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1.0 Introduction
1.1

Introduction

1.1.1

Enzygo Ltd was commissioned by E&JW Glendinning Ltd to carry out tracer investigations on
stream sinks in the vicinity of Linhay Hill Quarry, Ashburton Devon.

1.1.2

The quarry is extracting the Chercombe Bridge Limestone Formation. The area underlain by
limestone in the Linhay-Caton-Bickington area, including Linhay Hill Quarry, is a buried karst.

1.1.3

As noted by LRC (20161) a large proportion of groundwater in karst is stored in the soils and
superficial deposits and the epikarst (upper layer of weathered bedrock). Groundwater
drainage is through a solutionally-enlarged integrated drainage network in the limestone
bedrock comprising channels that are tributary to larger conduits. The conduits converge to
points of discharge (springs) which are commonly on the surface but can also discharge from
the bed of watercourses. Flows in watercourses can also be lost through the watercourse bed.

1.1.4

In a buried karst, the conduits and much of the epikarst developed by groundwater flows and
solution of the limestone during an earlier phase and was later filled by younger sediments
which restricted further groundwater flows. Flows can be re-activated by removal of the
sediment - for example by intersection of a filled conduit by quarrying which allows the infill
near the quarry face to collapse or be transported into the excavation, and steepening of the
hydraulic gradient, causing increased drainage velocities through the conduit and entraining
more sediment in the flow. Removal of soils and superficial deposits can also occur from
below, by mechanical erosion from underground flows forming dropout dolines (broadly
circular closed depressions) aligned along the flow route.

1.1.5

In some cases, intersection of underground conduit networks by quarrying can therefore lead
to ground instability along reactivated flow lines, and a reduction in spring flows elsewhere,
where groundwater is captured by the quarry void.

1.1.6

It is proposed to extend the quarry eastward. There are two defined stream sinks east of the
proposed extension limit associated with streams near Alston Farm and the village of Caton;
these watercourses, which are not named on OS maps of the area, are referred to as the Alston
stream and Caton stream respectively.

1.1.7

Alston stream flows in a shallow watercourse along a field boundary south of Alston Farm and
at low flow (<5 litres/minute measured on 8/1/20) sinks into a narrow aperture in the bed
(Figures 1 and 2) at National Grid Reference (NGR) SX77735 71949. The aperture opens into a
broadly circular void which is approximately 1.8 m deep and 1 m diameter formed in
unconsolidated superficial deposits with no limestone bedrock apparent when viewed from
surface. Higher flows fill the void to surface (for example on 9/1/20 following overnight rain)
and flow continues south then west along the field boundary watercourse. When there is
sufficient flow, the Alston stream reaches a drainage ditch at the northern edge of the A38,
where a drainage pipe permits flow under the carriageway. However, infiltration to ground
along much of its route means that the stream does not reach this point for most of the year.

1

LRC 2016. Advice regarding the effects of a proposed extension to Linhay Hill Quarry, Devon on local karst
landforms and drainage. Report to Calton Residents Group Report No 2016/17 Limestone Research &
Consultancy Limited.
SHF.552.001.HY.001
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1.1.8

The Caton stream is partially diverted at the north side of Caton into the fields to the east, but
during the tracer investigation, a component of flow along its original route was observed,
sinking underground in the large depression at NGR SX78178 71882 (Figure 3).

1.1.9

There was a third defined stream sink south of the quarry and the A38 off Gale Road. Stream
flow from the vicinity of Mead Farm is culverted north under Gale Road and then flows east
along the field boundary with Gale Road. At low flow the stream sank into the bed of the
watercourse at NGR SX 77815 71115 (Figure 4) but the sink was infilled with cement by the
landowner in January 2020.

Figure 1 Alston stream (stream sink in mid ground, 8 January 2020)

Figure 2 Alston stream sink 8 January 2020

Figure 3 Caton stream sink 17 December 2019

SHF.552.001.HY.001
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Figure 4 Rhodamine WT injection Caton stream 8 January 2020

Figure 5 Mead Farm stream sink December 2019, now infilled and cemented

1.2

Aims

1.2.1

The aim of the investigation is to establish the relationship between the sinking surface waters
of Alston stream and Caton stream and emergent groundwater in this karstified limestone
aquifer and characterise current groundwater flow paths using tracers. It is intended that this
will inform the current conceptual model of the groundwater system and establish baseline
conditions against which to compare future conditions following the proposed extension and
deepening of the quarry which has been applied for by Application No DCC/39944/2017.

