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1

1.1

Introduction

General

In September 2009 cracks were encountered on the existing road surface on the B842
between Campbeltown and Southend at Conie Glen.

As the road continued to deteriorate, one lane of the road was closed and a traffic light system
was installed to ensure that there was only one way traffic permitted on the north bound lane.
These traffic lights have remained in place since and there is currently a 10mph speed
restriction in force.

As these cracks continued to grow in length and width, Argyll & Bute Council undertook some
measurements to monitor the width of two of these cracks. This crack monitoring was ongoing
until it was recently replaced by more sophisticated equipment which is discussed later in this
report.

The cause of the cracks in the road surface is thought to be due to a landslide of the
surrounding area as shown on photographs 1 and 2 below:

Photograph 1: Landslide east of B842 taken on 28 October 2009
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Photograph 2: Landslide east of B842 taken on 13 January 2010

As shown on photographs 1 and 2 there has been ongoing movement of the landslide between
the dates of the photographs.

As the landslide has continued to move the cracks on the road have become wider and
increased in length. There is also a noticeable vertical movement of the cracks on the road
indicating movement downwards towards the river. Photographs 3 and 4 show how the one of
the cracks in the road has widened and lengthened between November and January.
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Photograph 3: Crack on pavement taken on 11 November 2009

Photograph 4: Crack on Pavement taken 13 January 20 10

S106924 February 2010



Argyll & Bute Council
B842 Conie Glen Landslide

2.1

Background

General

The rocks at the site are over 300 million years old and were formed by a series of gigantic
rivers that deposited layers of sand, silt and mud. As these sediments were laid down, nearby
active volcanoes periodically erupted. Volcanic ash from these eruptions was deposited on the
river bed to form thin layers of ash rich sediment. The river water in which the ash was
deposited, chemically converted the ash to a soft clay. These sediments were originally
deposited as horizontal layers. Over time, these sediments turned into rock due to the
increasing weight of overlying sediment that piled up. Rocks formed from sand and silt are
porous, i.e. permit groundwater flow. Rocks formed from mud and clay do not permit
substantial groundwater flow. The rocks at the site were later tilted, as the earths surface was
stretched and thinned. Today, these rocks regionally tilt towards the east, i.e. towards the
slope toe and the river.

Landslide debris is exposed at the slope toe at the Conieglen water. The landslide debris at
the site is a mix of jumbled angular blocks of sedimentary rock bound by fine sand and clay.
The fine sand and clay material appears to have 'flowed 'around the large blocks. It is thought
that this landslide debris formed thousands years ago, towards the end of the last glaciation.
During this time, ice sheets that extended across northern Europe were melting, which
released a large volume of water. Groundwater levels suddenly increased during this time, to
levels higher than seen today. This increase in groundwater ultimately 'saturated' the rocks at
the site. Research has proven that rock strength reduces with increased water content so we
can therefore assume that the rock strength at the site reduced during this period due to an
increase in water content. Furthermore, river systems would have been more powerful and
erosive at this time due to the increased quantity of water around. Erosion of the slope toe may
have commenced during this time, which subsequently destabilised the slope above.

The thin clay layers (chemically altered volcanic rich sediments) are softer than the surrounding
rock and as such represent planes of weakness. Additionally, clay does not permit significant
groundwater flow, such that any groundwater flowing through the porous sedimentary rocks will
concentrate immediately above and flow along these thin soft clay layers down slope. Rock
samples obtained during the recent ground investigation works were submerged in water to
assess their sensitivity to increased water content and saturation. These samples were
observed to disintegrate into fine sand, silt, mud and clay within a few hours, proving that these
rocks are very sensitive to variations in water content. This concentration of water at the clay-
sedimentary rock interface will have resulted in a local reduction in rock strength, local
softening of the clay bands and local disintegration of the porous rock. These thin clay bands
may therefore have provided a slip surface upon which overlying material could slide,
particularly as they are thought to dip down slope. This saturated, disintegrated material would
have effectively ‘flowed' down slope, destabilising and breaking up the overlying drier and
therefore more stable, stronger rock into blocks that subsequently tumbled down slope. The
blocks and flowing material were deposited down slope as a mix of jumbled angular blocks
bound by fine sand and clay.

