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Executive Summary
Introduction
On the instructions of the Quarry Battery Company, AECOM Ltd (AECOM) has carried out a Hydrogeological site walkover
investigation at the Glyn Rhonwy quarry works, Llanberis, North Wales. The report was commissioned to determine the potential
for a number of former slate quarries on site to act as reservoirs for a proposed pumped hydro-electric scheme.
Project Findings
Current Usage

The site is currently unoccupied and comprises a series of 7 quarries and associated slate spoil
heaps and abandoned mine workings.

Site Setting and Environs

The site is located at Glyn Rhonwy Quarry, Llanberis, North Wales, centred on National Grid
Reference 256500, 361000. The site is located on the south western slope of the valley
containing the town of Llanberis (located approximately 500m to the east).

Site Reconnaissance

The site is approximately 2km long and contains a series of 7 disused quarries between 75m
and 150m wide and orientated generally along a north east/south westaxis.

Site History

The site was initially open agricultural land. No significant change in land use was noted until
circa 1840 when open pit mining began at the site. In 1889 a railway link was constructed
connecting the quarries. Mining ceased at the quarries, circa 1928 for Chwarel Cefn Du and
Chwarel Fawr (upper quarries) and circa 1930 for Glyn Rhonwy Quarry. In 1941 the Ministry of
Defence took possession of part of the site. A lake is noted in the centre of the site circa 1963.
No further significant changes on site land use were noted to the latest mapping

Geology, Hydrogeology,
Hydrology

The Site is located in an area of largely Cambrian rocks of the Comley Series. The quarries
themselves are located within the Llanberis Slates Formation (largely composed of mudstone
and siltstone). The older Fachwen Formation (siltstone and limestone) and Padarn Tuff
Formation (felsic tuff) are located to the north west. The younger Bronllwyd Grit Formation
(sandstone) and Marchlyn Formation (mudstone, siltstone and sandstone) are located to the
south east.
The bedrock is extensively folded and faulted. Faulting is shown within the Site and within the
immediate vicinity of the Site, particularly to the north west, with faults generally trending north
east/south west. In the direct vicinity of the Site, BGS (1985) shows the strata to dip at 40
degrees to the south east.
Superficial deposits above the bedrock are largely absent in the vicinity of the Site. However,
head deposits are present to the north west, lying on top of the Padarn Tuff Formation
There is very limited published information regarding the hydrogeological characteristics of the
strata exposed in the development area. As discussed in Section 3, the geology of the area is
relatively complex with extensive faulting and folding of the strata.
It is likely that the slates of the Llanberis Slates Formation have a very low primary
(intergranular) permeability but a higher secondary permeability imparted by the presence of
fractures. The sandstone units in the Llanberis Slates are heavily indurated and quartzitic and
flow is likely to be limited to fractures. These may provide local zones of higher permeability and
areas of preferential groundwater movement. Generally, it is considered that groundwater flow
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is limited to the fractures and it is likely that the volume of groundwater flow is small.
It is likely that the underlying sandstone, siltstone and conglomerate of the underlying Fachwen
Formation also have a low primary permeability as the strata are heavily indurated and quartzitic
with a higher secondary fracture permeability. Groundwater flow within these units again is
likely to be dominated by fractures.
It is considered that groundwater flow within the development area will be concentrated within
fractures and fissures, and potentially blast fractures, in the shallow sub-surface. Regionally, it
is likely that groundwater flows in a north easterly direction towards Llyn Padarn.
Project Conclusions
Use of Site for Pumped
Storage

Further Investigations

The preliminary findings suggest that the there a number of hydrological and geological
considerations associated with the use of the site for a pumped hydro-electric scheme. The
primary considerations are:
•

The impact of the proposed scheme on the wider hydrogeological regime, with
emphasis on changes to the current springs and streams in the area, quarry drainage
and the potential for this to impact on ecological, human and physical receptors

•

Current drainage between quarries and into Llyn Padarn. Further understanding of the
existing system and how the proposal might affect this is required

•

Engineering constraints with regard to quarry access and quarry stability during the
construction and operation phases

•

It is likely that lining options will need to be considered for the upper reservoirs during
the design work. An appreciation for the current quarry shapes, with regard to the
viability of engineering a lining, and remodelling the quarries accordingly should be
included in this element.

Based on the available information and the findings of the site walkover, it is considered that
there is limited detailed information available on the hydrogeological and hydrological conditions
on and in the vicinity of the development site. In order to clarify the situation and facilitate a
more rigorous assessment of the site conditions, it is recommended that:1
2
3
4
5
6

The levels of the base of all quarries and of the lakes within the quarries are surveyed
to Ordnance Datum
The level of the high level drainage adit from Quarry 2 is surveyed relative to Ordnance
Datum
The level of the pond to the north of Quarry 4 (Photo 1) is surveyed relative to
Ordnance Datum
The level of the manhole and of the pipe in the manhole below Quarry 7 is surveyed
relative to Ordnance Datum
A detailed investigation is undertaken to clarify the drainage in each quarry and to
identify potential connections between adjacent quarries.
An assessment is carried out to monitor the variation in flow in the manhole below
Quarry 7.

In addition to the recommendations noted above, AECOM recommend the design element of

1
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the works is taken to an options appraisal and preferred design. The options appraisal should
include evaluation of the; cost, hydrological, environmental, geotechnical, planning and
technological limitations associated with the proposal, to allow the most feasible scheme to be
selected as the preferred design.

2

AECOM

/Glyn Rhonwy Quarry Works, Llanberis, North Wales

3

Capabili ies on project:
Environment

1

Introduction

1.1
Reason for the Report
On the instructions of the Quarry Battery Company, AECOM Ltd (AECOM) has carried out a Hydrogeological site walkover
investigation at the Glyn Rhonwy quarry works, Llanberis, North Wales. The report was commissioned to determine the potential
for a number of former slate quarries on site to act as reservoirs for a proposed pumped hydro-electric scheme.
The scope of works has been carried out in accordance with AECOM fee proposal dated December 2011.
This report presents a summary of readily available, published and unpublished information, which has been obtained and
collated on the geo-environmental characteristics of the site. It records and discusses the desk study information and provides a
qualitative assessment of specific site risks and constraints identified.
The report draws on information from, but not exclusive to previous reports, geological and hydrogeological maps, and a site
walkover survey to establish potential ground related risks.