SHF.552.001.HY.001

Page 6

July 2020

Linhay Hill Tracer Investigation
E & JW Glendinning Ltd

2.0 Tracer Testing December 2019 and January 2020
2.1

Injection locations

2.1.1

A site walkover was undertaken in December 2019. This found both the Mead Farm stream
and Aston stream sinks to be full, with flow continuing down each watercourse. With no
defined point of injection for the tracer, injections were abandoned until lower flow
conditions in the watercourses. However, it was possible to inject tracer to the Caton stream
at the single location it sinks to ground (Figure 3) as there was no overflow to elsewhere.

2.2

Points of emergence/ sampling locations

2.2.1

The site walkover both within Linhay Hill Quarry and in the wider area identified several
potential points of emergence (springs conduit flows and watercourses). Enzygo implemented
a comprehensive set of monitoring locations for the tracer test, at or immediately
downstream of these potential points of emergence. These monitoring locations are listed
together with the injection locations in Table 1.

Table 1. Monitoring locations
Location
Code
I1
I2
M1

NGR

Notes

Alston stream
Caton stream
River Ashburn

SX 77705 71976
SX 78166 71906
SX 75497 69360

M2

NE face fracture/conduit
Linhay Hill Quarry

SX 77370 71608

M3

Sump/Sump Tank, Linhay
Hill Quarry
Conduit flow lowest level
south face Linhay Hill
Quarry
Conduit flow top level
south face Linhay Hill
Quarry
Conduit flow east of M4L

SX 77275 71618

Upstream of injection point
Upstream of injection point
Balland stream is culverted through Ashburton
and no safe monitoring point at confluence with
R Ashburn so sampled downstream of
confluence
~66 mAOD
Conduit flow at receiving v-notch tank, conveyed
via unlined ditch towards holding tank on Level
6, with infiltration to ground along route
Pump storage tank

M5

Kester Brook
downstream of
Goodstone Springs

SX 78598 71421

M6

Lemonford springbrook

SX 79285 72326

M7

Lemonford stream above
Lemonford springbrook
at Bow Bridge

SX 79476 72427

M4L

M4U

M4A

Description

SHF.552.001.HY.001
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Conduit/fissure flow; high suspended solids
throughout monitoring period. Flows to pumped
sump
At receiving v-notch tank
Will eventually drain to pumped sump
Emergent stream lowest level of quarry, clear
throughout monitoring period, flows to pumped
sump
Springs are on private land, no accessibility so
watercourse downstream was sampled
~97 mAOD
Spring on private property and not accessible so
downstream springbrook sampled. ~83 mAOD
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bridge ~77 mAOD
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2.3

Tracer injections

2.3.1

Tracer testing is a reliable way of determining connections between two or more points in an
aquifer. Usually, the tracer test is designed to avoid visual coloration of water at potential
receptor springs and watercourses but can then fail to detect divergent flows (Gunn, 20072).

2.3.2

The tracers used, injection date, amount and locations are summarised in Table 2. A repeat of
the December 2019 optical brightener trace at Caton stream sink was made in January 2020
using Rhodamine WT.

2.3.3

The tracer amounts used (Table 2) are below the 10 litre limit on tracer amounts for
experimental purposes3 and so an environmental permit was not required. Nevertheless, the
Environment Agency duty officer was given notice of the works.

2.3.4

Given the generally rural location of the receiving watercourses and pre-notification to the
Environment Agency of the tests, it was decided to use enough tracer to provide unequivocal
results whilst avoiding gross discoloration of receptor surface watercourses.

2.3.5

The tracers are not naturally present in significant concentrations in water and are:

2.3.6

•

non-toxic to benthic fauna in the low concentrations used;

•

subject to generally low adsorption losses in organic rich waters; and

•

measurable at low (sub visible concentrations using spectrofluorimetry.

The tracers were risk assessed as posing a negligible risk to the water environment and end
users of receptor waters in the quantities used.
Injection method

2.3.7

Each tracer was poured from its container directly into the water at the point it was sinking
into its bed. No pre- or post- flush was required.

