INSTITUTE of
HYDROLOGY

Liveoaks Quarry Proposed Extensions.

Preliminary Hydrological Assessment.




—

! .
= | !

o e i

INSTITUTE of HYDROLOGY

The Institute of Hydrology 1s a component establishment of the UK
Natural Environment Research Council, grant-aided from Government
by the Department of Education and Science. For over 20 years the
Institute has been at the forefront of research exploration of hydrological
systems within complete catchment areas and into the physical
processes by which rain or snow is ttansformed into flow in rivers.
Applied studies, undertaken both in the UK and overseas, ensures that
research activities are closely related to practical needs and that newly
developed metheds and instruments are tested for a wide range of
environmental conditions.

The Institute, based at Wallingford, employs 140 staff, some 100 of whom
are graduates. Staff structure is multidisciplinary involving physicists,
geographers, geologists, computer scientists, mathematicians, chemists,
environmental scientists, soil scientists and botanists. Research
departments include catchment research, remote sensing,
Instrumentation, data processing, mathematical modelling,
hydrogeology, hydrochemistry, soil hydrology, evaporation flux studies,
vegetation-atmospheric interactions, flood and low-flow predictions,
catchment response and engineenng hydrology.

The budget of the Institule comprises £4.5 milbon per year About 50
percent relates to research programmes funded directly by the Natural
Environment Research Council. Extensive commissioned research is
also carmed out on behalf of government departments (both UK and
overseas), vanous international agencies, environmenial organisations
and pnvate seclor clients. The Institute 1s also responsible for
nationally archived hydrolegical data and for publishing annually
HYDROLOGICAL DATA: UNITED KINGDOM.
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ARC (Powell Duffryn Ltd)
Aggregates Division Head Office
Canal Road

Cwmbach

Aberdare

Mid Glamorgan

CF44 0AG

Date: 26 July 1990

Attention : HMr R.G. Woodbridge

Dear Sirs,

Institute of
Hydrology

Maclean Building
Crowmarsh Gifford
Wallingford
Oxfordshire OX10 8BB
United Kingdom

Telephone (0491} 38800

Telex 849365 HYDROL G
Facsimuile (0491) 32256

Your ref

Qur ref

PRELTHINARY HYDROLOGICAL ASSESSMENT LIVEOAKS QUARRY EXTENSION

In response to your enquiry of 30 May 1990, the

following is a short note

outlining our preliminary assessment of the potential hydrological and

hydrogeological problems that may be encountered
quarry extension area.

Yours faithfully,

Nﬂw\ N G\lh

N. Runnalls
Consulting Services.

in the proposed Liveoaks

Natural Environment Research Council

Based on recycled paper
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PRELIMINARY HYDROLOGICAL ASSESSMENT LIVEOAKS QUARRY EXTENSION

1. INTRODUCTION

1.1 Amey Roadstone Corporation Iis currently working Liveoaks aggregate quarry
located on the west bank of the River Wye in Gwent (NGR 3542E/19755N), 3.5 km
north of Chepstow. Its location is shown on Figure 1. The existing quarry
covers an area of about 12 ha. on the lower part of a ridge wlthin a meander of
the River Wye. It is proposed to extend the existing quarry by about 20 ha. in

a westerly direction to within 150 m of the A466 Chepstow- Monmouth road.

1.2 The Blackcliff-Hyndcliff SSSI surrounds the proposed quarry extension to
the north, south and west, while the River Wye SSSI lies to the north, south

and east of the site as shown in fiqure 4.

1.3 This note is a prelinminary assessment of the potential hydrological impact
of the proposed extension to Liveoak Quarry on the adjacent 5551's and on any
nearby sources of water supply or springs, and also examines the likely
hydraulic connection between the River Wye and the quarry workings. It has been
prepared by the Institute of Hydrology at the request of ARC and is based on a
site inspection, information supplied by' ARC and other data held at

Wallingford.

2 GEOLOGY

2.1 The geology of the general area is shown in Figure 1 [0S Sheet
250 {Chepstow) 1:50000 dated 1972] and the stratigraphic sequence is given in

Table 1.




