springs to the north west of the quarry at Place,
Brownswell, Waye and within Alston Wood, and to the south east at Lower Mead. Those springs
occur from different bedrock strata and at higher elevation than the limestone at Linhay and
Ashburton. The maps also show the spring at Goodstone to the north east, where water
discharges from the underlying limestone at an elevation of about 97mOD, and is effectively the
source of the Kestor Brook.

6.48.

As there are no historical spring locations south west of the quarry towards Ashburton,
groundwater emergence from the ground west of the quarry due to the quarry infilling with water
is not foreseen to occur. The foreseeable scenario is that once the water level recovers to its
original elevation pre-dewatered quarrying, then groundwater movement will follow flow paths
similar to the prior to dewatering of the quarry, and thereby contribute to the baseflow in the
Balland Stream and Kestor Brook, such as for the latter via the springs at Goodstone.

6.49.

Around the quarry the lowest elevation is around 102.16mOD at a point west of the south west
corner of the Balland Pit, as determine by topographic survey. Hence there are several metres
elevation of rock between the quarry void and the Balland Stream, effectively a rock buttress
around the Balland Pit. Therefore to enable control of discharge from a lake within the quarry void
it will be necessary to cut a channel through that rock buttress to the Balland Stream, which exits
the quarry’s block storage area at an elevation of 95.13mOD.

6.50.

That channel would be about 150m long and follow an expected route from the west side of the
Balland Pit as shown on LINHAY-ATK-S6-C-PL-6001 in Appendix C. Based on a gradient of 1 in
150 for that channel it is expected the quarry lake water level would be set at around 96mOD with
discharge restricted to a maximum rate, which would be agreed with the flood authorities to
ensure flood protection to Ashburton. Although the channel would be formed in open cut it is
envisaged a pipe with manholes will be installed and then the pipe backfilled over. By Stage 5 it
is expected the Balland Pit settling pond will have become full of sediment and be capped to
provide a competent surface which can be utilised and restored. It is expected Balland Pit will be
capped to form a platform at 100mOD which will slope towards the lake water at a gradient
between 1 in 4 and 1 in 10, and the platform will rise to the west to south west at 1 in 150 to 1 in
200, giving a further rise of around a metre. Formation of the channel would not be completed
until the Balland Pit has at least been partially capped in order to provide safe access to the west
side of the Balland Pit.

6.51.

Discharge from the lake would not be able to occur above the agreed maximum discharge rate.
Instead the water level in the lake would rise to provide flood attenuation storage during heavy or
prolonged rainfall. The minimum area of a lake to a level of 96mOD is estimated as 37.34ha with
a maximum extent of 39.125ha to the outside edge of the closest bench within the extension
area. That bench elevation will where practically possible be formed at around 95-96mOD with
the aim for some of the benches areas to be restored with shallow water over them. The
topographic catchment to the lake including the lake area is estimated as 81.432 hectares.

6.52.

The Balland Stream and Kestor Brook catchments have standard annual average rainfall of
1304mm and 1281mm respectively, and based on the topographic catchment of 81.432 hectares,
1304mm of rain and an indicative 500mm1 for evaporation, the time for the water level to reach
96mOD is estimated as just over twenty four years from whenever dewatering stopped. If the
Balland Stream upper catchment was diverted to the quarry then that time estimate reduces to
about eleven and a half years, but there would be loss of flow in the Balland Stream through

1

Taken from the Environment Agency publication ‘Estimation of Open Water Evaporation, A Review of
Methods, R&D Technical Report W6-043/TR’, October 2001, which records that for estimation of
evaporation, the South West region (Section 4.2.6) used two rules of thumb for abstraction licences either
500mm per year or 8mm per day.
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Ashburton. Without losses such as evaporation or infiltration, that rainfall amount would equate to
an inflow to the quarry lake of 1.062 million cubic metres of water on average annually, which at a
constant outflow rate would be 2,551m3/day or around 30 litres per second. That is only a small
proportion of the conveyance capacity of the Balland Stream downstream through Ashburton,
and so annual rainfall to the restored quarry will not represent a flood risk.
6.53.

Assuming 1304mm of rain with no losses or discharge from the lake would cause a water level
rise of 2.5m. If an allowance is included for potential climate change of plus 40% (which is much
higher than the UKCP09 high emission ninety percentile prediction of 5.2% for annual rain), that
would give a water level of 99.5mOD i.e. below the planned level of the restored Balland Pit
platform and the low point of 102.16m of the land to the west.