1.2
Report Objectives
This report has been prepared to document the following:
-

-

Review of readily available published and unpublished data which provides information on the current site status, ground
conditions and site history;
Findings of the geological and hydrogeological walkovers undertaken on 31 January and 1 February 2012; and
An outline options appraisal of the water sources available to initially fill the quarries and of the technologies currently
available for sealing and maintaining the integrity of the quarries as reservoirs.

1.3
Proposed Development
It is understood that there is a proposal for a pumped hydro-electric scheme.

1.4
Sources of Information
This report has been prepared using information from the following sources:
-

British Geological Survey mapping;
Environment Agency website;
Site walkover, 30 January and 1 February 2012;
esi, Pumped storage hydroelectric scheme: Hydrogeological Desk Study, dated June 2011;
ERYI Consultancy, Preliminary Pollution Risk Assessment Report, dated 17 September 2011;
BGS, Borehole Data Pack (SH56SE17, 18, 19, 20 and 22), dated April 2011
Appendix D of unnamed report - Envirocheck Data (ref: 26778349_1_1, 17/11/08).
Appendix C and D of unnamed report – “Letters confirming Ffridd y Glin contamination source and subsequent clean-up”.

1.5
Limitations of the Report
This is a desk study and site reconnaissance report, which has been prepared using readily available information in accordance
with the project stage requirements, budget and time scales. The opinions expressed in this report and the comments and
recommendations given are based on the information obtained from a desk top assessment and an initial site reconnaissance.
At this stage intrusive investigations have yet to be undertaken at site to establish actual ground and groundwater conditions and
provide data for assessment of the geo-environmental status of the site.
The information, views and conclusions drawn concerning the site are based, in part, on information supplied to AECOM by other
parties. AECOM has proceeded in good faith on the assumption that this information is accurate. AECOM accepts no liability for
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any inaccurate conclusions, assumptions or actions taken resulting from any inaccurate information supplied to AECOM from
others.
The geo-environmental walkover survey consisted of a general external inspection of the site aimed at identifying the general
geological and hydrogeological characteristics of the site and its immediate surroundings. Only Quarry 6 was accessible and all
other areas were viewed at a distance.
Any risks identified in this desk study are perceived risks, based on the information reviewed; actual risks can only be assessed
following a physical investigation on site.
The copyright in this document (including its electronic form) shall remain vested in AECOM Limited (AECOM) but the Client shall
have a licence to copy and use the document for the purpose for which it was provided. AECOM shall not be liable for the use by
any person of the document for any purpose other than that for which the same was provided by AECOM. This document shall
not be reproduced in whole or in part or relied upon by third parties for any use whatsoever without the express written authority
of AECOM.

Site Location and Description
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2

Site Location and Description

2.1
Location
The site is located at Glyn Rhonwy Quarry, Llanberis, North Wales. The site is centred on National Grid Reference 256500,
361000. A site location plan is provided as Figure 1.

2.2
Description and Geographic Setting
The site is located on the south western slope of the valley containing the town of Llanberis (located approximately 500m to the
east). The site is approximately 2km long and contains a series of 7 disused quarries between 75m and 150m wide and
orientated generally along a north east/south west axis. All of the quarries and the associated slate spoil heaps have restricted
access to the public. However the fences are locally in a poor state of repair, there are a number of public footpaths in the area,
and the site is within open access land.
The site boundaries are as follows:
North/North east
East
South east/south
South west/West

Isolated rural properties, agricultural land, Llyn Padarn (lake), Padarn Country Park
and the A4086
Llanberis, primarily residential properties, vacant business plots and a Siemens facility
Uninhabited agricultural land, and other historic mine and quarry workings, abutting
Snowdonia National Park
Forestry Commission conifer plantation with unmetalled road access. Agricultural land
and rural residential properties

2.3
Site Walkover Survey
The site was visited on 31 January to 1 February 2012 by two representatives of AECOM. A Hydrogeological site walkover
assessment was undertaken to visually assess the current groundwater and hydrological regimes, including; the current standing
water within the quarries, local spring line levels, flows into and out of the quarries and other comparable water bodies within the
area.
At the same time a geological site walkover assessment was undertaken. A visual assessment of the quarry excavations and
surrounding geology was made detailing existing rock exposures, faults, persistent fractures, changes in geology, rock and spoil
stability and indications of groundwater and surface water seepages.
A site layout plan is provided in Figure 2.
2.3.1
General
At the time of the walkover the site was unoccupied and comprised a series of 7 abandoned quarries surrounded by spoil heaps.
The Site is located on the south western slope of a valley which contains Llyn Padarn (lake) and Llyn Peris (reservoir) with the
western limit of the site located in the adjacent valley to the west, approximately 500m south east of Cefn Du (442m AOD). The
town of Llanberis is located 500 m to the south east of the Site, lying on the southern bank of Llyn Padarn. The village originally
grew around the slate quarrying industry. Snowdon (the highest mountain in Wales) is located approximately 7 km to the south
east and rises to an altitude of 1,085 m AOD.
To the west of the Site, the ground elevation is at approximately 400 mAOD with the land falling to approximately 150 mAOD in
the east of the Site. The average topographic gradient from the top of the Site to the base of the Site is 1 in 7.5.
A large number of surface water features are present in the area.
Dinorwig hydroelectric power station, a 1,800 MW pumped storage hydroelectric scheme, is located on the opposite side of the
valley.
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Site buildings comprise historic mining buildings around the periphery of the quarries. All buildings are stone built single storey
and partially collapsed. The buildings were not in use at the time of the site visit, and none of the buildings were observed to have
roofs.
2.3.2
Services and Buried Structures
No information has been provided regarding services or buried structures. However there is evidence for a number of tunnels
and adits through the quarry system historically used for access/egress and drainage.
2.3.3
Access
The site is located within open access land, immediately adjacent to Snowdonia National Park. All of the quarries are closed to
the public, and foot access into all but Quarry 6 is difficult. However there are a number of public footpaths in the area and many
of the fences are in a poor state of repair.
2.4
Information from Statutory Authorities
The following information has been obtained from the Landmark Envirocheck report. The report collates data from a variety of
sources including the Environment Agency (EA) and the British Geological Survey (BGS). All data suppliers are referenced in
the report.
Table 2.1: Summary of Regulatory Information
Subject