Table 1  Stratigraphic Sequence

Carboniferous Crease Limestone
Lower Dolomite
Lower Limestone Shale
Limestone

Devonian

{Upper 0ld Red Sandstone} Tintern Sandstone Group
Quartz Conglomerate

(Lower 0ld Red Sandstone) Brouwnstones
Sandstones

2.2 The Lower Dolomite forms the source of aggregate material. This formation
dips in an easterly direction at about 5-10 degrees and is separated from the
Old Red Sandstone aquifer by the Lower Limestone Shales which outcrop to the

west, north and south of the quarry.

2.3 Major landslips, probably associated with the river erosion of the shales,
have occurred to the north and scuth of the site leaving prominent cliffs.

Liveoaks Brake is situated on the Lower Dolomite outcrop some 200 m. south of
the proposed excavation whilst Liveocaks Grove, appears to straddle the
dolomite, shales and the landslip area some 50 m. from the northern boundary,
but the central and eastern portions of Liveoaks Grove are situated on

dolomite.

3 HYDROLOGY

3.1 The average total annual rainfall in the Liveoaks area is approximately
950mm with the bulk of this falling in the late autumn-winter period. The
relative amounts of evaporation, runoff and infiltration is unknown, although

runoff is usually quite limited from the limestone sequence.
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3.2 The surface water catchment of the proposed quarry extension site is less
than 1.0 km2. The main surface water divide extends north-south along the high
ground about 1 km. west of the extenslon and, with four smaller internal

catchment areas, is shown in Figure 2.

3.3 A low west-north-west divide situated approximately 50 m. south of the
southern boundary of the proposed quarry extension defines the northern
boundary to Catchment A. This catchment supplies surface runoff to Liveoaks
Brake in the southeast portions of the Blackcliff-Wyndcliff SS55I. The proposed
quarry extension does npot enter Catchment A and therefore will not affect

runoff to the Liveoaks Brake portion of the SSSI.

3.4 Catchment B covers an area of approximately 0.25 ha. and is the principal
surface drainage feature affecting the proposed quarry extension. The shatllow
drainage ‘channel' within this area is thought to extend from near Minepit
Wood, past the western side of the Liveoaks Farm buildings to a man-made pond
at the southeast corner of the farm. From this pond surface water then flows
through a small woodland area between Lliveoak Brake and Liveoak Grove

(97155390). This woodland lies outside the existing Blackcliff-Wyndcliff SSSI.

3.5 The total volume of surface flow along this drairage channel is unknown,
although approximately 210,000 m3 of water falls annually within Catchment B.
The extent to which surface flow Is redirected by dralnage works beside the

A466 Chepstow-Monmouth road is also unknown.

3.6 The proposed quarry extension will capture. the main drainage channe! within
Catchment .-B and reduce the volume of water passing through the woodland area.
The effect of this reduction in surface water fiow would probably be minimal as

the total area affected is very small (approx. 150 m2).
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3.7 This capture of the main drainage of Catchment B will result in an increase

in the volume of surface water entering the quarry workings.

3.8 Catchment C covers a total area of approximately 0.08 ha with surface flow
to the southeast passing through part of Liveoak Grove {97505400) and into the
existing quarry workings. The volume of surface flow in the main drainage
'channel' in Catchment C 1is unknown, although on average 75,000 m3 of

precipitation falls within the area each year.

3.9 Catchment C does not contribute surface flow to any part of the
Blackcliff-Wyndcliff SSSI. The incorporation of this catchment into the

proposed quarry will not affect surface flow into the SS5SI.

3.10 The boundary between Catchments C and D lies to the north of the proposed
quarry extension. The volume of surface runoff flowing northwards in Catchment

D into the SSSI will therefore be unaffected by this extension.

3.11 The northwest and northeast corners of the proposed quarry developmeﬁt
extend into Catchment D. However because of the small areas involved, 50 m x
100 m and 75 m x 100 m respectively, this is unlikely to have any significant

effect upon the S$SSI.

4 HYDROGEOLOGY

4.1 The porosity of the Lower Dolomite is usually low, permeabilities minimal
and yields of water from the matrix minimal. However, where fissures are
developed, either along faults or associated with karstic features, groundwater
flow can be rapid. Such flow is localised to areas of high fissure density and

issues at a limited number of springs.
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4.2 Typically the Lower Dolomite has a low specific yield, with water levels
responding rapidly to rainfall. Transmissivities vary widely ( 10-1000 m2/d)

and storage coefficients range from 0.5 to 2.0%.