6.54.

For a rainfall storm scenario the 1 in 1000 year twenty four hour summer rainfall is predicted by
the ReFH2 FEH 2013 model to be 164.4mm, which including an allowance of plus 40% for
potential climate change would be 230mm. With no losses over the catchment to the lake or
discharge from the lake, that would cause a rise of 0.44m, which is well below the planned level
of the restored Balland Pit platform.

6.55.

For design of the lake discharge control structure, it will eventually be necessary to consider a
rarer event, for example 1 in 10,000 year event or the probable maximum precipitation, as for
dam structures. For example the study ‘New estimates of probable maximum precipitation in
South West England’, C. Clark, Meteorological Applications Volume 2, Issue 4, pages 307-312
December 1995, estimated twenty four hour probable maximum precipitation of around 500mm
over south west England, which for many parts of the region was found to be considerably higher
than that given by the Flood Studies Report. From comparison to the appraisal for a 1 in 1000
year event, it can be ascertained that 500m of rain would also not represent a flood risk to the
restored Balland Pit platform.

6.56.

Further specific analysis has not been carried out for this study because the lake discharge
control structure will need to be agreed with the flood authorities. Although not envisaged by this
study, it would also be possible to provide greater flood risk mitigation to Ashburton by diverting
the whole of the Balland Stream upper catchment flows in to the quarry lake. And to reduce flood
risk along the Kestor Brook upper catchment south of the A38 peak runoff flows from the Alston
Farm Fields sub-catchment could be diverted to the quarry lake. Those options may also have
implications for the discharge control rate and structure.

Flood Risk Reduction for Ashburton
6.57.

High flows in the Balland Stream represent a flood risk to Ashburton, and although the
attenuation storage proposed in the upper catchment will reduce the flows, further flood risk
reduction to Ashburton can only be achieved by diversion of peak flow into the quarry.

6.58.

To appraise the natural, existing and future situation, calculations are provided in Appendix D,
which utilise the peak flows in the Balland Stream as predicted by the Devon Hydrology Strategy
at node 3532. That node is downstream of the quarry and the first node on the Balland Stream,
there being no nodes further upstream. Results are provided for:




6.59.

The ‘natural’ situation in line with the Devon Hydrology Strategy.
The existing situation due to the quarry intercepting some of the ‘natural’ catchment of the
Balland Stream.
The future situation to appraise the effect of further restricting flow in the Balland Stream at
the quarry with diversion of flows into the Balland Pit.

It has been determined that constraints in the existing channel are likely to cause the stream to
be diverted into the Balland Pit when flow is around 1.3m3/s. That is because the Balland Stream
main channel is approximately 1.5m deep by 0.9m wide, but the overflow side weir level is at
0.7m above the base of the main channel, and just downstream of that side weir the Balland
Stream has to flow through a 750mm diameter pipe which has a slight negative gradient of about
-1V:84H (pipe capacity would be around 1.3-1.35m3/s with a gradient of 1V:84H). Flow diverted
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to the Balland Pit then requires pumping out with the associated cost and requirement to adhere
to the quarry’s discharge limit, though the upstream catchment attenuation storage measures will
help to reduce the volume of flow diverted into the Balland Pit.
6.60.

The Chuley Road SFRA indicates flooding could occur at Love Lane for a 1 in 10 year event due
to culvert constraints, and though that flooding may initially only be shallow overland flow down
the lane, that return period has been used as a comparative guide. That return period also aligns
with the Ashburton Critical Drainage Area, which requires surface water discharges to “mimic
greenfield performance up to a maximum 1 in 10 year discharge rate”.

6.61.

Based on the results of the appraisal it is proposed to initially restrict flow in the Balland Stream
at the quarry to 1m3/s, because that will provide notable flood risk mitigation benefit by
attenuating from the current 1 in 10 year event flows predicted by the Devon Hydrology Strategy
at its node 3532, to slightly less frequent than the flows that study predicts for 1 in 30 year event
at node 3532. Restriction to 1m3/s is less than the 1 in 10 year flow rate of 1.164m3/s at the
existing side weir overflow point to the quarry estimated from the Devon Hydrology Strategy Flow
by proportion of the upstream catchment area to the total catchment to node 3532.