Boreholes positioned along the road alignment encountered road fill overlying landslide debris
at depth. This area of the B842 was therefore thought to have been constructed over a historic
landslide.
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2.2

Review of historical ordnance survey maps, show the river alignment to have periodically
shifted eastwards. This periodic easterly movement is thought to have occurred as a result of
subsequent landslide activity that deposited material down slope into the path of the river,
thereby forcing it to change alignment and flow further to the east. The presence of a river
bend at the slope toe is likely to have led to concentrated erosion at this location. This will
have ultimately destabilised the historic landslide debris by reducing the mass of material at the
toe that effectively supports the landslide debris above.

It is believed that this hollow formed as a result of landslide activity (pre road construction).
During road construction, fill may have been used to infill this local hollow. The addition of this
fill may have destabilised the landslide by increasing the mass of material upslope.

More recently, the road was thought to have been closed around thirty years or so ago due to a
landslide that occurred at the site. This was described as a “flowing” landslide by a local
landowner.

Evidence suggests that the water main aligned parallel with and immediately west of the B842
verge has leaked in the past and may still be leaking today. If this is the case, and the water
main is indeed still continuing to leak, water could be flowing through the embankment and
down slope and through the landslide debris. This continual flow of water could locally saturate
the landslide debris, disintegrate the fine sand and soften the clay, thereby reducing the
strength of the landslide debris and initiating flow of material down slope. Discussions are
underway with Scottish Water to relocate the water main away from the side of the road at this
location.

Landslide debris is usually deposited in such a way that the slope is in equilibrium in terms of
stability post failure, i.e. the slope is stable in the interim but is very sensitive to changes in the
surrounding environment. Based upon the above, it is believed that reactivation of this historic
landslide occurred periodically due to any of or a combination of the following natural and man-
made factors:

x Natural - increased groundwater after prolonged periods of intense rainfall
x Natural - erosion at the slope toe by the Conieglen Water

X Man-made - addition of fill within the upper portion of the landslide increasing the
weight of material upslope

X Man-made - increased groundwater water pipe leakage

Recent Progress

A traffic light system has been implemented by Argyll & Bute Council and the road is currently
only open in one direction with a 10mph speed restriction in place. This allows the lane closest
to the eastern edge to remain closed and also slows the traffic down that travels over the road.

Monitoring pins were installed by Argyll & Bute Council to measure the amount of movement at
selected points over the site. These monitoring pins have been surveyed on a regular basis
and indicate that movement is still occurring.

As discussed previously, crack monitoring was undertaken on the road surface at two
locations, the southern cracking area and the northern cracking area. The cracks have
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increased in width since monitoring began in September 2009. The width of the cracks based
on the most recent monitoring (dated 25/01/2010) are shown to be 17mm at the southern
cracking area and 57mm on the northern cracking area. There is no evidence to date that the
movements of the cracks are substantially reducing and therefore monitoring will be continued.

An initial preliminary ground investigation was carried out in December 2009 by Land Drill
Geotechnics to determine the ground conditions underlying the site. A number of boreholes
were sunk to the east and west of the existing B842 and also through the road in order to look
at the ground conditions. An inclinometer has been installed into the ground which will monitor
ground movements throughout its depth. This will assist with identifying the zone where any
movement occurs.

Whilst on site it was noticed by the geologist that some of the tension scars to the east if the
road (immediately below the verge) had dropped by around 700mm over a short period of time.
In addition, there was evidence of reactivation of a historical tension scar to the west of the
road which had moved vertically in the order of 500mm. It was thought from a study of the
location of these tension scars that there was a high likelihood that they continued under the
road. It was decided at that stage that monitoring that could be operated remotely should be
installed to identify any sudden movements allowing the traffic lights to be turned to red and the
road subsequently closed should these occur.

DATUM Geotechnical and Structural Monitoring were employed by Argyll & Bute Council to
install crack monitoring into a number of the existing cracks in the road. The instrumentation
was installed during the last week in January and is soon to be linked to the traffic lights. Once
the complete system is in place, the traffic lights will immediately turn to red should the cracks
move beyond a certain tolerance. Immediate contact would be made with the Argyll & Bute
Council's standby officer and further action would be taken immediately.
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Available Options

As the existing B842 road at this location has been constructed on a historical landslide that
reactivates from time to time, there is likely to be further movements of the road at this location
in the future. If the road is retained in its current position without removal of the underlying
landslide material there will be further movements and deterioration of the road surface
requiring ongoing resurfacing and maintenance.