4.3 No wells or springs are shown on the 1:25000 0S map In the SSSI areas
adjacent to the quarry extension (Figure 3). It would seem that these SSSI's
are related to the steep uncultivable nature of the slopes bordering the site
and are not due to any particular hydrological characteristic of the site,

whether of surface water or groundwater.

4.4 According to the National Borehole Archives no major groundwater
abstractions occur in the area. The distribution of wells and springs is shown
in Figure 3. A strong perennial spring is reported to occur at the foot of the
Ban-y-gor cliff on the river bank opposite the present quarry [Wells and
Springs of Gloucestershire]. This could be assoclated with the nearby St Arvans
faultline. The yield is reported to be about 500,000 gpd in summer and
1,500,000 gpd in winter. It was used by Tidenham and subsequently the Chepstow
Water Company as a source of supply from about 1900. The present status is
unknown but it is likely that the villages previously served by this supply

will now be using alternative sources.

4.5 There are no wells or springs in the proposed quarry extension area itself:
up until 1978 Liveoaks Farm drew a supply from a spring south of Moss Cottage
{(96955260). Numerous springs and wells serving local communities occur further
west associated mainly with the Old Red Sandstone. Linen Well and springs to
the north and south of the site appear to be related to local fractures at the
base of the Lower Dolomite sequence and consequently none are likely to be

affected by the quarry extension,




4.6 Groundwater is currently pumped intermittently from a borehole near the
existing quarry plant site (97755430) for industrial and drinking purposes.
This water reportedly has a high iron content and presumably is derived from
the Old Red Sandstone aquifer. It is unlikely to be affected by the proposed

quarry extension.

4.7 The elevation of the top of the Lower Limestone Shales based on ARC
borehole information varies from about +45 m.0.D. at the western end of the
quarry extension to about -25 m.0.D. at the River HWye at the east of the
existing quarry. This indicates that the river bed is in contact with the
dolomite in the area of the existing quarry but upstream and downstream it is
in contact with the shales. Hence, any recharge of the dolomites from the River
HWye would be restricted to the existing quarry area. The anount of recharge

would also be reduced by the silt deposits along the river channel.

4.8 The water level of the sump within the existing quarry is usually at
approximately +3.5 ».0.0D. and does not vary in response to the 0.0-+6.0 m.0.D.
tidal range of the River Wye. In addition, the water in the sump shows no
evidence of entry of salt water from the Wye. This would indicate that there is
no hydraulic connection between the river and this part of the quarry. It is
therefore unlikely that the proposed quarry extension will hydrologically

affect the River Wye SSSI.

4.9 Any groundwater present beneath the extension area would be derived from
rainfall on the dolomite outcrop. The area of dolomites west of the Wye

including the quarry, is small, about 2.5 km2, and therefore the amount of any
groundwater flow in the dolomites would also be very limited. It is reported
that small springs develop at approximately +2% m.0.D. along the western face

of the existing quarry after prolonged periods of heavy winter rainfall. This
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would also suggest that groundwater flow is very limited within the dolomites,
and that in normal circumstances the water table lies below the present level

of exposed quarry workings (+4.0 mn.0.D.).

4.10 None of the seven investigation boreholes drilled during June-July 1989 in
the existing and proposed quarry extension are reported to have encountered
groundwater. Whilst each borehole was drilled into the shales, none penetrated
through the shales into the underlying limestones and Old Red Sandstone, where
an confined aquifer is likely to be present. The lack of groundwater in the
dolomite in the extension area suggests that the upward leakage through

fractures in the shales does not occur within this particular area.

4.11 Whilst occasional breccia zones (some with calcite infilling) occur and
increased fissuring and joints are reported in the upper and lower part of the
dolonites, there are no reports of any groundwater in these zones of secondary
permeability. This would imply that the dolomites do not contain groundwater,
at least in the quarry area. Any groundwater flow that does pass through any
open fissure zones in the lower part of the dolormites would not be reduced by

the quarrying since the quarry floor will be at least 10 m above the shales.

4.12 In view of the conditions described above it is unlikely that the proposed
quarry extension will have any significant effect upon grounduater floW, or

water table levels beneath the two SSSI sites.