6.62.

The attenuation will also further mitigate surface water runoff from the Balland Lane widening and
the relatively small area of the proposed new Waye Lane public road which will drain towards
Ashburton. The Balland Stream upper catchment attenuation storage will also reduce peak flows,
and for comparison for 1 in 10 year 6 hour event the modelling carried out with that attenuation
storage predicts peak flows of 0.914m3/s at the existing side weir overflow point. So the upper
catchment attenuation storage will assist in reducing the volume of water which may be diverted
into the quarry and which would then require pumping back to the Balland Stream.

6.63.

To provide the flood flow diversion a penstock sluice or gate type structure will be installed within
the Balland Stream channel, with improvements to the overflow and conveyance capacity to the
Balland Pit if required. Future monitoring of flows in the Balland Stream will be utilised to validate
the predictions. Installation of the flow restriction will be agreed with the relevant Flood Authority
via its consenting process (Flood Defence Consent or Ordinary Watercourse Consent).
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7.

Residual Flood Risk and Uncertainty

Residual Flood Risk Locations
7.1.

7.2.

There will be residual flood risks resulting in a potential for temporary flooding at:


The lowest level of the quarry.



The inlet to the 300mm pipe under the A38 to which the Alston Farm fields currently drain.



Waye Lane at Brownswell detention basin where discharge is constrained to an existing
450mm pipe.

However those are areas which are currently at risk of flooding due to existing constraints, and
the temporary flooding which occurs already reduces the potential for a downstream flood impact.
Reducing the constraint would lead to greater flood flow downstream which could increase the
flood risk downstream, whereas temporary flooding at the identified locations will be localised and
not have an adverse impact.

Extreme Event and Uncertainty
7.3.

The residual risks due to an extreme event are of rainfall of higher intensity over a longer duration
causing higher surface water runoff velocities and greater total runoff volume than anticipated.

7.4.

Such an event could cause temporary flooding at the residual flood locations, and would result in
a greater volume of flow being diverted from the Balland Stream into the quarry. However the
diversion of flow from the Balland Stream into the quarry will provide flood risk mitigation to
Ashburton. In other areas the risk of an extreme event has been mitigated by design including an
allowance for potential climate change and other measures such as including 0.3m freeboard to
drainage features.

7.5.

There is also uncertainty due to the notable difference in the peak river flows predicted by the
Devon Hydrology Strategy and the ReFH2 model. But that uncertainty relates to the actual return
period of the flow in the Balland Stream or Kestor Brook following a rainfall event, and not with
regard to the flow rate at which flooding may occur. So that uncertainty is not a concern for the
proposed flood risk mitigation strategy, and future monitoring of flows in the Balland Stream can
be utilised to verify the predictions.

Risk of Breach
7.6.

There are no raised defences protecting the quarry extension, bunds, Waye Lane or the widened
Balland Lane. As such a risk of breach or failure is not an issue for the proposed extension of
Linhay Hill Quarry.

7.7.

The quarry extension and bund areas will be wholly contained areas with considerable space and
flexibility to manage the surface water run off to ensure that the risk of breach or failure of the
drainage system will be minimised.

Access and Egress Conditions
7.8.

Access and egress to the quarry, Alston Farm and bund areas are not at risk of flooding as
assess and egress can be made from higher land if necessary, such as during an extreme event.

7.9.

Flooding at the Brownswell detention basin may temporarily flow over Waye Lane and so affect
that access route until the flood water recedes. To mitigate that concern flood level and warning
signs will be installed at the low point of Waye Lane as it passes the Brownswell detention basin,
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and a turning space is available at a passing bay to the north east or at the junction of Waye
Lane with the access from Waye.

Management over development lifetime
7.10.

There is uncertainty regarding the impact of potential climate change effects and the drainage
system will need monitoring and management to ensure its continued performance.

7.11.

The drainage system within quarry’s planning permission area will be managed and maintained
by the quarry operator E & JW Glendinning Ltd. The drainage along Balland Lane and Waye
Lane will be managed by Devon County Council.

7.12.

It is envisaged that not less than ten years before the anticipated cessation of quarrying, or a
similar timeframe to be agreed, the quarry operator will prepare a specific Site Management Plan
will set out detailed matters of ownership, governance, control, maintenance and funding

Flood Warning
7.13.