Number present
On site
0-250m

250-500m

0

7

1

Local Authority Pollution Prevention and Control
Waste
Historic Landfill Sites

0

0

0

2

4

2

Local Authority Recorded Landfill Sites

0

1

0

Agency and Hydrological
Discharge Consents

Hazardous Substances
None

Details
Associated with Dinorwig power station. The
receiving water is Llyn Peris
N/A
One historic landfill site is recorded on site
which was licensed to the Ministry of Defence
for inert and industrial waste, input dates were
between 1940-1974
There is a second historic landfill located 200m
south, no further details given
One landfill site located 260m south, waste
detailed as industrial, closed in 1976.(likely to be
the same site as above)

2.5
Historical Mapping
The site was initially open agricultural land. No significant change in land use was noted until circa 1840 when open pit mining
began at the site. In 1889 a railway link was constructed connecting the quarries. Mining ceased at the quarries, circa 1928 for
Chwarel Cefn Du and Chwarel Fawr (upper quarries) and circa 1930 for Glyn Rhonwy Quarry. In 1941 the Ministry of Defence
took possession of part of the site. A lake is noted in the centre of the site circa 1963. No further significant changes on site land
use were noted to the latest mapping.
2.6

Other Sources – Previous Reports

2.6.1
ESI, Pumped storage hydroelectric scheme: Hydrogeological Desk Study, dated June 2011
The report details a concise hydrogeological desk study that was undertaken to provide expert hydro(geo)logical advice and
support in developing an adequate baseline understanding of the site and surrounding area to support an EIA as well as to
identify any potential water management issues.
The key points of interest to this assessment are summarised below:
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•

The report summarises the geology and hydrogeology of the site which has been included in Section 3 of this AECOM
report;

2.6.2
ERYI Consultancy, Preliminary Pollution Risk Assessment Report, dated 17 September 2011
The report details the interaction of the proposed development and existing potential sources of contamination. There are two
main sources of contamination; the Ffridd Y Glyn municipal landfill site and the bomb disposal activities of the MoD.The key
points of interest to this assessment are summarised below;
The Ffridd Y Glyn landfill is not perceived to pose a risk because:
•

it is unlikely to contain contaminants;

•

because of its age, it is unlikely to evolve gases such as methane or CO2 which could act as a vector for contamination;

•

It is downhill/ in a separate catchment area from the proposed works, so rainfall cannot transport contaminants to the
proposed site.

The bomb disposal areas are unlikely to pose a risk because:
•

contaminants were likely removed during the bomb clean-up operation in 1969-1976;

•

residual contaminants have been subjected to weathering and rainfall since 1976;

•

There is evidence that contamination is negligible or non-existent because phosphorous, nitrate and nitrite levels are
very low.

The report also identifies a ground investigation carried on the Glyn Rhonwy development site by Strata Surveys Ltd. in April
2009 consisting of 20 machine excavated trial pits with associated sampling and chemical testing and by Gwynedd Consultancy
consisting of 84 Dynamic Probe Tests (DPT). This report has not been made available for review.

Geology

/Glyn Rhonwy Quarry Works, Llanberis, North Wales

10

Capabili ies on project:
Environment

3

Geology

3.1

Regional Geology

3.1.1
Regional Geological Information from Published Information and Maps
The Site is located in an area of largely Cambrian rocks of the Comley Series. The quarries themselves are located within the
Llanberis Slates Formation (largely composed of mudstone and siltstone). The older Fachwen Formation (siltstone and
limestone) and Padarn Tuff Formation (felsic tuff) are located to the north west. The younger Bronllwyd Grit Formation
(sandstone) and Marchlyn Formation (mudstone, siltstone and sandstone) are located to the south east.
The bedrock is extensively folded and faulted. Faulting is shown within the Site and within the immediate vicinity of the Site,
particularly to the north west, with faults generally trending north east/south west. In the direct vicinity of the Site, BGS (1985)
shows the strata to dip at 40 degrees to the south east.
Superficial deposits above the bedrock are largely absent in the vicinity of the Site. However, head deposits are present to the
north west, lying on top of the Padarn Tuff Formation. They tend to be poorly sorted and poorly stratified deposits formed mostly
by solifluction and/or hillwash and soil creep. They essentially comprise sand and gravel, with lenses of silt, clay or peat and
organic material (BGS, 2011).
3.1.2
Local Geological Information from Borehole Logs
Some local geological information is available from 5 borehole/trial pit logs in the Glyn Rhonwy slate quarries obtained from the
BGS. The logs show the presence of slate below slate waste. Some sandstone/quartzite is also present in borehole SH56SE18.
3.1.3
Peat
While peat was not considered as part of the walkover assessment, Peat is considered to one of the three protected habitats in
the UK Biodiversity Action Plan. Peat also raises the possibility of stability issues during the proposed investigation and
construction phase of any proposed development. Further investigation into the sensitivity of the site from an ecological and
habitat perspective, and a peat stability assessment should be incorporated into future investigation/assessment and design
works.
3.2
Quarrying and Landfilling
An attempt has been made to identify any quarrying and landfilling operations, past and present that have taken place in the
vicinity (1000m) of the site. The sources of information referenced in this element of the desk study include:
•