5 CONCLUSIONS

5.1 The adjacent woodland SSSI's are not hydraulically related to the quarry

extension area and are therefore unlikely to be affected by the proposed

developments.
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5.2 One small area outside the SS5I, and to the southeast of the proposed

quarry extension will be slightly affected by the diversion of surface flow.

5.3 The River Wye does not contribute recharge to the Liveocaks quarry extension

area and therefore is unlikely to be affected by the proposed developments.

5.4 Springs and wells in the general area are associated with the 0ld Red
Sandstone aquifer which is seperated from the dolomites by a shale sequence.
The yield of any local wells and springflows is uniikely to be affected by the

quarry extensjon.

5.5 The amount of groundwater passing through the dolomites is small and the
impact of the proposed quarry extension on the groundwater regime is likely to

be minimal.
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The demand for long tenm scientific capabilitics concerning the
resources of the land and its fieshwaters s nising sharply as the
power of man to change his envusment is growing, and with
it the scale of his impact, Comprehensive research facilities
(laboratones, field studies, computer modelling, instnuentation,
remote sensing) are needed to provide solutions to the
challenging problems of the modern world i ils concern fo
appropriate and sympathoenc managaement of the fragile systers of
the land's surface.

The Terrestrial and Freshwater Sciences Directorate of the
Natural Environment Research Council brings together an
exceptionally wide range of apuiopnate discipbnes {chenustry,
biology, engineerning, physics, geology, geography, mathematics
and computer sclences) comprising one of the world's largest
bodes of established environmentdal expertisa. A staff of 550,
laraely graduate and professonal, from four Institutes at eleven
laboratories and field stahons and two University units provices
the speciahised knowledge and expenence to mect nationdl and
international needs withreo maor areas

*

Land Use and Natural Resources

*

bnvironmental Quality and Pollithon

*

Beology and Conservation



FRESHWATER BIOLOGICAL ASSOCIATION
The Forry House. Far Sawrey
Ambiemsde. Cumbra LA22 0LP
Tl OSB62 2968 Fax 6914
Telex: 8950811 O;'CONE G
REF 173001

The River Baboratory
[Eaast Sber? v, Warehum
Dhorset BHIO ERE
Ted D62 46TV 14 Fox 282180
Telex BES0S1] OVENEG
REF 1817001
INSTITUTE O BEYDROLOGY
Wallingfocd, Oxon OX 10 5EB
Tool: D48} 38800 Fax: 3235 Telew 220385
Plynhimen Office
Strvitcle, Ly nbevrimas
Powrys 5Y 19 TDB
Tel: 08516 852
INSTITUTL OF TERRESTRIAL ECOLOGY
& Edinburgh Resrareh Statian
Hush Enate, Pencuv, Mirtiotiin TH28 008
Toil: 034448 Fax 5033 Telwx 2579

Harchory Ressarch Station

1
Tel; G4+84 2264 Fax: 4708 Tedex: 65103

Monxs Wood Expanmental Station

Abbots Bigson, Huntingdon, Cxrnbs PE17 218
Tl (4T3 381 Fax: 67 Telox 32418

Bangor Reseasch Statign

Penbaos Howd, Bangos, Gwymeuid LLST 2010
Tel (248 364001 Fax 355365 Telea 61224

I'erzebrook Research Staven
Viaroham. Dorset BHIO SAS
Tel (926 51518 Fax: 51087

¢ INSTITUTE OF ¥IROLOGY
wharsfinid Road, Oxford OX1 R
Tl ONEE 51201 Fax: 50062 Telex: BIMT

® UNIT OF COMPARKATIVE PLANT ECOLOGY
Dwpe of Plant Sciences, Shedfiedd Unerermry, Shellield 510 ITH
Tl 0742 TRESSE Fax: THO 158 Telex ST I6

& UNITOF WATER RESOURCES
SYSTEMS RESLARCH

Tyme NEI THU
Tl 091252 §511 Fax- 261 0181 Telex: 55654

¥ DIRLCTORATE OF TERRESTRIAL
& FRESEWATER SCICNCES
Natural Ervironment Research Councll
Polaris House, North Star Avenus
S~ indcn 52 [ED
Tl 0733 4000] Fax: 511117 Teles: +54283

Natural
Environment
Research

DIRECTORATE OF TERRESTRIAL & FRESHWATER SCIENCES Council