The quarry is not at risk from fluvial flooding and flooding at the residual flood risk locations will
not pose a risk to property.

7.14.

Flood flow in the Balland Stream represents a risk of fluvial flooding within Ashburton, and
although the Balland Stream is not within a Flood Warning Area where flood warnings would be
issued when flooding is expected, Flood Alerts would be issued by the Environment Agency
when flooding is possible, e.g. when severe rainfall events are forecasted.

7.15.

The quarry operator is in any case cognisant of forecasted severe rainfall events due to the
potential for impact to the quarry operations and consequential possible need for management
action.
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8.

Application of Flood Risk Policy

Policy Context
8.1.

8.2.

The broad aim of the National Planning Policy Framework, March 2012, is to reduce the number
of people and properties within the natural and built environment at risk of flooding. To achieve
this aim, planning authorities are required to ensure that flood risk is properly assessed during
the initial planning stages of any development. The responsibility for flood risk assessment lies
with developers and they must demonstrate the following:


whether the proposed development is likely to be affected by flooding;



whether the proposed development will increase flood risk to adjacent properties; and



that the measures proposed to deal with any flood risk are sustainable.

The developer must prove to the Local Planning Authority and the Environment Agency that
existing flood risk or flood risk associated with the proposed development can be satisfactorily
managed.

Sequential Test
8.3.

Table 8-1

The aim of the Sequential Test is to steer new development to areas at the lowest probability of
flooding. Development should be directed to Flood Zone 1 wherever possible, and then
sequentially to Flood Zones 2 and 3, and to the areas of least flood risk within Flood Zones 2 and
3. To check adherence of the proposed development to that aim, the following table provides a
summary of the development areas assessed in relation to the NPPF Flood Zone and Flood Risk
Tables – Table 3: Flood risk vulnerability and flood zone ‘compatibility’.
Application of Sequential Test

Development Area

Flood Flood risk
Zone vulnerability

Development

Comment
There is no reasonably
available alternative to Balland
Lane, so it is considered
appropriate in this instance to
carry out an Exception Test for
the development proposals.

Widening of Balland Lane

3b

Less
vulnerable

Should not be
permitted

Junction of Waye Lane new
public road with Balland Lane

3b

Less
vulnerable

Should not be
permitted

New private access to Alston
Cottage and Alston Farm

1

Less
vulnerable

Is appropriate

Diversion of electricity and
water supply from Alston Lane

1

Less
vulnerable

Is appropriate

Extension of quarry extraction
area into Alston Farm fields

1

Less
vulnerable

Is appropriate

Bunds in south and east of
Alston Farm fields

1

Less
vulnerable

Is appropriate

Balland Stream flood flow
diversion to quarry

3b

Water
compatible

Yes if also passes
Exception Test

Restored quarry, lake discharge
control to Balland Stream

3b

Water
compatible

Yes if also passes
Exception Test

Exception Test required.
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Exception Test
8.4.

The Exception Test should only be applied after the application of the Sequential test, and is
applied in certain circumstances where the proposed land use is considered inappropriate for the
flood zone the development lies within. For the Exception Test to be passed the NPPF paragraph
102 states:
1. It must be demonstrated that the development provides wider sustainability benefits to the
community that outweigh flood risk, informed by a Strategic Flood Risk Assessment where
one has been prepared.
2. A site-specific flood risk assessment must demonstrate that the development will be safe for
its lifetime taking account of the vulnerability of its users, without increasing flood risk
elsewhere, and, where possible, will reduce flood risk overall.

8.5.

The proposed widening of Balland Lane and junction of the Waye Lane new public road and
footpath with Balland Lane are considered to comply with the first bullet point. That is mainly
because the former will enable full use of the lane by large coaches transporting students to and
from South Dartmoor Community, and Waye Lane will provide good access to Ashburton from
dwellings at Waye, Lower Waye and Alston.

8.6.

The proposed widening of Balland Lane and junction of the Waye Lane new public road and
footpath with Balland Lane comply with the second bullet point by way of this Flood Risk
Assessment which demonstrates that the developments will be safe, not increase flood risk
elsewhere, and overall will result in lower flood risk from surface water runoff along Balland Lane,
and from the Balland Stream to Ashburton.

