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outlining our preliminary assessment of the

potential hydrological and

hydrogeological problems that may be encountered in the proposed Livox quarry

extension area.
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N. Runnalls
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PRELIMINARY HYDROLOGICAL ASSESSMENT LIVOX QUARRY EXTENSION

1. INTRODUCTION

1.1 Amey Roadstone Corporation is currently working Livox aggregate quarry
located on the west bank of the River HWye in Gwent (NGR 3542E/19755N), 3.5 km
north of Chepstow. Its Jlocation s shown on Figure 1. The existing quarry
covers an area of about 12 ha. on the lower part of a ridge within 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-Wyndcliff SSSI surrounds the proposed quarry extension to
the north, scuth and west, while the River Hye SSSI lies to the north, south

and east of the site as shown in figure 4.

1.3 This note Is a preliminary assessment of the potential hydrological impact
of the proposed extension to Livox Quarry on the adjacent SS55I'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, Iinformation 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 Old Red Sandstone) Tintern Sandstone Group
Quartz Conglomerate

{Lower 0ld Red Sandstone) Brownstones
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
0ld 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 south of the site leaving prominent cliffs.

Liveoaks Brake is situated on the Lower Dolomite outcrop some 200 m. south of
the proposed excavation whilst Liveoaks 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 !inmestone 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 extension 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 SSSI. The proposed
quarry extension does not 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 approxinately 0.25 ha. and is the principal
surface drainage feature affecting the proposed quarry extension. The shallow
drainage 'channel!' within this area 1s thought to extend from near Minepit
Woocd, 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 flowus
through a small! woodland area between Liveocak Brake and Liveoak Grove

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

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

A466 Chepstow-Honmouth road Is also unknown.

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

the total area affected is very small (approx. 150 m2}.




3.7 This capture of the main drainage of Catchment B wlll result in an increase

in the volume of surface water entering the guarry 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 € 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 SSSI.

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 development
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 55S5I.

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 OS5 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 Gloucestershirel]. This could be associated with the nearby St Arvans
faultline. The vyield 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 Hoss 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 extenslon to about -25 m.0.D. at the River Hye at the east of the
exlsting 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
Wye would be restricted to the existing quarry area. The amount 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 m.0.D. 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 hydraullc connection between the river and this part of the quarry. It ls
therefore unlikely that the proposed quarry extension will hydrologically

affect the River Wye SSSI.

4.9 Any groundwvater 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 +25 m.0.D. along the western face

of the existing quarry after prolonged periods of heavy winter rainfall. This




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 m.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. ¥hilst each borehole was drilled into the shales, none penetrated
through the shales inte the underlying limestones and 0ld 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 dolomites 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 groundwater 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 of woodland to the southeast of the proposed quarry

extension will be slightly affected by the diversion of surface flow but this

lies outside the SSSI.

5.3 The River Wye does not contribute recharge to the Livox 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 Old Red
Sandstone aquifer which is seperated from the dolomites by a shale sequence.
The yield of any local wells and springflows is unlikely to be affected by the

quarry extension.

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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INSTITUTE of HYDROLOGY

The Institute of Hydrolegy is 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 transformed into flow in nvetrs.
Applied studies, undertaken both in the UK and overseas, ensures that
research activities are closely reiated to practical needs and that newly
developed methods 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 1s muludisciplinary 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, sol hydrology, evaporation flux studies,
vegetation-atmospheric interactions. flood and low-flow predictions,
catchment response and engineernng hydrology.

The budget of the Institute comprises £4.5 mullion per year Ahout 50
percent relates to research programmes funded directly by the Natural
Environment Research Council. Extensive commissioned research is
also carried out on behalf of government departments (both UK and
overseas), various international agencies, environmental organisations
and private sector clients. The Institute is also responsible for
nationally archived hydrological data and for publishing annually
HYDROLOGICAL DATA: UNITED KINGDOM.



® FRESHWATER BIOLOGICAL ASSOCLATION
The Furry House, Faz Sawrey
Amblesile Curnbiia LAZI 0L F
Tel 2450 Fase 914
Telen: #3508 1] ONHONE
0300

The River Laboralory
East Sioke, W areham
LDorset BHIU 583
Tl 0629 462304 Fax 462100
Teiax: 886061] ONEONE G

REF w17% )1
DNSTITUTE OF BTYDROLOGT
WaZgiord, Owon OX 10 68
Tel 480 vue0 Fax H2% Telex Sg3es

| Ptyaumoa Office
Stavimie Lasdaynmas
Punyn SYH TDB
el 05BN 053

INSTITUTE Of TERRESTRIAL ECOLOCY

A Edanburgh Revsarch Ratos
Basd Extare Pescwy Madewtosn EHOS 008
Ta: 001448 €3 Fax 364 Telns: TIETS

' Baschary Ress gech Sfarion
Hll of Brathess, Tasvsc|
Barchory Xmcardmestows AR) BT
Gl 05300 M04 Fax X000 Telex TGN

L Martewood Reasarch Ratn
-Sarcis Cambew LA U
Lol 4484 2004 Fax 4708 Taien: 65 50
Moaks Wood Lxpsrimental Staboa
Absbeots Bipace. Hhatgdon, Cambe PE (7T 1L
Tl CAATE 300 Fax: 487 Toiex 33406

" Bamgor Research Slaios
Penbros Boad, Banges Gerrrodd LLST 0O
Tel 0348 3400 ] Fax 355362 Teiex 61504
" Furzebrook Research Satoa
Warebam, Doty BHIO SAS
Tk 0938 51508 Pax: 8T

INSTITUTE OF VIROLOGY

Marstield Read. Ouford OX | 3SR

Tel 0065 51201 Fax 99060 Telox 347

UNTT OF COMPARKATIVE PLANT ECOLOGY

Dept of Flan Scioneon, Shefok! University, Sha!field §10 3TN
Tl 0742 THGSSS Hax: 760 155 Telvx: 84T

UNTT OF WATER RESOURCES

STSTENMD RISEARCH

Pege 0! Civl ngineerng

spon Tyne NEI
T 006 200 BS1J Vo 381 0181 Tede x- 5684
DRECTORATE OF TERRESTRUAL
& FRESEWATER SCIENCES
Natural Ezviroranent Reses cb Councdl
Polaris House. Norh S Avenue
Sweandon SN2 [E1
Ted OTE3 4200] Vaxe S11IIT Teiax: 444293

Natural
Environment

DIRECTORATE OF TERRESTRIAL & FRESHWATER SCIENCES .g Counet