Table 2. Tracers, injection locations, amounts, and times
Date,
Time

Amount

Uvitex BME (optical
brightening agent)

17/12/19
10:20 am

9 litres 35%

Rhodamine WT
CI Basic Red 388
CAS 37299-86-8

8/1/20
10:20 am

500 ml 20%
solution

I2 Caton stream sink Caton

Sodium Fluorescein
CI Acid Yellow 96
CAS 518-47-8; CI 45350

8/1/20
09:30 am

500 ml 40%
solution

I1 Alston stream sink

Tracer

Injection point
I2 Caton stream sink Caton

Elevation of injection
point mAOD
~126

Farm TQ13 7EU
~126

Farm TQ13 7EU
~139

2

Gunn, J. 2007 Contributary area definition for groundwater source protection and hazard mitigation in
carbonate aquifers. In (Parise M and Gunn J (Eds)) Natural and anthropogenic hazards in karst areas:
recognition, analysis and mitigation. Geological Society of London Special Publication 279, 97-109.
3
https://www.gov.uk/guidance/tracer-tests-and-remediation-schemes-environmental-permit-exemption
SHF.552.001.HY.001
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2.4

Sampling and analysis
General protocols

2.4.1

The sampling materials were prepared by the laboratory: LRC (Limestone Research &
Consultancy Ltd).

2.4.2

One member of Enzygo staff handled the tracers and another member of staff handled
sampling materials and obtained samples. Later sampling was undertaken by Atkins staff.

2.4.3

Analysis was undertaken by LRC.

2.4.4

Fluocapteurs and water samples were obtained from monitoring points before the tracer tests
to determine background fluorescence. Several natural substances fluoresce at similar
wavelengths to the fluorescent tracers- particularly humic and fulvic acids, and water passing
through urban developments can have elevated background fluorescence from cleaning
products input to watercourses from sewer misconnections and septic tank outfalls. Readily
available drain trace substances used to establish urban drainage connections contain sodium
fluorescein.
Optical brightener

2.4.5

BP cotton pads that had been checked to ensure zero fluorescence were suspended in porous
plastic bags in the water column at each monitoring location to absorb any passing optical
brightener. Each pad was exchanged daily where possible for 10 days after tracer injection on
17/12/19 (Table 3).

2.4.6

The recovered cotton pads were posted to the laboratory where they were washed and
inspected under UV light.
Fluorescent dyes

2.4.7

Activated charcoal ‘fluocapteurs’ were suspended in the water column at each monitoring
point. They continually absorb organic matter including any fluorescent tracer if present in the
water flowing past, until the charcoal is saturated, which can take several days. So, the
fluocapteurs can be left to continuously sample for several days if required. Fluocapteurs were
exchanged on the 8th, 9th, 10th, 13th, and 14th January 2020.

2.4.8

A grab water sample was obtained on each occasion the monitoring sites were visited.

2.4.9

The water samples and solvent extracts from the activated charcoal samples were analysed
by the laboratory using a spectrofluorimeter.

2.5

Results
Optical brightener

2.5.1

The optical brightener injected at I2 on the morning of 17th December 2019 was very strongly
visible on the detector recovered on the morning of 18th December from location M5 (Kester
Brook downstream of Goodstone springs), i.e. 24 hours after injection (see results in Appendix
1). It was not visible on any other detector at M5 or any other location. However, many of the
detectors from the quarry, from the Lemonford spring brook and River Lemon were heavily
crusted with fine silt such that they could not be easily visually analysed, due to heavy rainfall
entraining fine silt sediment into the watercourses.

SHF.552.001.HY.001
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2.5.2

The linear distance from the Caton stream sink to M5 is ~700 m (580 m to Goodstone Springs)
giving a flow velocity of ≥29 m/hour.
Rhodamine WT

2.5.3

The results of spectrofluorimetric analysis of water samples and charcoal fluocapteurs are
included in Appendix 2.

2.5.4

Rhodamine WT injected at I2 on the morning of 8th January 2020 was present in sub-visible
but measurable concentrations in all water samples from location M5 (Kester Brook
downstream of Goodstone springs), i.e. 24 hours after injection. The highest concentrations
were on 9th and 10th January and concentrations then declined, but the tracer was still present
at the end of water sampling on 13th January. The initial breakthrough of tracer is the same as
that for the previous optical brightener trace but its continued presence over time indicates
dilution and dispersion of tracer into the wider groundwater unit feeding the flow through
M5.

