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TUNNEL STABILITY ASSESSMENT REPORT
MONEYSTONE PARK, WHISTON EAVES LANE,

OAKAMOOR, STAFFORDSHIRE
Report Ref: 418051TMB    June 2016

1. INTRODUCTION

On the instruction of Bolsterstone Plc, on behalf of Laver Leisure, a Tunnel Stability
Assessment Report was undertaken by Abbeydale Building Environment Consultants
Ltd for an access tunnel at Moneystone Park, Whiston Eaves Lane, Oakamoor.

The site is located to the northwest side of Oakamoor and is centred within National
Grid Reference square SK 044 459, at between 110m to 240m AOD (See Fig 1)
covering an area of approximately 170 ha.

When writing this report the proposed development is for a lodge development with a
central hub building providing indoor and outdoor activities. This report has been
prepared for the outline planning submission. At the reserved matters stage a further
survey of the tunnel will be prepared to inform detailed design requirements. 

2. OBJECTIVES

This report has been undertaken to evaluate the available information regarding the
stability of the rock tunnel between Quarry 1 (Q1) and Quarry 2 (Q2), trending under
Whiston Eaves Lane. As part of this evaluation scanline surveys of the exposures
within the tunnel have been undertaken. In addition, information provided as part of a
previous assessment has been reviewed with extracts used where considered relevant.
The report evaluates the current stability of the tunnel in regards to current and future
site proposals. 

3. THE SITE

The tunnel is located within the former Moneystone Quarry and forms a connecting
link between Q1 and Q2, south and north of Whiston Eaves Lane respectively. See
Fig 2. For further details regarding the remainder of the site the previously prepared
Desk Study Report (ABEC Ref: 418040DS) should be consulted. At this stage no
details are available regarding the future proposed use of the tunnel.

The tunnel is approximately 50m long with an approximately square section typically
on the order of 4.5m high by 5.0m wide.The tunnel trends approximately 010° with
ground levels varying from 185m AOD at the north portal, to 181m AOD at the south
portal. Within the tunnel are several areas of reinforcement, particularly towards the
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northern portal and west sidewall. An area of netting extends from approximately
Ch.21m to Ch.47m.

It is understood the base of the tunnel is formed by mass concrete which was in turn
covered by 6F2 material during construction of an access road between the two solar
PV areas. At the time of the tunnel assessment, vehicle access to the south portal was
restricted by a barrier formed of large diameter pipework.

Water has been noted to be running through the tunnel and seeping from occasional
fractures during previous monitoring visits following heavy rainfall. No water was
recorded during the most recent visit.

Whiston Eaves Lane is located at an elevation of approximately 201m AOD.

5. HISTORY

For completeness a brief history of the site has been provided here for reference. If
further detail is required, then previous Abbeydale BEC Desk Study and relevant
third party reports should be consulted. Historical records indicate that prior to
extraction the site was occupied by agricultural fields. The Moneystone Quarry is
understood to have been operational since 1955 south of Whiston Eaves Lane. The
original access tunnel is understood to have been constructed in the early 1960’s,
with quarrying to the north commencing soon after. Records indicate that the
tunnel has been widened on two separate occasions. In the early 1980’s the tunnel
was widened by the site operators, Sibelco Ltd, to allow access for larger vehicles
to the northern quarry. Following a further need to use larger site machinery the
tunnel was again widened in July 2001. It is understood that during this second
phase of widening the works were undertaken to the western side of the tunnel. 

5. GEOLOGY 

The Geological Survey maps of the area, BGS Sheet 124 and SK04NE and SK04NW
along with memoir of the area have been examined. Information has also been gained
from Geotechnical Assessment (Reference No. 1 and 50) and Geo-Environmental
Desk Study (Reference No. 49). The site is shown to be underlain by the Rough Rock
Sandstone of the uppermost unit of the Upper Carboniferous Millstone Grit
(Namurian) Series, which is overlain by Upper Carboniferous Coal Measures
mudstones and siltstones. See Fig 3.

The Rough Rock Sandstone is fine to medium grained and is composed largely of
quartz grains. The sandstone is normally hard and well cemented. However, it does
contain beds and lenses of uncemented and poorly cemented weak sandstone. Also
present are thin beds or lenses of shale, along with beds of very hard white siliceous
sandstone. The sandstone has an on site maximum thickness of 35m, with an average
dip of 5 to 7 degrees and up to 12  degrees south - southwest. Examination of existing
exposures around the site have noted a relatively large proportion of cross bedding.
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Shale underlies the sandstone and is approximately 2m to 4m below the base of Q1E,
Q1W and Q3. See Fig 3. In Q2 the sandstone was generally removed to the top of the
shale which includes beds of siltstone and sandstone.  