EnviroCheck datasheets supplied by Landmark

Two historical and one Local Authority Recorded Landfill Site listings relate to the site. The first historical landfill was located on
site licensed to the Ministry of Defence and Bernard Wardle. The site was active between 1940 to 1974 and accepted “inert and
industrial” wastes. Information contained within the EYRI report suggests that this area was used as part of Operation
Sandcastle, where post war chemical weapons were stored temporarily. The second historical site was located 200m south and
accepted “inert and industrial” waste, no further details are given. The Local Authority listing indicates the location of the landfill
as approximately 260m south which closed in 1976 and lists the waste types as “Industrial”. No operational landfills are recorded
within 1000m of the site.
Evidence of historical quarrying activity is noted in the surrounding area on the historical mapping. Details of the records of the
quarries are summarised below:
Glyn Rhonwy
Glyn Rhonwy slate quarry has existed in a basic form since the 18th century. Lewis (1849) described Glyn Rhonwy as one the
largest quarries in the vicinity. In 1849 the slate was transported via boats on the lakes and then onto horse and cart to
Caernarfon. However on the 1889 OS map transportation has moved to a railway system. The line is seen to operate from the
quarry, connecting it to the Llanberis- Caernarfon line.
Glyn Rhonwy continued as an active slate quarry up until about 1920 when it is still recorded as an active quarry on the OS map
until its closure in 1930. Tunnels were carved through the slate to connect the quarry for ease of access and these are shown on
the earliest available maps. In 1941 the Ministry of Defense began to use some of the site to store munitions. The tunnels and
storage rooms still remain today.
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Chwarel Fawr Slate Quarry
Chwarel Fawr (Big) Slate Quarry, in spite of its name up until the late 1860’s was very small. Initially material was carted to
Caernarfon, via Waunfawr, but it was later connected by a tramway to the Ffridd incline. After the quarries amalgamation with
Cefn-du in 1883, the tramway was abandoned and the material was taken by tunnel to this latter quarry for reduction (Richards
1999).
The remains of the site consist of a large pit with very extensive rubbish runs and the tramway; the tunnel has collapsed. There
are no buildings, those in the pit area disappeared when the workings were deepened following the amalgamation with Cefn-du.
There are also vestiges of a short incline, possibly associated with early workings.
Chwarel Cefn Du Slate Quarry
Chwarel Cefn Du (Black Back), slate quarry originated in 1802 when some small earlier diggings such as Cerrig y Pigia, Chwarel
Huw Dafydd, Chwarel Morgan, Chwarel Owen, Chwarel y Maen etc, were amalgamated into the Cilgwyn & Cefn-du Co. The site
consisted of several pits and a locomotive tramway system. By 1879 there were said to be 4 steam engines, 2 water wheels and
a water turbine on the site. Chwarel Cefn Du closed in 1928. The remains consist of pits and tunnels which largely have
collapsed. There are several ruined buildings in the mills area including the remnants of a large mill, partly built of an unusual
green country rock. The tramway formation to the Ffridd incline is still visible, near which are two barracks.
3.3
Observations of Geological Walkover
For ease of reference the quarries have been numbered 1 to 7, with No.1 the uppermost quarry and No.7 the former bomb store
adjacent to Llyn Padarn. A comprehensive photo log of the geological features observed on site is included as Figures 3 to 29 to
this report. The photo log should be viewed in conjunction with the following comments.
Note that due to limited access to all but Quarry 6, observations have been taken from the quarry edges, frequently at some
distance, and for this reason are generalised.
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3.3.1

General Site Observations (Figures 3 and 4)

During the site walkover a record of the observations was kept on an annotated plan of the site. A copy of this plan is enclosed
as Figure 3. The area was observed to be primarily comprised of slate; however Quarries 1 and 2 contained a fault which has
displaced sandstone into the north west of each quarry. The area also contains a number of Dolerite dykes trending
northwest/southeast, the most notable of which is in Quarry 5. During the site walkover the ground was predominantly frozen and
higher up the site there was light covering of snow. Visibility was good.
3.3.2

Quarry 1 (Chwarel Fawr) – (Figures 5 to 8)

Quarry 1 is situated at the highest point of the site approximately 410m AOD in a separate catchment to the other quarries on the
site. At its longest dimensions it is approximately 290m (NE/SW) by 190m (NW/SE). The depth of the quarry from its highest
point to lowest point is approximately 60m.
The quarry is bisected almost exactly in half by a persistent fault dipping at approximately 60-70/135 (where the first figure is the
vertical angle of dip and the second figure is the horizontal direction in which dip trends). The fault reveals sandstone in the north
west and slate in the south east. The sandstone is highly fractured with visible bedding (c.45/305) and micro-faulting, during the
operation of the quarry it is evident that the sandstone had been benched to allow the quarry to be deepened providing access to
the slate in the south east. The average angle of the bedding was approximately 45 degrees, and the benches were partially
filled with broken sandstone blocks. During the benching it is likely that the sandstone was bulk blasted, resulting in the highly
fractured and poor quality rock visible in the face of the quarry. This cannot be verified as no other outcrops of sandstone could
be located (where blasting would not have occurred). The slate was generally competent with localised toppling and plane
failures along predominant cleavage (c.70/300) and subordinate jointing.
It was noted that an access tunnel exists in the south western corner of the quarry approximately 10/15m below the quarry lip.
Historically this may have been used for access. The condition of the tunnel could not be verified.
3.3.3

Quarry 2 – (Figures 9 to 12)

Quarry 2 is the highest quarry on the site within the Llyn Padarn catchment, its highest point at approximately 400m AOD. The
quarry is approximately 360m (NE/SW) by 130m (NW/SE). The depth of the quarry from its highest point to lowest point is
approximately 55m.
Quarry 2 is bisected in its NE corner by what appears to be an extension of the same fault in Quarry 1. As with Quarry 1 the fault
reveals sandstone to the north west and Slate to the south east. Again, the sandstone is poor quality, highly fractured (damaged)
with indication of bedding, and several joint sets at 90 degrees giving a blocky appearance. The sandstone may be faulted out
again by a dyke approximately half way through the quarry trending north north west/south south east. In general the slate is
competent; however there are areas which demonstrate considerable jointing causing the slate to take on a blocky appearance
which is prone to instability. Typically the slate is liable to plane and toppling failures along it’s predominant cleavage.
3.3.4

Quarries 3 and 4

Quarries 3 and 4 are not proposed as part of the hydroelectric scheme; however there are some noteworthy observations.
Quarry 3 is a smaller working comprised entirely of slate containing what appears to be a large man-made wall. This could have
been either a causeway or a dam for powering waterwheels etc during the operational phase of the site. The dam/causeway is
stable and provides access from one side of the quarry to the other.
Quarry 4 is a large, deep, steep sided quarry appearing to be composed entirely of slate. The rock quality is generally good and
there is significant evidence of seepage and running water into the quarry. Quarry 4 is also linked by at least one tunnel
(condition unknown) to Quarry 5.
3.3.5