2.5.5

The fluocapteur results for Rhodamine WT support the results of the water sampling, and the
tracer was recorded on the fluocapteurs present from 13th January to 22nd January 2020.

2.5.6

Note that the quarry was closed for operational reasons on the afternoon of 9th January and
was closed at the weekend (11th and 12th January) so sampling could not be carried out.

2.5.7

The linear distance from Caton stream sink to M5 is ~620 m (540 m to Goodstone Springs)
giving a flow velocity of ≥26 m/hour.

2.5.8

Rhodamine WT was not recorded on any other detector at any other location.
Sodium Fluorescein

2.5.9

The results of spectrofluorimetric analysis of water samples and charcoal fluocapteurs are
included in Appendix 2.

2.5.10 Fluorescein injected at I1 on the morning of 8th January 2020 was present in sub-visible but
measurable concentrations in the water samples from location M2 (NE face conduit Linhay
Hill Quarry) on the morning of 10th January, i.e. ~48 hours after injection. The linear distance
from Alston stream sink to M2 is ~600 m giving an initial flow velocity of ≥12.5 m/hour.
2.5.11 The fluocapteur results for fluorescein support the results of the water sampling, the tracer
was recorded on the fluocapteur recovered on 10th January and the tracer was present on the
fluocapteurs recovered on 13th and 22nd January.
2.5.12 Note that the quarry was closed for operational reasons on the afternoon of 9th January and
was closed at the weekend (11th and 12th January) so sampling could not be carried out.
2.5.13 Fluorescein was also recorded on one occasion only on the fluocapteur from M5 recovered on
10 January (~48 hours after injection) and on the fluocapteurs recovered from M6 and M7 on
the afternoon of 9 January (~30 hours after injection). It was not detected in water samples
from M5, M6, and M7.
2.5.14 The linear distance from the Alston stream sink to M5 is ~960 m giving a flow velocity of
≥20 m/hour.
2.5.15 The linear distance from the Alston steam sink to M6/M7 is ~1500 m giving a flow velocity of
≥50 m/hour.
SHF.552.001.HY.001
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2.5.16 Fluorescein was not measurable in water samples from any other location. However, a weak
fluorescein concentration was detected on the fluocapteur from M1 (River Ashburn below
Balland Brook confluence) on 9 January. This is unlikely to originate from the Alston stream as
it would have to pass into the quarry sump and be pumped out into the quarry settling lagoon
before discharge to Balland Brook and on past monitoring point M1. Tracer was not recorded
in the pump storage tank M3 even though tracer from M2 would have to pass through it. This
is attributed to dilution by the high volume of groundwater in the quarry sump.
2.5.17 The M1 fluocapteur was later re-tested by LRC and found to be negative.

2.6

Interpretation

2.6.1

The optical brightener (OBA) trace of the Caton stream in December to Kester Brook (M5)
indicated rapid transmission with little dispersion of tracer such that it emerged as a single
concentrated short-lived pulse in less than 24 hours, resulting in a strong positive detection
on one occasion only. The weather had been very wet for several days such that stream flows
were high and many local roads were flooded.

2.6.2

The repeat trace of the Caton Stream using Rhodamine WT in early January under drier and
lower flow conditions replicated the time of emergence of the OBA tracer (<24 hours) but
produced a tracer plume over several days, indicating some dilution and dispersion into the
wider karst aquifer.

2.6.3

The fluorescein trace of the Alston stream proved that the tracer injected on 8th January went
to the fracture/conduit M2 in the north east face of Linhay Hill Quarry where it was picked up
in water samples and fluocapteurs on 10th January. However, there was also a short-lived weak
pulse of tracer recorded on fluocapteurs at Kester Brook M5, the Lemonford spring and the
Lemonford stream indicating a hydraulic connection and a previously unknown point of
emergence of groundwater to the Lemonford stream.

2.6.4

Under the high groundwater conditions of the 8th January trace, the results indicate a divide
in the karst groundwater system such that the sinking Alston stream water flows underground
both west and east/south east.

2.6.5

The weak fluorescein concentration originally detected on the fluocapteur from M1 (River
Ashburn below Balland Brook confluence) occurred on 9 January, some 24 hours earlier than
the much stronger detection at M2. In conjunction with the negative result on retesting, this
strongly suggests that the original detection was spurious. Furthermore, there appears to be
no plausible flow path between the Alston stream sink and M1 that would avoid detection at
the quarry sump and reach the River Ashburn prior to emergence in the northeast face
fracture at M2.