8.7.

For the Balland Stream flood flow diversion and the restored quarry lake discharge control to the
Balland Stream, the NPPF Flood Zone and Flood Risk Tables – Table 3: Flood risk vulnerability
and flood zone ‘compatibility’ indicates it is necessary for the development proposals to be
designed and constructed to
a. remain operational and safe for users in times of flood;
b. result in no net loss of floodplain storage;
c. not impede water flows and not increase flood risk elsewhere.

8.8.

This Flood Risk Assessment demonstrates the Balland Stream flood flow diversion and the
restored quarry lake discharge to control to the Balland Stream development proposals will
comply with Points (a) and (b), and with regard to Point (c), although the flow controls entail
impeding water flow, that is in order to reduce flood risk to Ashburton and will not increase flood
risk elsewhere.

8.9.

Hence overall it is concluded the quarry extension development proposals pass the Exception
Test.
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Appendix A. Background Information
A.1.

Environment Agency Flood Maps
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High means that each year, this area has a chance of flooding of greater than 1 in 30 (3.3%).
Medium means that each year, this area has a chance of flooding of between 1 in 100 (1%) and 1 in 30
(3.3%).
Low means that each year, this area has a chance of flooding of between 1 in 1000 (0.1%) and 1 in 100
(1%).
Very low means that each year, this area has a chance of flooding of less than 1 in 1000 (0.1%).
This type of flooding can be difficult to predict, much more so than river or sea flooding as it is hard to
forecast exactly where or how much rain will fall in any storm.
This is based on the best information the Environment Agency has available, such as ground levels and
drainage.

Surface Water Depth and Velocity
Surface water flooding happens when rainwater does not drain away through the normal drainage systems
or soak into the ground, but lies on or flows over the ground instead.
The shading on the maps shows the estimated water depth or estimated water speed when there is a high
chance of flooding.

The shading on the maps shows the estimated water depth or estimated water speed when there is a
medium chance of flooding.

The shading on the maps shows the estimated water depth or estimated water speed when there is a low
chance of flooding.
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A.2.

Ashburton Critical Drainage Area
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UNCLASSIFIED

Critical Drainage Area (CDA)
Dartmoor NP - Ashburton - Ballard Stream

May 2015

Catchment Drainage/Flooding Issues
The Ballard Stream has a long history of flooding, and the existing culverts/flood walls have a limited
capacity. Blockages have caused major issues in recent times. Flooding is also known on the numerous
minor watercourses/ditches and surface water culverts within the area. The catchment also has
development pressure from new housing and commercial developments.
The existing culverts and flood walls are unlikely to attract funding for significant improvements, and given
that current rainfall runoff rates already cause problems and climate change will increase the frequency of
flooding further, alternative measures need to be applied.

Minimum Drainage Standards Required
All new development will have to play their part in reducing current rainfall runoff rates. This requirement
also applies to brown field sites that will have to match the same standards. The SuDS hierarchy should
be followed, by using infiltration as far as is practicable. Further guidance on such systems can be found in
the CIRIA SUDS manual and in LLFA guidance.
All off-site surface water discharges from development should mimic “Greenfield” performance up to a
maximum 1 in 10 year discharge rate. On-site all surface water should be safely managed up to the “1 in
100+climate change” conditions. This will require additional water storage areas to be created thereby
contributing to a reduction in flooding downstream.

Devon - Critical Drainage Area
www.gov.uk/environment-agency

UNCLASSIFIED

1 of 1
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A.3.

Dartmoor National Park Authority Level 1 SFRA Focussed
Assessment on Ashburton
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Dartmoor National Park Authority
Level 1 Strategic Flood Risk Assessment

8

Focused Assessments

8.1

Overview

8.1.1

In addition to the focused assessment maps for the eight Local Centres presented in Appendix
B, further information for five selected Local Centres is provided in this Chapter. Current and
future flood risk within these five Local Centres, together with flood risk management
provisions has been considered.

8.2

Ashburton

Figure 8-1: Ashburton Topography and Flood Risk

Overview
8.2.1

Ashburton is located on the eastern edge of the study area adjacent to the A38 Devon
Expressway. Figure 8-1 shows how the River Ashburn and Balland Stream enter the town
from the north within confined river valleys. The Balland Stream joins the River Ashburn to the
south of the town centre. Both the Balland Stream and River Ashburn are designated Main
River by the EA. The confined river valleys and steep channel gradients (approximately 1 in
50) result in river catchments that respond rapidly to rainfall with relatively high velocity flows.