Quarry 5 (Glyn Rhonwy - upper) – (Figures 13 to 16)

Quarry 5 is the upper quarry of the Glyn Rhonwy workings. At its highest point it is approximately 200mAOD, is 116m long
(NE/SW) by 96m wide (NW/SE) and approximately 30m deep from its highest to lowest points. The quarry is linked to Quarry 6
by a collapsed railway tunnel, evidence for which still exists in the form of an abandoned railway bridge in the base of the quarry.
The tunnel passes through a rock causeway which carries a small B-road connecting a number of dwellings with Llanberis. The
upper south western corner of the quarry is linked to Quarry 4 by another small tunnel.
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The most obvious feature of Quarry 5 is the dolerite dyke which bisects the quarry (c.70-70/330). This feature has been quarried
around, but generally left in-situ during the operation of the quarry. Also left in situ are two large slate pillars within the base of the
quarry, presumably due to poor quality. The dyke is evidently unstable and liable to toppling failure. This can be seen in the large
shattered blocks that have fallen from it over time. The slate in the quarry appears to be less competent in the north east and
prone to toppling and plane failure. A number of large plane failures can be seen clearly.
3.3.6

Quarry 6 (Glyn Rhonwy - lower) – (Figures 17 to 22)

At its highest point Quarry 6 is approximately 180mAOD, is 280m long (NE/SW) by 130m wide (NW/SE) and approximately 55m
deep from its highest to lowest point. With the exception of Quarry 7 (which has locked vehicular access) Quarry 6 is the only
quarry accessible safely on foot. Access is via a sloping ramp of slate spoil built against the north eastern wall of the quarry.
Access would be suitable for a light off-road vehicle (though it is currently overgrown). The quarry is bisected by a slate buttress
approximately 80m south west of the entrance trendingnoth west/south east. The buttress cuts across approximately 70% of the
width of the quarry.
Immediately underneath the north eastern wall of the quarry is a drainage adit containing running water, this appears to be in
connectivity with a drainage adit through the buttress, which in turn is at approximately the same level as the lake within the
quarry. The lake is thought to up to 30m deep.
The geology of the quarry is predominantly slate, however geological records suggest a fault running parallel to the south eastern
face of the quarry, and this area displays numerous small-scale faults. The south eastern and north eastern faces are
immediately adjacent to unoccupied development platforms. The south western face is separated from Quarry 5 by a rock
causeway carrying a B-road. There is an historic rail link through this buttress (evidence is found in Quarry 5), however this is
believed to have collapsed.
In the northern corner of the quarry is a large pile of slate spoil which appears to be unstable and shows evidence of numerous
circular failures. The dip and dip direction of the slate cleavage on the north western face lends itself to plane failure, with a
number of large failures evident immediately above the buttress bisecting the quarry. Further towards the south west toppling
failure is more prevalent. The south eastern face of the quarry appears to hold a low potential for large scale failure, however
evidence of small blocks breaking loose are evident in all areas of the quarry
3.3.7

Stockpiles/Slate Spoil Heaps – (Figures 23 to 25)

The site contains numerous stockpiles/slate spoil heaps. The largest of which are located on the northwest side of the quarry
between the northeast side of Q2 and the north side of Q4. The stockpiles are generally the result of historic tipping and the
faces are locally unstable and subject to small circular failures and slumping.
The current proposal aims to use the stockpiles for infill and construction purposes, and to act as a visual barrier for the water
pipework. In general it is likely that the stockpiled material would be suitable, though crushing and compaction may be required
where significant loads are expected, and locally excavations and remodelling of the heaps may be required.
The area to the North of Q3 and Q4 is the proposed route for the pipeline. There are numerous route options available, and the
presence of adits, covered drainage runs and cuttings in this location could aid in defining a suitable route.
3.3.8

Consideration of Quarry Lining Options

General quarry conditions:
The quarries are principally formed in slate. Many sections of quarry face are very steep (sub-vertical), have highly irregular
alignment, and may show signs of instability. Some sections have flatter slopes, approaching 1:1, most extensively in quarries 6
and 7 where they are formed in sandstone.
The quarries are unlikely to be watertight in their natural condition, and it is expected that some form of lining would be required if
they were to be used for water storage.
Principal lining techniques:
The table below presents a long list of possible techniques without particular consideration of which might be most applicable in
practice. Comments on some practical considerations are given separately.

/Glyn Rhonwy Quarry Works, Llanberis, North Wales

14

Capabili ies on project:
Environment

Note that all techniques would require provision of efficient back-drainage systems to control groundwater levels behind any
sealing system, to prevent uplift damage when the pond level is being drawn down and / or is near its lowest operation limit.
The tops of steep slopes have extensive loose deposits, and any lining would require clearing back of these and the formation of
a rock trap berm or similar system to prevent displaced rocks from endangering construction and operation activities.

Technique

Seal material

Applicable to

Comments

Seal on surface of quarry faces

1.1 Reinforced shotcrete / conventional
concrete

Exposed rock faces, principally sub-vertical
sides of pond

Requires faces to be formed to regular
planes, with rock bolts for stabilisation of
discontinuities and fixing of reinforcing

1.2 Exposed geosynthetic membrane
(directly on quarry face)

Exposed sub-vertical rock faces to sides of
ponds (not recommended for accessible
areas on flatter slopes and invert)

Generally as above, with anchor beams at
intervals and local surface treatment of rock
using shotcrete

1.3 Buried geosynthetic membrane (on
quarry face, covered by fill)

Flatter slopes and invert of pond; steep sides
also possible but amount of cover fill
required could affect storage significantly

All underlying surfaces require to be formed
to regular planes and overlying fill to be
formed to stable slopes; careful design of
membrane required to resist stresses from
fill

2.1 Low-permeability soil

Flatter slopes and invert of pond; steep sides
also possible but could affect storage greatly
as 1.3 above

Low strength requires slopes to be formed to
flat gradient; filters required against open
fissures etc. Rock erosion protection layer
for soil also required.