2.6.6

To confirm this beyond any reasonable doubt, Enzygo recommended a repeat trace of the
Alston stream with a larger amount of tracer and more detailed monitoring and sampling to
see if the split catchment results could be replicated and whether there was a definable
connection between the Alston stream sink and the River Ashburn.

SHF.552.001.HY.001
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3.0 Repeat Tracer Test Alston Stream Sink I 1 March 2020
3.1

Aims

3.1.1

The 8th January fluorescein trace of the Alston stream proved that the tracer went to the
conduit in the north east face of Linhay Hill Quarry where it was picked up in water samples
and fluocapteurs at location M2 on 10th January. However, there was also a short-lived weak
pulse of tracer recorded on one daily fluocapteur at the River Ashburton (M1), Kester Brook
(M5), the Lemonford spring (M6) and the Lemonford stream (M7), indicating a weak hydraulic
connection and previously unknown points of emergence of groundwater.

3.1.2

Following the recommendations of the first trace (section 3.1.6), a repeat trace of the Alston
stream was undertaken with a larger amount of tracer and more detailed monitoring and
sampling to see if the split catchment results could be replicated and whether there was a
definable connection between the Alston stream sink and the River Ashburn to the west, and
the Lemonford stream and Lemonford spring to the east.

3.1.3

To reduce the risk of overflow from a tracer injection to the Alston stream sink contaminating
other potential receptors, the stream flow was partially diverted around the sink In February
2020 prior to and during the trace using a drainage pipe through a small earth dam diverting
stream flows upstream into the by-pass pipe. This also allowed control on flows into the sink
during the injection.

3.2

Points of emergence/ sampling locations

3.2.1

The proposed sampling locations were as used during the previous traces together with
several additional locations proposed by and agreed with Atkins. These are listed together
with the injection location in Table 3. However, due to previous wet weather the lowest level
of the quarry was flooded and so locations M4L and M4A were not accessible.

SHF.552.001.HY.001
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Table 3. Monitoring locations March 2020 trace
Location
Code
I1
M1

NGR

Notes

Alston stream
River Ashburn

SX 77705, 71976
SX 75497, 69360

NE face fracture Linhay
Hill Quarry
Sump/Sump Tank, Linhay
Hill Quarry
Conduit flow lowest level
south face Linhay Hill
Quarry
Conduit flow top level
south face Linhay Hill
Quarry
Conduit flow east of M4L
Kester Brook
downstream of
Goodstone springs

SX 77370, 71608
SX 77275, 71618

Upstream of injection point
Balland stream is culverted through Ashburton
and no safe monitoring point at confluence with
R Ashburn so sampled downstream of
confluence
~66 mAOD
At receiving v-notch tank, drains to pumped
sump
Pump storage tank

SX 77225, 71338

Quarry floor flooded, unavailable

SX 77119, 71034

At receiving v-notch tank
Will eventually drain to pumped sump

SX 77244, 71416
SX 78598, 71421

M6

Lemonford springbrook

SX 79285, 72326

M7

Lemonford stream above
Lemonford springbrook
at Bow Bridge

SX 79476, 72427

Quarry floor flooded, unavailable
Springs are on private land, no accessibility so
watercourse downstream was sampled
~97 mAOD
Spring on private property and not accessible so
downstream spring brook sampled. ~83 mAOD
Upstream of the road bridge. The confluence is
with the spring brook is downstream of the road
bridge ~77 mAOD

M8

Inspection Chamber by
quarry block yard

SX 76537, 71013

Quarry discharge to Balland stream

M9

Balland Stream

SX 76537, 71014

Upstream of M8, downstream of tip culvert

M10

Dolbeare stream

SX 76300, 70300

This stream drains the land to the south of the
A38 and could pick up tracer bypassing the
southern edge of the quarry.

M11

Balland Stream,

SX 76300, 70460

M12

River Ashburn upstream
of confluence with the
Balland stream.

SX 75620, 69750

Upstream of its confluence with the Dolbeare
stream. This should pick up any tracer bypassing
to the north of the quarry and discharging to
surface water
This should identify/rule out any sources in the
Ashburn upstream of M1 and the Balland Stream
confluence

M13

River Ashburn U/S flood
defence scheme at new
development river
crossing point

SX 75360, 69340

M2
M3
M4L

M4U

M4A
M5

Description

SHF.552.001.HY.001
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3.3

Tracer injection

3.3.1

The tracer used, injection date, amount, and location are summarised in Table 4.