Level 1 Strategic Flood Risk Assessment

36

November 2010

Dartmoor National Park Authority
Level 1 Strategic Flood Risk Assessment

8.2.2

Figure 8-1 also identifies the location of a number of unmapped minor watercourses either
within, or in close proximity to the town. These unmapped watercourses generally drain
relatively small catchments and flow to the River Ashburn or the Balland Stream.

Flood Risk Management
8.2.3

The NFCDD database indicates that there are two flood defence schemes, which provide a 1
in 50 year SoP from the River Ashburn. One upstream of the town centre and the other within
the town centre. Both schemes include culvert diversion channels, which divert high flows
from the River Ashburn. Since their completion in the late 1980s the capacity of these
schemes has been exceeded. During such events the narrow roads lined with buildings within
the town centre becoming the major flow routes. For example flood waters are known to flow
down North Street, across the Bull Ring and along St Lawrence Lane.

8.2.4

A recent flood defence scheme has also been completed on the upper Balland Stream, which
consists of a culverted channel beneath Eastern Road and a channel diversion further
downstream. This is in response to a number of historical flood events affecting properties in
the area. The Balland Stream flows through a number of under capacity culverts further
downstream, where again roads, such as Love Lane, become the major flow route.

8.2.5

There is no flood warning for Ashburton on either the River Ashburn or Balland Stream,
therefore flood levels can rise quickly without prior warning.

Current Flood Risk
8.2.6

Development within the River Ashburn and Balland Stream floodplain has led to a significant
number of properties being at risk from flooding within the town. The South Devon CFMP
indicates that 150 properties are at risk of flooding during the 1 in 100 year event with 350
properties at risk of flooding during the 1 in 1000 year event. Fluvial flood depth grids provided
by the EA suggest flood depths within the town are generally between 0.5 and 2 m during the
1 in 100 year fluvial event.

8.2.7

Figure B1, Appendix B indicates a significant number of fluvial and surface water flood
incidents reported within the town. The large number of properties also affected by flooding
within the town is highlighted on Figure B1, Appendix B. The road in front of the police/fire
station is known to have previously flooded, and would be affected during the 1 in 100 year
event. Therefore emergency services operational duties maybe affected during a flood event
of this magnitude.

8.2.8

Figure B1, Appendix B identifies the estimated SoP offered by the towns flood defences. Land
located within Flood Zone 3 protected by flood defences with a 1 in 20 year SoP or greater,
should be considered to be in Flood Zone 3a. All other land within Ashburton located within
Flood Zone 3, with the exception of existing developed areas, should be considered to be
Functional Floodplain (Flood Zone 3b).

Future Flood Risk
8.2.9

Future flood risk due to anticipated affects of climate change on rainfall and peak river flows is
unlikely to have a significant effect on Flood Zone extents within Ashburton. Increases in flow
are likely to increase the depth of flooding as opposed to the extent of flooding. This is
illustrated by the relatively small area of Flood Zone 2 within the town.
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8.2.10

The SoP offered by the towns flood defences may be lowered due to the anticipated affects of
climate change. For example land currently protected by flood defences during the 1 in 20
year flood event may not be protected to the same standard in the future.

Other Considerations
8.2.11

The majority of unmapped watercourses identified in Figure 8-1 are covered by the PSWF
layer. Where development is proposed in close proximity to an unmapped watercourse the
PSWF layer should be used as an initial indicator to determine whether further investigation is
required as part of a Level 2 SFRA or as part of a site specific FRA. Where an unmapped
watercourse is not covered by the PSWF layer a 10 m buffer should be used to determine
whether further investigation is required.

8.2.12

To ensure flood risk to third parties does not increase, every new development within the town
is required to have a high standard of SuDS. Further SuDS guidance is provided in Chapters 9
(Section 9.5) and 10.

Level 1 Strategic Flood Risk Assessment
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A.4.