2.2 Geosynthetic membrane on surface of
rockfill

As above

Allows use of local rock material and steeper
slopes than 2.1 above. Protection layer for
membrane also required.

Seal by / on formed pond surface

Practicalities:
The target operating ranges of the ponds are important, because of the considerable depth of the quarries in their existing form: If
the lower levels of the quarries can be infilled to form regular inverts, there would be fewer problems in forming the invert to
reasonably regular planes suitable for applying the membrane and the amount of sealing of the sides would be reduced.
Note that the slate waste would be a poor quality material for use as fill under a membrane because its thin plates would prevent
good compaction, and large settlements may occur in the long term.
Consideration of the optimum operating range and storage capacities available in the ponds is beyond the scope of this note, but
head variations of greater than about 5 – 10% of the total head may have significant effects on the efficiencies of the plant and
hence the overall efficiency of he scheme. This may, however, be more than offset by the increased scheme size possible from
more fully utilising the storage capacity available in the lower parts of the quarries.
It is possible that the optimum sealing solution in terms of cost and impact on effective storage capacity could be a combination
of concrete on steep faces and geomembrane on flatter slopes.

Hydrogeology and Water
Resources
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4

Hydrogeology and Water
Resources

This section provides an interpretation of the hydrogeological conditions at the quarries; an appraisal of the surface water
drainage in the area; a review of options for the provision of a water supply for the scheme; and, a preliminary assessment of the
potential impacts of the proposed development on water resources and of the constraints posed by the ground conditions on the
development.
4.1

Sources of Information

The hydrogeological assessment of the area is based on the following sources of information:•
•
•
•
•
4.2

British Geological Survey (BGS) 1:50,000 scale map 106, Bangor;
BGS 1:10,000 scale map SH 56 SE;
ESI report reference 60524TN1, entitled ‘Pumped storage hydroelectric scheme: Hydrogeological desk study’ dated
June 2011;
Eryri Consultancy report, entitled ‘Glyn Rhonwy pumped storage hydroelectricity facility: Preliminary pollution risk
assessment’ dated September 2011; and,
Observations made during a site visit in January/February 2012.
Regional hydrogeology

There is very limited published information regarding the hydrogeological characteristics of the strata exposed in the development
area. As discussed in Section 3, the geology of the area is relatively complex with extensive faulting and folding of the strata.
It is likely that the slates of the Llanberis Slates Formation have a very low primary (intergranular) permeability but a higher
secondary permeability imparted by the presence of fractures. The sandstone units in the Llanberis Slates are heavily indurated
and quartzitic and flow is likely to be limited to fractures. These may provide local zones of higher permeability and areas of
preferential groundwater movement. Generally, it is considered that groundwater flow is limited to the fractures and it is likely that
the volume of groundwater flow is small.
It is likely that the underlying sandstone, siltstone and conglomerate of the underlying Fachwen Formation also have a low
primary permeability as the strata are heavily indurated and quartzitic with a higher secondary fracture permeability. Groundwater
flow within these units again is likely to be dominated by fractures.
It is considered that groundwater flow within the development area will be concentrated within fractures and fissures, and
potentially blast fractures, in the shallow sub-surface. Regionally, it is likely that groundwater flows in a north easterly direction
towards Llyn Padarn.
It is likely that the principal control on groundwater movement within the development area is the reject slate material in the
extensive spoil heaps, which includes large boulder sized material. The spoil heaps rest on the low permeability Llanberis Slates
Formation, which prevents vertical migration of water and maintains a perched water system in the overlying slate spoil. It is likely
that there is the potential for significant groundwater flow through the voids present within the spoil heaps, which provide a high
permeability pathway for rapid movement of water. However, it is likely that the groundwater storage within the spoil is negligible
and that the rate of water movement is linked directly to rainfall with a very ‘flashy’ response and limited flow during periods of dry
weather.
The Llanberis Slates and the Fachwen Formations are designated as Secondary B aquifers in the Environment Agency
‘Groundwater Protection: Policy and Practice’. Secondary B aquifers typically are low permeability strata with limited ability to
store and transmit groundwater, with groundwater flow often associated with fracture and thin permeable horizons. Such aquifers
are of negligible importance for groundwater resources.
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The development area does not lie within a Source Protection zone for a sensitive groundwater abstraction. No licensed water
abstractions are recorded within 1km of the site.

4.3

Drainage

The quarries are located on the south western side of Llyn Padarn and surface water and associated groundwater will flow in a
generally north easterly direction towards the lake. A number of surface water catchments have been identified across the
development area and the approximate surface water divides are shown on Figure 4. The lower quarries (Quarries 3-7) are
located within the catchment of the Glyn Rhonwy, which drains to Llyn Padarn, immediately to the west of Llanberis village.
The two upper quarries are in different surface water catchments than the remaining quarries. Surface water runoff from Quarry 2
drains to Llyn Padarn but via a surface water system to the north west of the Glyn Rhonwy catchment. Runoff from the
uppermost Quarry 1 does not drain towards Llyn Padarn but flows in a westerly direction through a small watercourse, Nant y
Betws, which forms a tributary of the Afon Gwyfral. The Afon Gwyfral flows in a westerly direction and discharges to the sea in
the Menai Straits.
Figure 4 shows the approximate locations of the surface water catchments across the development area. Owing to the
widespread extent of the spoil heaps and the unknown geometry of the junction with the underlying bedrock, it is possible that the
groundwater catchments vary from the apparent surface water catchments.
Quarries 1, 3 and 6 contain water with the largest amount of water in Quarry 6. It is unclear whether there is an old abandoned
drainage system within the quarries which continues to convey water towards Llyn Padarn and hence prevent the accumulation of
water in some of the quarries. Drainage adits have been identified in some of the quarries but often at elevated levels above the
quarry floor. There is considerable uncertainty as to how the quarries were drained during the periods of operation.
There are three surface water abstractions within 1000m of the site. Details are given in the table below.
Table 4.1

4.4

Licensed surface water abstractions
Location

Licence No.