3.3.2

The tracer amount is below the 10 litre limit on tracer amounts for experimental purposes 4
and so an environmental permit was not required.
Injection method

3.3.3

Flow was partially diverted from the installed bypass pipe into the stream sink to pre-flush
before injection of the dye. The initial flow was measured at 10 litres/minute using a bucket
and stopwatch. However, the sinkhole was filling at that flow rate so the inflow was reduced
to 5 litres/minute to prevent overtopping and maintain a low level in the sinkhole. The tracer
was directly injected (Figure 6) and the inflow of clean water was maintained overnight at ~5
litres/minute.

Figure 6 Alston Stream Sink tracer injection 13:00 9/3/20

3.3.4

4

Residual tracer was observed in the sink at 15:00 on 10/3/20. Inflow to the injection site
continued at ~5 litres/minute with a low static level in the sinkhole at least until Saturday 13th
when it was last checked and there was no visible tracer in the sink.

https://www.gov.uk/guidance/tracer-tests-and-remediation-schemes-environmental-permit-exemption

SHF.552.001.HY.001
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Table 4. Tracer, injection location, amount, and time March 2020 trace
Date,
Time

Tracer
Sodium Fluorescein
CI Acid Yellow 96
CAS 518-47-8; CI 45350

3.4

9/3/20
13:00pm

Amount
Injection point
2000 ml 40% solution
800g dry weight

I1 Alston Stream sink

Elevation of
injection
point mAOD
~139

Sampling and analysis
General protocols

3.4.1

The sampling materials were prepared by the laboratory: LRC (Limestone Research &
Consultancy Ltd).

3.4.2

One member of Enzygo staff handled the tracers and another member of staff handled
sampling materials and obtained samples. Later sampling was undertaken by Atkins staff.

3.4.3

Analysis was undertaken by LRC.

3.4.4

Fluocapteurs and water samples were obtained from monitoring points before the tracer tests
to determine background fluorescence. Several natural substances fluoresce at similar
wavelengths to the fluorescent tracers- particularly humic and fulvic acids, and water passing
through urban developments can have elevated background fluorescence from cleaning
products input to watercourses from sewer misconnections and septic tank outfalls. Readily
available drain trace substances used to establish urban drainage connections contain sodium
fluorescein.
Fluorescent dyes:

3.4.5

Activated charcoal ‘fluocapteurs’ were suspended in the water column at each monitoring
point for several days as a back up to the more frequent water sampling. Fluocapteurs were
installed and exchanged on 9th, 11th, 13th, 19th, 25th March; 3rd April, and 17th April at some
locations.

3.4.6

A grab water sample was obtained on each occasion the monitoring sites were visited to
exchange the fluocapteurs.

3.4.7

Battery powered ISCO 3700 24-bottle automatic water samplers were installed at locations
M5, M6 and M7. These were set to sample each watercourse hourly and water collected in
the sample bottles in the unit was transferred to smaller sample vials and the bottles were
rinsed in clean tap water and re installed in the sampler unit. Consequently, a full set of 1hourly water samples was obtained for each of the monitored sites from 10:00 or 11:20 on
10/03/20 to 10:00 or 11:20 on 14/3/20 (the three samplers taking an hour and 20 minutes in
total to set up). A grab water sample was also obtained from each watercourse when the
sampler was replenished.

3.4.8

A GGUN logging field fluorimeter was installed behind the V-notch weir in the weir tank at
location M2. This was calibrated for sodium fluorescein by the laboratory (LRC Ltd) and logged
fluorescence at 5-minute intervals from the morning of 10th March until the afternoon of 13th
March when it had to be removed for quarry operational reasons.
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3.4.9

The water samples and solvent extracts from the activated charcoal samples were analysed
by LRC using a spectrofluorimeter (See Appendix 3).

3.4.10 The GGUN digital data stored on an SSD Card were processed by LRC (see Appendix 3).

3.5

Results

3.5.1

Fluorescein was recovered from water samples and fluocapteurs in the M2 north east quarry
face V-notch weir tank. No fluorescein was recorded at any other sample location.