There a number of remedial measures that can be adopted for this situation with varying
degree of residual risk and cost. Each of the solutions discussed in this chapter falls under one
of the following:

X Moves the road from the area affected by landslide
X Leaves the road in its current position and treats the problem
X Supports the road at depth in its current position

x Do minimum (i.e. leave the road in its current position and do not remove the failure
zone of the landslide but try to improve the drainage regime)

If the road is to remain in its current position for any considerable time, the rockfill at the toe of
the slope at the Conieglen water should be extended to the top of the bank which is standing
vertically at this time. This will help prevent further failure at the toe.

It should be noted that no hydrological study has been undertaken so any culverts that are
required will need to be sized once further study has been undertaken and information is
available. The general culverts that have been included in the cost estimates are based on
900mm diameter pipes. The large culverts/structures for the low road (refer to section 3.5) are
assumed to be 2m diameter and 10m span corrugated steel culverts.

The costs that have been provided are preliminary estimates and to be used for comparison
purposes only. As the services are along the verge of the existing B842 it is assumed that
these do not need to be diverted. It has also been assumed that the Scottish Water pipeline
will not require further diversion following any current works to move the pipe away from the
edge of the road.

The risk rating that is given is in relation to the road being operational. For example, a “high
risk” would be defined as a high potential that the road is unable to remain operation and would
need to be closed.
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3.1

3.1.1

“Do Minimum” - 1 Lane Traffic

This “Do Minimum” option involves the construction of formalised road drainage, crest drainage
and culvert construction under the current lane restrictions.

The “Do-Minimum” option is a short term option to manage the risk and potentially allow the
road to remain open for a longer period of time under traffic control. This option does not fix
the problem or remove the road from the source so it is possible that there will be further
movements in the future. Ongoing maintenance of the road will be required at more frequent
intervals to undertake patch repairs or resurface the road.

The drainage surrounding the site is inadequate and is currently causing water to run almost
unmanaged through the ground, the existing embankment and down the slopes. This “Do-
Minimum” option includes the installation of a formal road drainage system along the edge of
the road as the current drainage is shallow and disjointed with ponding water occurring. The
existing culvert under the road requires to be reconstructed at the correct depth for this new
road drainage system. Additionally, any existing culverts or pipes that run under the road
require to be located, inspected and reconstructed if necessary. The water from the culverts
needs to be piped to a suitable outlet point and not allowed to spill down the slope.

In addition to the road drainage, a ditch (around 2m deep) should be constructed further up hill
to catch surface water runoff and some of the higher groundwater. The water from the ditch
should be carried away from this location or put into the road drainage.

The remote monitoring that is being installed on the road as discussed in Chapter 2 requires to
be continued for the duration of this “Do Minimum” operation.  This option requires formal
advanced signing to inform road users that there is a landslide risk.

Risk & Cost

As the road continues to operate over this historical landslide it is possible that there will be
further movement in the future resulting in the closure of the road.

The risk rating is estimated to be high .

The estimated cost is £200,000.
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3.2

3.21

“Do Minimum” - 2 Lane Traffic

This “Do Minimum” option involves the construction of formalised road drainage, crest drainage
and culvert construction but permits two-way traffic to be reinstated.

As with the option described in Section 3.1, this “Do-Minimum” option is a short term option to
manage the risk and potentially allow the road to remain open for a longer period of time. The
difference being that it enables two-way traffic to be reinstated as the road is moved by one
lane width to the west of its existing position to move the traffic further from the eastern edge of
the slope. As with the previous “Do Minimum” option, ongoing maintenance of the road will be
required at more frequent intervals to undertake patch repairs or resurface the road.

This option does not fix the problem or remove the road from the source so it is possible that
there will be further movements in the future.

As discussed previously, the drainage surrounding the site is inadequate and is currently
causing water to run almost unmanaged through the ground, the existing embankment and
down the slopes. This “Do-Minimum” option also includes the installation of a formal road
drainage system along the edge of the road as the current drainage would conflict with the
revised line of the road. The existing culvert under the road requires to be reconstructed at the
correct depth and location for this new road drainage system. Additionally, any existing
culverts or pipes that run under the road shall be located, inspected and reconstructed or
widened if necessary. The water from the culverts requires to be piped to a suitable outlet
point and not allowed to spill down the slope.