Llyn Peris
reservoir

23/65/16/0053

Afon Hwch at
waterfall

23/65/16/0067

Afon Hwch,
Llanberis

23/65/16/0062

Description
First Hydro Company
(Dinorwig Power
Station) - Hydroelectric
Power Generation
Dulas Hydro Generation
Ltd. - Hydroelectric
Power Generation
The National Museum
Of Wales - Water
Wheels Not Used For
Power

Source type

Licensed maximum
annual quantity (m3)

Licensed
maximum daily
quantity (m3)

Surface water

3,409,500,000

13,638,000

Surface water

20,498,400

56,160

Surface water

133,325.08

666.625

Local hydrogeology

This section describes the hydrogeological conditions and the surface water drainage in each of the quarries within the
development area.
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4.4.1

Quarry 1 (Chwarel Fawr)

This is the highest quarry of the scheme. There is evidence of faulting in the quarry with the Llanberis Slates exposed in the south
eastern half of the quarry and a heavily fractured sequence of sandstone (quartzite) in the north west. The quartzite has been
interpreted as part of the Fachwen Formation, but may represent a sandstone band within the Llanberis Slates Formation. The
apparent dip of the quartzite is to the north west. An area of water is present in the south western part of the base of the quarry
(Photo 4). At the time of the site visit, there was no evidence of water ingress to the quarry or of flow from the quarry.
It is likely that the fractured quartzitic sandstone exposed on the north western side of the quarry provides a pathway for water to
leak from the quarry. Any water migrating from the quarry will drain in a south westerly direction into the Afon Gwyfral catchment.

4.4.2

Quarry 2

Quarry 2 is located to the north east of Quarry 1. The quarry is excavated largely in the slates of the Llanberis Formation,
although there is evidence of more fractured strata on the north western side of the quarry. It is likely that this reflects an
extension of the discontinuity identified in Quarry 1 and that the strata in the north west of the quarry is quartzite of the Fachwen
Formation or a sandstone unit of the Llanberis Slates Formation. There also is evidence of either a fault or a dyke cutting across
the centre of the quarry in a north westerly – south easterly orientation. There is no evidence of water in the base of this quarry,
although there is extensive spoil on the quarry floor which may obscure any standing water. There was no evidence of water
inflows to this quarry.
To the north east of the quarry, a small tunnel is present, which appears to have been excavated into sandstone. The quarry
provides a drainage adit and contained flowing water at the time of the site visit in January 2012. The water flows in a north north
easterly direction to an area of seepage and springs above an area of slate spoil (Photo 3). The exit of the adit is at a noticeably
higher level than the base of Quarry 2.
Water emerging from the area of springs and seepages passes into an extensive area of colliery spoil from where there is
evidence of water flowing both to the north and north east. It is likely that sub-surface flow within the spoil heap to the north
emerges at the base of the slate spoil to form the headwaters of a small un-named stream (Photo 2). Flow to the north east
emerges below the slate spoil heap in another series of seepages which drain to a small pond (Photo 1) and thence to a small
north easterly flowing watercourse (Figure #).

4.4.3

Quarries 3 and 4 (Cook and Ddol Slate Quarries)

It is understood that the Cook and Ddol Quarries will not form an integral part of the proposed scheme, although the pipes
conveying the water to the plant will pass close to the northern edge of both quarries. Both quarries are within the slates of the
Llanberis Slates Formation and there is no evidence in either quarry of the quartzite exposed in Quarries 1 and 2.
A small area of water is present in the base of Quarry 3 whereas Quarry 4 is dry. It appears that the base of Quarry 4 is higher
than that of Quarry 3 but the level variation needs to be confirmed. Although there was no evidence of standing water in Quarry
4, there were several flows of water entering the quarry on the south eastern side. These appear to be related to surface water
drainage from the higher land to the south east and not to groundwater inflows. There is no evidence of drainage from Quarry 4
to the north east. Between Quarry 4 and Quarry 5 within the quarry spoil which forms the ground surface on the northern side of
both quarries, shallow culverts have been identified within the spoil. The purpose of these culverts is unclear but it is unlikely that
these are connected to drainage of the quarry voids as they are located on the edge of the voids several tens of metres above the
quarry floor.
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4.4.4

Quarry 5 (Glyn Rhonwy Slate Quarry)

Quarry 5 is the proposed location of the turbine house. The quarry is excavated within the Llanberis Slates Formation and there
is evidence of sandstones within the slates. There also is a dolerite dyke cutting across the quarry in a roughly west to east
direction.
There is no evidence of water in the base of the quarry or of water ingress to the quarry. However, there are a number of tunnels
in the north eastern quarry wall which may provide drainage from the quarry towards Quarry 6. It will be necessary to investigate
further the drainage from this quarry, particularly as it is proposed to increase considerably the water level in Quarry 6, which
could ‘back up’ into Quarry 5.

4.4.5

Quarry 6

Quarry 6 is the location for the proposed downstream reservoir. The quarry partially is water-filled but at the time of the site visit
there were no obvious points of water entry to the quarry.
The quarry is excavated within the Llanberis Slates Formation and there is evidence of sandstones within the slates on the higher
levels of the quarry walls.
The water level in the quarry is controlled by an overflow at the north eastern end of the lake from where water passes into a
small tunnel excavated into a pinnacle of shale, which runs approximately 70% of the way across the quarry from the south
eastern edge. The overflow water seeps into the floor of the tunnel and disappears. The tunnel has been excavated into a
section of poor quality slate with numerous fractures and evidence of ‘shattering’. At the foot of the north eastern face of the
quarry, there is an adit which acts as a drainage pathway for water to flow from the quarry. At the time of the site visit, there was
evidence of water draining into the adit. It is possible that the adit drains into Quarry 7 as part of an historic drainage system,
however this cannot be verified as Quarry 7 was not accessible at the time of this investigation.