3.5.2

The M2 water sample collected at 14:15 on 12th March, and samples collected on 9th , 10th and
11th March did not contain dye but samples from 14:20 on 13th March onwards all contained
dye. The highest concentration (0.14 µg/L) was on 13th March. Concentrations in the 16th and
17th March samples were lower but there was a second peak from 19th-23rd March. Fluorescein
was still present in the last water sample analysed (0.08 µg/l; 26th March).

3.5.3

The GGUN field fluorometer deployed at M2 recorded the first dye at 16:00 on 12th March
which agrees with the spot sample results (Appendix 3). The field fluorometer records slightly
higher concentrations. Due to operational constraints the fluorimeter had to be recovered on
13th March so it was only on site long enough to record the first emergence of the tracer and
a full % recovery estimate is not possible. But there was no recorded tracer at any other site,
so it is reasonable to assume that all the tracer injected passed through M2.

3.5.4

The GAC fluocapteur in situ 9th-11th March at M2 recorded no dye. The 11th-13th March
fluocapteur recorded a small, but clear, fluorescein peak (Figure 4). This is consistent with dye
being present for about a third of the time the fluocapteur was deployed. Elutant from the
fluocapteurs deployed 13th-19th March and 19th-26th March showed a strong visual
fluorescence consistent with the water samples.

3.5.5

LRC re-analysed fluocapteurs from the River Ashburn (M1) recovered on the 8th and 9th
January 2020. The negative results for both the re-analysed fluocapteurs and those deployed
during the March 2020 trace confirm that the small amount of fluorescence detected during
the original analysis is due to increased background fluorescence in fluocapteurs at M1 rather
than injected tracer.

3.5.6

The average flow at M2 between 00:00 on 9 March and 10:45 on 19 March (when flows were
slowly declining) was 7.66 litres/second (quarry metered flow data). As the inflow to I1 was
estimated at ~5 litres/minute between those dates/times, a small component of the water at
I2 originated from I1.

3.6

Discussion

3.6.1

The second trace results differ from the trace in January 2020 when injected tracer at I1 was
recovered from M2 and on fluocapteurs on one occasion at each of M5 (Kester Brook), M6
and M7 (Lemonford spring and Lemonford stream respectively).

3.6.2

Conditions during the first trace were extremely wet with surface runoff and related flooding
occurring all over the area. Conditions were much drier for the second trace.

3.6.3

Enzygo’s view is that high groundwater levels in the first trace permitted ‘spillover’ from the
M2 catchment into conduits feeding towards the M5 and M6/7 catchments.

3.6.4

The re-tested negative result for the 9th January fluocapteur from M1 and absence of tracer
at M1 during the March trace or at any other upstream monitoring site indicates that there is
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no hydraulic connection between the Alston stream sink and any watercourse north or west
of the quarry.
3.6.5

In terms of impacts of the proposed quarry extension, the M2 fracture/ conduit exposed by
the quarry void has captured some of the flow in the Alston stream which at flows of around
10 litres/minute fills the sinkhole, allowing the excess water to flow on down the surface
watercourse. At flows of ~5 litres/minute or less, all the flow goes to M2 and the surface
watercourse downstream will be dry.
Did the quarry cause the sinkhole to form?

3.6.6

Could the exposure of the M2 conduit have caused the sinkhole at I1 by suffosion following
headward erosion from the quarry face by turbulent flow and removal of the clastic sediment
infills via a pre-existing joint or conduit? In Enzygo’s view it is possible but there is not much
evidence of current significant clastic loads in the stream discharging at M2 as evidenced by
the clean receptor pond and lack of sediment behind the V-notch in the weir tank. As the
landowner diverted the Alston stream to its current course around 2004-2006, there appears
to be limited potential for such sediment to have been removed from the underlying conduit
at an earlier stage in the quarry’s development.

3.6.7

It is notable that several other stream sinks are present across the outcrop of the Chercombe
Bridge Limestone Formation, whilst observed groundwater levels in the vicinity of streams
typically lie several metres below the surface, even at considerable distances from the quarry.
As such, stream sinks appear to be a natural feature of the landscape, a hypothesis supported
by the sizeable stream sink within the Caton stream, which lies beyond the capture zone of
the quarry.

3.6.8

Regardless, extension of the quarry will not worsen the baseline situation since the existing
quarry has already captured a significant proportion of low flow in the Alston stream.