No significant superficial deposits are recorded overlying the site. Made ground
associated with the infilling of the quarry voids is in excess of 20m thick and largely
comprises of clay slurry with a cap of 2m to 4m of solid mainly coarse granular
quarry waste.

The nearest fault is lies near to the eastern boundary of the site called Crowtrees
Fault. The fault is trending north - south and has downthrown strata approximately
20m to the west, resulting in the sandstone being uneconomic in this area. A further
fault lies to the southeast of Q3, its location being highlighted by a valley through
which Stream B flows. The strata is downthrown to the southwest.

Archive boreholes undertaken as part of the initial quarrying operations and drilled
from original ground level extended to a maximum depth of 38m bgl. See Fig 2. The
boreholes generally confirm the ground conditions indicated with fine to coarse
grained thinly bedded Sandstone recorded. Cross bedding is also reported. The
Sandstone is noted to be separated by thin sub-ordinate beds of mudstone and
siltstone. Sub-vertical fracturing is noted within the logs. Copies of the logs in the
area of the tunnel have been appended for reference.

6. PREVIOUS REPORTS

A previous assessment of tunnel stability was undertaken by Donaldson Associates
Ltd (DAL) (Report Ref: JS176), dated January 2002. The assessment was undertaken
to check for stability issues following the 2001 widening of the tunnel. The report
summarises the wider site setting including Rough Rock geology and details rough
dimensions of the tunnel. The report notes that from initial observations the rock mass
structure is apparent with at least two sets of sub-vertical joints, parallel and
perpendicular to the tunnel trend. The portal faces are approximately vertical with
steel canopies providing protection from rock falls. At the time it was advised by the
quarry technical manager that rockfalls had not occurred during his working
experience. Several rusted rockbolts were recorded on the exposed face above the
northern portal and have been present since the tunnel was first opened. 

The tunnel was inspected along all three exposed faces at 5m intervals. At the time of
the inspection the tunnel was dry although dripping water had been observed
previously during heavy rain. The discontinuities were noted to be typically widely
spaced therefore forming a relatively competent rock mass. The sub-vertical parallel
and perpendicular joint sets combine to create a blocky rock mass. Along some of the
sub-vertical joints within the crown displacements were noted which may suggest of
minor faulting. It is reported that the majority of tunnel widening work was
concentrated along the western sidewall and therefore do not represent the original
construction. Due to joint orientation the sidewalls are predominately formed along
natural joint planes.
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All significant discontinuities were mapped and presented on an unfolded plan with
reference to chainage, dip and dip direction. Forty seven (No. 47) measurements of
dip and dip direction were recorded and presented on an equal angle lower
hemisphere sterographic projection. Up to five individual joint sets were identified,
one bedding, three major and one minor. No correction for sampling bias or mapping
was undertaken. The results are summarised below:

20067Minor Joint5
4378Major Joint4
35377Major Joint3
9888Major Joint (fault?)2
26210Bedding1

Mean Dip
Direction (°)

Mean Dip (°)OriginSet No

The assessment concludes that the vertical to horizontal stress ratio if sufficiently low
to prevent any stress-induced stability problems. The principle failure mechanism is
considered to be one of sliding blocks or wedges released by intersecting
discontinuities, under gravity.

Assessment was undertaken using the Q-system of rock mass classification with
values ranging from 4 to 16 and a best estimate of 11. This indicated a fair to good
quality rock mass. Using the span/Excavation Support Ratio (ESR) relationship it was
determined the tunnel could generally remain unsupported. Following wedge analysis
the maximum potential size of individual blocks was estimated to be around 1.5t to
3.1t. Support estimates indicate that resin-anchored rock dowels with 10t working
loads and bond lengths of 2m beyond the unstable block would provide an adequate
factor of safety.

7. TUNNEL SURVEY 

7.1 Introduction

The access tunnel was inspected by Abbeydale BEC on 26th May 2016. At the
time of the inspection the weather was dry. The portals were also inspected
although due to vegetation cover only superficial observations could be made.
Photographs of both the north and south portals are included at the end of this
report.