In addition to the road drainage, a ditch (around 2m deep) should be constructed further up hill
to catch surface water runoff and some of the higher groundwater. The water from the ditch
should be carried away from this location or put into the road drainage.

The remote monitoring that is being installed on the road as discussed in Chapter 2 requires to
be continued for the duration of this “Do Minimum” operation. This option required formal
advanced signing to inform road users that there is a landslide risk. Traffic lights are still
required to be installed as part of the monitoring regime being put into use if required to close
the road.

Risk & Cost

As the road continues to operate over this historical landslide it is possible that there will be
further movement in the future resulting in the closure of the road.

The risk rating is estimated to be high .

The estimated cost is £320,000.
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3.3

3.3.1

Install Major Drainage Works — 2 Lane Traffic Options

This option involves the construction of substantial counterfort drains to the east of the road,
formalised road drainage, crest drainage and culvert construction. It permits two-way traffic to
be reinstated.

This is a short to medium term solution which reduces the risk of the road having to close in the
short term. This solution however provides a method of picking up the groundwater and
creating formalised drainage channels down slope towards the river which should improve
stability. In addition to the drainage regime and culvert construction outlined in the other “Do
Minimum” options, this approach requires the construction of deep counterfort drains to the
east of the B842 to pick up surface water and some groundwater. Counterfort drains are deep
channels that are cut into the slope and filled with free draining material.

This option will present significant construction difficulties and will require plant operation on a
slope over unstable material and as such would potentially require substantial temporary works
to be installed.

This approach enables the road to be reopened to permit two way traffic as the road is also
moved by one lane width to the west of its existing position to move the traffic further from the
eastern edge of the slope. Ongoing maintenance will be required at more frequent intervals to
undertake patch repairs or resurface the road.

The remote monitoring that is being installed on the road as discussed in Chapter 2 requires to
be continued in the long term which can be subject to ongoing review. This option required
formal advanced signing to inform road users that there is a landslide risk. Traffic lights are still
required to be installed as part of the monitoring regime being put into use if required to close
the road.

Risk & Cost

As the road continues to operate over this historical landslide it is possible that there may be
further movement in the future resulting in the closure of the road. It may be that the deep
counterfort drains that are required to be installed for this option manages the water downhill
and provides the road with some additional stability.

The risk rating is estimated to be medium to high .

The estimated cost is £1,250,000.
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3.4

3.4.1

Divert Road to West of Existing Road - 2 Lane Traffic

This option involves relocating the road beyond the extent of the landslip to the west of the
existing road and permits two-way traffic to be reinstated.

The diverted road is relocated away from the area underlain by the historical landslide material
and is moved off the line of any recent movements. It involves the diversion of the road uphill
to the west of the existing B842 where there has been no evidence of distress or movement.
The approximate position is shown on drawing S106924/SK/004. This new road would be two
lanes with verges and approximately 500m long (based on the current information although this
would need to be reviewed at a later date). The cost estimate for this new road is based on 4
million standard axles and a Class 2 foundation. The new road would require the installation of
a new drainage system including at least one new culvert to be constructed under the new
road.

Due to the challenging topography in the area and the presence of the cottage immediately to
the north of the site, it is likely that Departures from Standards would be required for this new
road construction. It may also require a permanent speed restriction to be implemented. The
construction of a new road to the west will introduce steep gradients to the B842 that are not
currently present at this location.

In order to confirm the alignment of this diversion further ground investigation would be
required to prove that the selected location was not overlying the historical landslide material
and was founded on competent natural ground. This should be complemented with extensive
topographical survey to enable design work to be undertaken.

The diversion of the B842 at this location would remove the road from the landslide area but
would not prevent the landslide from continuing to occur at its existing location.

A new road of this length may require environmental assessment work to be undertaken which
would potentially delay the time for construction to commence.

The lane restrictions and monitoring would be required to be continued until the new road is
operational.

Risk & Cost
This option will move the road away from the area affected by the landslide.

The risk rating is estimated to be low to medium (possibly reduce to low following further
ground investigation should this option be adopted).

The estimated cost is £1,200,000.
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3.5

351

Divert Road to East of Existing Road - 2 Lane Traffic

This option involves relocating the road beyond the extent of the landslip to the east of the
existing road and permits two-way traffic to be reinstated.