Private Water Supply Details from Teignbridge District
Council
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From: Ian Roberts [mailto:Ian.Roberts@Teignbridge.gov.uk]
Sent: 12 December 2014 16:48
To: Clark, Annabel
Subject: RE: UNCLASSIFIED: FW: Private water supply enquiry

Dear Ms Clark,
Please find attached plan showing the private water supplies identified as red dots
on the map.
The following grid references indicate the approximate locations of each supply
shown on our record:SX

Easting
277719
277683
277582
277618
279530
275815
276605
279360
276269
277610
276305
276329
279473
279244
278753
277863
276431
276451
276442

Northing
73988
73890
73725
73625
73419
73322
73144
72803
72598
72007
72008
71928
71499
71113
70981
70907
70212
70211
70187

Supply source
spring
borehole
spring
unknown
well
spring
spring
river
spring
spring
unknown
spring
spring
spring
borehole
spring
borehole
spring
spring

If you require further information, please do not hesitate to contact me.
Kind regards,
Ian
Ian Roberts - Technical Officer
Environmental Control Team
Environment & Safety Services
Teignbridge District Council
Forde House
Newton Abbot
TQ12 4XX
Tel: 01626 215070
DX 121075 Newton Abbot 5
ian.roberts@teignbridge.gov.uk
www.teignbridge.gov.uk
www.teignbridge.gov.uk/environmentalhealth

Private Water Supplies surrounding the Glendinning Quarry

"

Scale:

NOT TO SCALE

Based upon Ordnance Survey Material with Permission of Ordnance Survey on behalf of the controller of Her Majesty's stationery Office (C) Crown Copyright.
Unauthorised reproduction infringes Crown Copyright and may lead to prosecution or civil proceedings. Teignbridge District Council 100024292
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A.5.

Devon Hydrology Strategy 2012 Modelled Flood Flows for
the Balland Stream and Kestor Brook
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Flow Node & Statutory Main River Map centred on Linhay Hill Quarry, Ashburton
- created 11 September 2015 Ref: 1475
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DC/1475 - Modelled Flood Flows for Linhay Hill Quarry, Ashburton
This data is taken from the Devon Hydrology Strategy 2012 (JFlow). Please refer to the attached caveat when considering
modelled data.
Correct as of 11/09/2015

Modelled Flood Flows, in m3/s (undefended model run)
10yr
25yr
50yr
100yr
250yr

Node
Reference

Easting

Northing

Area (Km²)

1574

275609

71222

7.02

3.33

5.59

6.96

8.15

9.50

11.45

15.65

1573

275747

71035

7.16

3.44

5.76

7.18

8.41

9.80

11.81

16.15

1572

275793

70889

7.21

3.54

5.94

7.40

8.66

10.10

12.17

16.64

1571

275751

70718

7.39

3.64

6.11

7.62

8.92

10.40

12.53

17.13

1570

275610

70596

7.55

3.75

6.29

7.84

9.17

10.70

12.89

17.62

1569

275492

70502

8.77

4.04

6.78

8.45

9.89

11.53

13.90

19.00

1568

275385

70339

8.99

4.34

7.27

9.07

10.61

12.37

14.90

20.38

1567

275387

70149

9.03

4.37

7.33

9.14

10.70

12.47

15.03

20.55

1566

275443

70016

9.23

4.41

7.39

9.22

10.78

12.57

15.15

20.71

1565

275571

69878

9.29

4.44

7.45

9.29

10.87

12.67

15.27

20.88

1564

275624

69730

13.09

5.86

9.82

12.24

14.33

16.70

20.12

27.52

1563

275643

69600

13.27

5.94

9.97

12.43

14.54

16.96

20.43

27.94

1562

275582

69449

13.34

6.03

10.12

12.61

14.76

17.21

20.73

28.36

2717

279907

72063

15.76

10.60

17.10

21.00

24.40

28.20

34.20

45.40

QMED

1000yr

Source
Ashburton_An
alogue
Ashburton_An
alogue
Ashburton_An
alogue
Ashburton_An
alogue
Ashburton_An
alogue
Ashburton_An
alogue
Ashburton_An
alogue
Ashburton_An
alogue
Ashburton_An
alogue
Ashburton_An
alogue
Ashburton_An
alogue
Ashburton_An
alogue
Ashburton_An
alogue
Bickington