7.2 Tunnel Inspection

Both sidewalls and crown of the tunnel were inspected by Abbeydale BEC.
Access could not be gained to the upper parts of the side walls and the crown
therefore these were assessed visually. The chainage along the tunnel was
measured from Ch. 0m adjacent to the southern portal, west sidewall.
Chainage was marked out at 5m intervals extending to approximately Ch. 50m
at the northern portal. The portal canopies were not included within the
chainage measurements. Each 5m section of wall was individually
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photographed (See Photos). A sketch of the major discontinuities observed
during the survey has been included with observations made relative to the
base of the tunnel. See Fig 3a and 3b. At the time of inspection the tunnel and
surrounding weather conditions were dry. It has been reported that during
exceptionally high rainfall, dripping has occurred within the tunnel.

The rock mass exposed within the tunnel generally comprises medium strong
reddish-brown fine grained cross bedded sandstone with sub-ordinate thin
mudstone bands. Within the rock mass were further areas of buff banding and
dark grey lenticular zones. The dark grey lenticular zones appeared to be
stronger than the surrounding rock. The sandstone was noted to range from
very thinly to thinly bedded with occasional bedding planes stained black. 

Four joint sets, including bedding, were observed with typically medium to
wide spacing. The main joint sets were found as previously reported trending
approximately parallel and perpendicular to the tunnel alignment. The
majority of joints inspected were found to be tight to partly open, with sand
and silt deposits. Iron mineralisation was observed on several joints. 

At the time of the inspection the tunnel portal shelters were rusted, with
several sections of the northern shelter having disintegrated. 

7.3 Tunnel Sidewalls

The tunnel side walls were formed predominately along natural sub-vertical
joint planes which run generally parallel to the tunnel orientation. The tunnel
crown also appears to be predominately formed along pre-existing planes, in
this instance the bedding surfaces. By forming along pre-existing planes the
potential for significant penetrative weathering is reduced by cemented
material coating the exposed surfaces. Additionally as weathering tends to
progress more at joint intersections, the potential for spalling of small
fragments is also reduced. 

The previous DAL assessment noted that the eastern wall was partly obscured
by pipework and could not be fully observed. Following closure of the quarry
and cessation of processing the eastern wall was exposed fully for further
assessment during the 2016 visit. The perpendicular joints were observable
more clearly in the eastern wall. 40mm metal dowels were noted at regular
intervals in the east wall, with some less frequently in the west wall. 

Cross bedding appeared most apparent on the western sidewalls which may be
due to the younger age of the surfaces. Within the western sidewall were two
main refuge areas at Ch. 16.5m and Ch. 27m. 

All wall surfaces within the tunnel were found to be covered by a thin (0.5mm
to 2.5mm) layer of fine sand or silt. This may be the result of material kicked
up by vehicles using the tunnel, although some may result from surface
degradation of the rock mass.
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7.4 Stereographic Projections

Discontinuity measurements have been collected and used to supplement the
measurements from the previous DAL stability assessment. The discontinuity
measurements are collated and displayed on a equal area, lower hemisphere
stereographic projection. See Fig 4. For reference the original DAL stereonet
has also been included within the Appendices.

As noted the measurements obtained during the 2016 survey generally concur
with the previous DAL findings with further measurements confirming the
presence of Set 1 (bedding) and Set 2 (major joint). Measurements of bedding
however do show more apparent scatter which is considered representative of
the cross bedding reported. The sub-vertical joints of Set 2 represent those
trending approximately parallel to the tunnel and would create wedge shaped
blocks in the roof sections. 

Sets 3 and 4, identified by DAL, although present, are less well defined and
show appreciable scatter. This is considered likely due in part to the
excavation of the tunnel perpendicular to these joints.

Although additional measurements have been obtained the scatter associated
with Set 5 is significant and considered to be representative of random jointing
within the rock mass.

7.4 Stability

As previously mentioned the tunnel has formed a component of the monthly
and quarterly monitoring visits undertaken by Abbeydale BEC since 2010.
The observations made during the current assessment generally concur with
the findings of the previous DAL assessment. 

In its current state the overall stability of the tunnel is considered to be
acceptable with no significant failures or displacements observed during either
the current assessment or the previous monitoring visits. As previously
recorded by DAL, given the strength of the rock and the general blocky nature
of the rock mass structure, the current vertical to horizontal stress ratio is
considered acceptable. Therefore no significant stress induced failures are
anticipated.

Although very occasional small rock falls have been observed during previous
visits within the tunnel, they have had no significant influence in the overall
stability of the tunnel. At the reserved matters stage a further survey of the
tunnel will be prepared to inform detailed design requirements.

8. SUMMARY 
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