4.4.6

Quarry 7

This is the former ordnance and bomb store site. This quarry was not visited as part of the site walkover and therefore it is not
possible to comment on the geology or drainage from this quarry. It is understood that currently there are no plans to utilise this
quarry as part of the scheme. However, it may be necessary to access the quarry to install drainage to discharge excess water
from Quarry 6.
There is a manhole to the north east of Quarry 7 adjacent to the car park between Llyn Padarn and the A4086 road. The manhole
contains a 16” diameter pipe which appears to be directed towards Quarry 7. There is evidence in the ESI report of 2011, that
this is related to a spring and that the pipe flows even in dry conditions and often overflows but also contradictory evidence that
the pipe has been dry. At the time of the site visit in January 2012, there was no flow from the pipe. However, there was flow in
the chamber below the pipe, which was entering the chamber from the south east. The source of this water currently is unknown.
It is assumed that water passing through the manhole flows towards Llyn Padarn but the discharge point has not been located.

4.5

Water supply

The proposed development will require up to approximately 1.4Mm3 of water for operation (ESI 2011). Once the quarries have
been filled, it is likely that only small volumes of ‘top up’ water will be required. Currently the only significant source of water is the
lake in Quarry 6. Much smaller quantities of water are held in Quarries 1 and 3.
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The principal sources of water available to meet the initial, water requirements are:-

4.6

•

Groundwater

•

Quarry drainage

•

Surface water streams

•

Llyn Padarn and/or Llyn Peris

Groundwater

The slates and sandstones (quartzite) of the Llanberis Slates Formation have a low permeability and hence it is considered
unlikely that a significant volume of water can be obtained from boreholes drilled on the site in these strata.
Groundwater or sub-surface flow is present within the extensive slate spoil heaps. Outflows from these spoil heaps supports
surface watercourses to the north and north east of the quarries. It is likely that the volume of groundwater held within the slate
spoil is low and varies significantly in response to rainfall. During periods of dry weather, there is a possibility that flow volumes
will be negligible.
In summary, it is concluded unlikely that a groundwater source in the area will provide an adequate or reliable water supply for
initial filling of the upper quarries.

4.7

Quarry drainage

The quarries are located in an area of high rainfall. As the slate has a low permeability which restricts water flow, it is surprising
that the quarries do not hold larger quantities of water given that there is no obvious drainage within the quarries.
The absence of water in many of the quarries suggests that there may be an abandoned drainage system which was used to
maintain dry quarries during working and that these continue to provide adequate drainage of the quarries preventing water
accumulating in the voids. It is recommended that a detailed survey of the quarries is carried out to determine whether such
drainage pathways are present.
Water is present in the culvert downstream of Quarry 7, although at the time of the site walkover, the apparent discharge from
Quarry 7 was dry. It is understood that during wet weather conditions, the pipe runs at full bore (ESI 2011) and that the area
floods. This is consistent with the ‘flashy’ nature of both groundwater and surface water drainage of the area. If the outflow from
the pipe does represent the outflow from the quarry drainage system, it may provide a source of water to fill the quarries. Further
investigations will be necessary to assess the likely yield of this source. It also will be necessary to identify the source of water
which enters the culvert from the south east.

4.8

Surface water streams

The only surface watercourses in the area of the quarries are small and fed by surface water runoff and sub-surface discharges
from the slate spoil heaps. It is likely that both systems are ‘flashy’ and unlikely to provide substantial volumes of water. In
addition, it is likely that abstraction of water from these streams will have an adverse impact no riparian owners downstream of the
abstraction points.
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It is considered unlikely that the surface water system in the area will provide an adequate and reliable water supply for initial
filling of the upper quarries.

4.8.1

Llyn Padarn and Llyn Peris

Both Llyn Padarn and Llyn Peris reservoir are large bodies of water. A direct abstraction from one or both lakes would provide a
substantial volume of water for initial filling of the quarries.
Llyn Padarn is a Site of Special Scientific Interest (SSSI) and any proposals for the abstraction of water, although a relatively
small volume, will need to be accompanied by a detailed environmental impact assessment. Llyn Peris, which is upstream of Llyn
Padarn, is not an SSSI and an abstraction from this lake may have a less sensitive impact than from Llyn Padarn. However,
abstraction from either lake will require sufficient infrastructure to deliver the water to the upper quarries.

4.9

Construction and operational impacts

Whilst there is little scheme design at this point to allow an assessment of the potential construction and operational impacts, it is
considered that the following issues will need to be addressed as part of the application for planning permission. These form the
principal impacts in respect of hydrogeology and hydrology (water resources):•

Provision of initial water source(s) to fill the quarry reservoir(s)

•

Leakage of water from quarry(ies) during period of initial filling

•

Leakage of water from quarries during operations

•

Changes in groundwater flow

•

Changes in surface water flow

•

Impacts of changes in the hydrogeological and hydrological conditions on other environmental issues eg ecology

•

Contamination of groundwater/surface water during construction

•

Contamination of groundwater/surface water during operation

Recommendations
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5

Recommendations

Based on the available information and the findings of the site walkover, it is considered that there is limited detailed information
available on the hydrogeological and hydrological conditions on and in the vicinity of the development site. In order to clarify the
situation and facilitate a more rigorous assessment of the site conditions, it is recommended that:1.
2.
3.
4.
5.
6.

The levels of the base of all quarries and of the lakes within the quarries are surveyed to Ordnance Datum
The level of the high level drainage adit from Quarry 2 is surveyed relative to Ordnance Datum
The level of the pond to the north of Quarry 4 (Photo 1) is surveyed relative to Ordnance Datum
The level of the manhole and of the pipe in the manhole below Quarry 7 is surveyed relative to Ordnance Datum
A detailed investigation is undertaken to clarify the drainage in each quarry and to identify potential connections
between adjacent quarries.
An assessment is carried out to monitor the variation in flow in the manhole below Quarry 7.

In addition to the recommendations noted above, AECOM recommend the design element of the works is taken to an options
appraisal and preferred design. The options appraisal should include evaluation of the; cost, hydrological, environmental,
geotechnical, planning and technological limitations associated with the proposal, to allow the most feasible scheme to be selected
as the preferred design. Quarry lining options should be a key consideration during this element of work.
Prior to undertaking any work on site, ffurther investigation into the sensitivity of any peat on the site, from both an ecological and
habitat, and a peat stability assessment perspective should be undertaken. Much of this would be incorporated in the EIA and
design works.
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