Confidence
High
High
High
High
High
High
High
High
High
High
High
High
High
High

Modelled Flood Flows, in m3/s (undefended model run)
10yr
25yr
50yr
100yr
250yr
16.90
20.80
24.10
27.90
33.80
16.70
20.60
23.90
27.60
33.40
16.50
20.30
23.60
27.30
33.00
16.20
19.90
23.10
26.70
32.40
15.90
19.50
22.70
26.20
31.80
15.70
19.30
22.40
25.90
31.30
15.40
19.00
22.10
25.50
30.90
15.20
18.70
21.80
25.10
30.50
15.00
18.50
21.40
24.80
30.00
14.80
18.20
21.10
24.40
29.60
14.50
17.80
20.70
23.90
29.00
14.20
17.50
20.30
23.40
28.40
13.90
17.10
19.80
22.90
27.80
13.60
16.70
19.40
22.40
27.20

Node
Reference

Easting

Northing

Area (Km²)

2718
2719
2720
2721
2722
2723
2724
2725
2726
2727
2728
2729
2730
2731

279720
279581
279468
279385
279282
279157
279035
278914
278779
278592
278397
278210
278085
277944

72174
72318
72492
72690
72865
73049
73210
73325
73421
73546
73511
73501
73526
73534

15.59
15.33
14.80
14.40
14.33
14.02
13.86
13.31
12.84
12.70
12.56
12.40
12.33
11.73

QMED
10.40
10.30
10.20
10.00
9.80
9.70
9.50
9.40
9.30
9.10
9.00
8.80
8.60
8.40

1575

275449

71383

6.67

3.20

5.41

6.76

7.91

9.17

11.01

15.14

1576

275413

71599

6.46

3.10

5.22

6.51

7.62

8.84

10.62

14.58

1576

275413

71599

6.46

3.10

5.22

6.51

7.62

8.84

10.62

14.58

1578

275406

71758

5.28

2.90

4.84

6.03

7.05

8.18

9.85

13.47

1579

275358

71917

5.18

2.81

4.66

5.79

6.76

7.85

9.46

12.91

1580

275310

71959

5.17

2.71

4.47

5.54

6.47

7.51

9.07

12.35

1581

275293

71976

5.16

2.61

4.28

5.30

6.18

7.18

8.68

11.79

1582

275284

71996

3.61

2.51

4.09

5.06

5.90

6.85

8.30

11.24

1583

275141

72146

3.57

2.41

3.90

4.81

5.61

6.52

7.91

10.68

1584

275077

72346

3.45

2.31

3.71

4.57

5.32

6.19

7.52

10.12

1000yr
44.90
44.40
43.90
43.00
42.20
41.60
41.10
40.50
39.90
39.30
38.50
37.70
36.90
36.10

Source

Confidence

Bickington
Bickington
Bickington
Bickington
Bickington
Bickington
Bickington
Bickington
Bickington
Bickington
Bickington
Bickington
Bickington
Bickington
Interpolated_A
shburton
Interpolated_A
shburton
Interpolated_A
shburton
Interpolated_A
shburton
Interpolated_A
shburton
Interpolated_A
shburton
Interpolated_A
shburton
Interpolated_A
shburton
Interpolated_A
shburton
Interpolated_A
shburton

High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High

Modelled Flood Flows, in m3/s (undefended model run)
10yr
25yr
50yr
100yr
250yr

Node
Reference

Easting

Northing

Area (Km²)

2764

279947

71058

3.69

2.50

4.05

4.98

5.78

6.68

8.09

10.75

2765

279751

71133

3.60

2.45

3.96

4.88

5.66

6.54

7.93

10.53

2766

279644

71299

3.55

2.42

3.92

4.82

5.59

6.47

7.84

10.41

2767

279553

71373

3.32

2.29

3.70

4.56

5.29

6.12

7.41

9.84

2768

279438

71445

3.24

2.24

3.63

4.47

5.18

5.99

7.26

9.64

2769

279370

71486

3.21

2.23

3.60

4.43

5.14

5.95

7.20

9.57

2770

279296

71483

3.14

2.18

3.54

4.35

5.05

5.84

7.07

9.39

2771

279192

71450

3.09

2.16

3.49

4.29

4.98

5.76

6.98

9.27

2772

279097

71444

3.04

2.13

3.44

4.23

4.91

5.68

6.88

9.14

2773

278978

71408

3.01

2.11

3.41

4.20

4.87

5.64

6.83

9.07
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