3.6.9

Capture of the Alston stream by the quarry extension is unlikely to cause ground stability
issues as much of the intervening ground will be quarried away by the extension. A reduction
in flows under high groundwater conditions to the east and south east is unlikely to cause
ground stability issues, and otherwise the main concern is one of effects on flows on Kester
Brook. Effects on Lemonford stream or the Lemonford spring are not significant as only a small
proportion of water entering the sink under high groundwater conditions flows there and
under ‘normal’ flow levels the groundwater levels are low such that groundwater flows only
to M2 in the quarry.

3.6.10 The topography suggests that some water from the Alston stream downstream of the sink
may eventually flow to the Kester Brook during wet conditions, although there appears to be
infiltration to the ground along much of this route. Swallow holes in nearby watercourses and
losses to ground along the Alston stream more generally suggest that losing streams may be
a natural feature of the system, regardless of whether the current swallow hole exists or not.
In the absence of the current stream sink, it is unclear how much of the water captured by this
feature (around 5 litres/minute) would flow as far as the Kester Brook.
3.6.11 Importantly, until the Alston stream was diverted, its natural former course appears to have
been westward to the Balland stream as evidenced by the abandoned waterwheel in Alston
Farm which lies to the west of the stream’s current alignment. So, post-diversion the Alston
stream has been adding to surface or groundwater feeding Kester Brook. The loss of these
small volumes of water to the stream sink is inconsequential, and in any event the lost water
is recirculated back to Balland Brook via the quarry pumping.
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Appendix 1
Cotton Fluocapteur Results OBA Injection 17 December 2019 @I2
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ANALYSIS OF COTTON WOOL
FLUOCAPTEURS UNDER UV LIGHT

M2 18/12/19

M3 18/12/19

M4L 18/12/19

M4U 18/12/19

M5 17/12/19

M5 18/12/19 09:50
Bright blue fluorescence

M6 18/12/19

M7 18/12/19
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Appendix 2

Water Sample and GAC Fluocapteur Results January and March 2020

SHF.552.001.HY.001

July 2020

Linhay Hill Tracer Investigation
E & JW Glendinning Ltd

8 January 2020 tracer injections fluorescein @ I1 and Rhodamine WT @ I2
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9 March 2020 Tracer injection: Fluorescein @ I1
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Appendix 3

GGUN field fluorimeter and water sample fluorescein concentrations @ M2 (LRC laboratory report to
Enzygo Ltd)
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Laboratory analysis of water and GAC fluocapteurs
from Linhay Quarry tracing experiment
1.

Methods

1.1 On receipt the GAC fluocapteurs were cleaned and dried prior to analysis. Approximately 7g
of charcoal was weighed into a beaker and 20ml of elutant was added. The elutant was brought to
the boil on a hotplate and after 1 minute removed to cool. It was then analysed on a Cary Eclipse
scanning spectrofluorometer using a synchronous scan method with an 18nm separation.
1.2 The water samples were analysed directly on the Cary Eclipse scanning spectrofluorometer
using the same method but with a larger slit-width to increase sensitivity. Those water samples that
were turbid were passed through a 0.8µm filter prior to analysis.
1.3 The shape and size of the fluorescence curves were examined to determine whether or not any
sodium fluorescein dye was present.
2.

Results

2.1 Dye was only recovered from one site, M2. The water sample collected at 14:15 on 12 March,
and samples collected on 9, 10 and 11 March did not contain dye but samples from 14:20 on 13
March onwards all contained dye (Figures 1 and 2). The highest concentration (0.14µg/L) was on
13 March. Concentrations in the 16 and 17 March samples were lower but there was a second peak
from 19-23 March. Tracer was still present in the last water sample analysed (0.08µg/L; 26 March)
2.2 A GGun field fluorometer deployed at M2 recorded the first dye at 16:00 on 12 March which is
in accord with the spot samples (Figure 3). The field fluorometer records slightly higher
concentrations.
2.3 The GAC fluocapteur in situ 9-11 March recorded no dye. Elutant from the 11-13 March
fluocapteur recorded a small, but clear, fluorescein peak (Figure 4). This is consistent with dye only
being present for about a third of the time the fluocapteur was deployed. Elutant from the
fluocapteurs deployed 13-19 March and 19-26 March showed a strong fluorescence consistent with
the water samples.
1

Figure 1

Figure 2

2

Figure 3

Figure 4
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