The diverted road is relocated away from the area underlain by the historical landslide material
and is moved off the line of any recent movements. It involves the diversion of the road to the
east of the existing B842 to the low area beyond the toe of the existing slope (i.e. to the east of
the Conieglen water). The approximate position is shown on drawing S106924/SK/004. This
new road would be two lanes with verges and approximately 750m long (based on the current
information although this would need to be reviewed at a later date). The cost estimate for this
new road is based on 4 million standard axles and a Class 2 foundation.

The construction of a new road to the east will introduce steep gradients to the B842 that are
not currently present at this location.

The new road would require the installation of a new drainage system including two new large
culverts where the road crosses the Conieglen Water. Discussions would be required with the
Scottish Environmental Protection Agency (SEPA) regarding the culverts on the line of the
watercourse. It may also be possible to divert the watercourse following consultation with
SEPA which would prevent the need for these large culverts.

Extensive topographical survey will be required for this realignment option in order to undertake
the design work. Ground investigation would also be required to ascertain the ground
conditions underlying the new road and the culverts.

The diversion of the B842 at this location would remove the road from the landslide area but
would not prevent the landslide from continuing to occur at its existing location.

A new road of this length is likely to require environmental assessment work to be undertaken
which would potentially delay the time for construction to commence.

The lane restrictions and monitoring would be required to be continued until the new road is
operational.

Risk & Cost

This option will move the road significantly away from the area affected by the landslide. This
option is not influenced by the historical fossilised landslide material which is a benefit over the
shorter western diversion discussed previously.

The risk rating is estimated to be low.

The estimated cost is £2,250,000.
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3.6

3.6.1

Remove Failure & Replace with Granular Fill - 2 Lane Traffic

This option involves removing the entire failure zone to its full extent (including under the
existing road) and replacing these soils with imported granular material. This would allow two-
way traffic to be reinstated.

It is likely that this treatment will be required from the Conieglen water to a point (to be defined)
west of the road over a length of around 60 to 80 metres. This is an extensive earthworks
operation and will require the existing road to be diverted temporarily to enable the solution to
be constructed. Following replacement of the failure zone the road may be reconstructed in its
current position with 2 lanes of traffic running unrestricted.

The diversion that would be needed whilst constructing the remedial works would require to be
outwith the zone of instability to ensure that the traffic was secure whilst undertaking the
construction operations. It would be possible to have a one lane temporary road operated on a
traffic light system whilst construction was being undertaken.

The new road would require a formalised drainage system and new culverts to be installed.
Safety barriers are also likely to be required on the southbound side of the road due to the
steepness and height of the newly formed slope.

Further ground investigation data would be required on both the east and west of the existing
road to further define the depths and extents of the failure zone. This would be complemented
by the results from the inclinometer that has been installed previously.

Risk & Cost

This option will remove the failure zone of the landslide and therefore removes the problem.
The fossilised landslide material is excavated to its full depth and backfilled with a free draining
granular material which provides a stable slope.

The risk rating is estimated to be low.

The estimated cost is £2,350,000.
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3.7

Other Structural Solutions

There are a number of other structural solutions that are available to support the road itself.
These solutions are high cost compared with other available options so have not been
considered in detail.

The following structures solutions highlighted in this section will secure the road in its current
position but will not prevent any further landslides surrounding the road from occurring unless
other remedial measures are undertaken:

x Bored piled wall (cost > £3 Million)
x Piled embankments (cost > £4 Million)

X Multi span bridge structure (cost > £20 Million)

In order to implement any of these structural solutions, the existing road will require to be
diverted to a location that is of sufficient distance away from the construction works. The cost
of this diversion is in addition to those shown above.

Extensive ground investigation would be required for these solutions as they would require to
be supported in deep piled foundations that can resist significant horizontal movements. The
cost of the ground investigation in this location for such significant structures may be in excess
of £300,000 due to access difficulties and the requirements for deep drilling in difficult ground
conditions.

These options have health and safety considerations as they will require heavy plant and
equipment to operate on the existing road and the surrounding area where there is known
instability. Work either on the road or the slopes to the east of west of the B842 may further
destabilise the ground and cause additional movements whilst construction operations are
ongoing.
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