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Northumberland and Durham Case Study

Aim

The UK Coal Authority are responsible for all areas of abandoned coal mining in the UK
and are responsible for the settlement of subsidence claims raised by those living in areas
of abandoned coal mining. The scope for radar based ground measurements to assist the
Coal Authority with their understanding of ground motions which might relate to
abandoned coal mines offers an interesting possibility.

Geological background

The productive Coal Measures form the bedrock for much of the Northumberland and
Durham study area in the north east of England. Faulting in the area is mostly east-north-
east trending, but there are a number that trend east-south-east, typical displacements are
of the order of 25 m or less but some faults show displacements up to 200m. Quaternary
deposits consist of Till, which can be up to 60 m thick and covers more than half of the
area, glaciofluvial sands and gravels and glacial lake deposits. Borehole evidence
suggests that the rockhead surface has an appreciably greater relief than the till plain that
forms the present-day surface. Pre-existing, possibly pre-glacial, valleys coincident with
or marginally offset from, the present-day valleys of the major rivers are largely infilled
with glacial deposits.

The coalfield has a working history dating back to Roman times. Over twenty coal seams
have been mined underground and the coalfield has been one of the major sources of
opencast (surface-mined) coal in Britain. The geological structure of the area determined
the development of the coalfield with faults, in particular, serving to divide the area into
zones of ‘take’. The working of deeper and deeper coal seams, including those beneath
the Permian, led to the need to pump mine water.

PSI data and results

PSI processing was carried out by FugroNPA Ltd and the data were interpreted by BGS
to add value in the form of a geological interpretation. The data and interpretation were
then passed on to the Coal Authority as the end user to assess the usability for their needs.

50 descending ERS scenes from 1995 to 2000 produced 115 555 PS points with an
overall average annual motion of +0.407 mm/yr.

21 Envisat scenes from 2002 to 2008 produced 71899 PS points with an average annual
motion of +2.47mm/yr. Ascending SAR datasets were not suitable for PSI processing but
DiffSAR analysis was possible. The average standard deviation is lower than for the ERS
data since fewer images were used in the processing.

Relationship to faulting

ERS results show some areas of motion are bounded by the pattern of faulting. The
underlying reason for motion in several cases appears to be reactivation of faulting by
factors such as ground water level change. Figure 1 shows the relationship between the
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regional motion and the regional pattern of faulting. Black circles outline areas where
motion characteristics are seen to change over a fault at this scale. Figure 3 shows some

of these relationships in more detail.
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Figure 1: ERS (1995 to 2000) derived motion for the Northumberland region. Black circles on
the image highlight motion phenomenon which appear to be bounded by the major faults in the

region shown in red. Sites mentioned later are highlighted by text.

Geological materials © Nerc. All rights reserved.
J Topography © Crown Copyright reserved.
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Compressible sediments in the Team Valley

The Team Valley area of Gateshead represents the pre-glacial channel of the River Wear
which was eroded to below -46 meters OD. The channel is now infilled with alluvium
which overlies a complex series of glacial clays, laminated-clays, silts and sands.

ERS results (Figure 2) show the centre of the valley to have subsided by up to 45 mm
over the 1995 to 2000 period; this is attributed to compaction of the sediments through
loading of the ground by buildings and to water abstraction.
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Houghton-le-Spring

This area shows a complex spatial pattern of ground motion which appears to have arisen
through the interplay of mining activities and ground water level changes due to
pumping. Areas of motion appear to be bounded by the faulting in the area as shown on
Figure 3. It is thought that changes in ground water levels, probably due to the cessation
of mine water pumping, are causing differential motion of adjacent fault blocks; motion
is accommodated by reactivation of existing faults as evidenced by fissures (Figure 3c).
Initial ground water levels are starting to show a relationship (Figure 3b) but more work
is required.
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a. ERS motion in the Houghton area, red lines are faults and red circle highlights the area for
which the Figure 3b graph is drawn. Black dashed rectangle highlights area shown in
more detail in Figure 3c.

ERS (1995 - 2000) Time Series for Lumley.
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b. PSI motions (red, green and blue lines) and ground water levels (purple line) in the area
highlighted by the red circle
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¢. ERS PSI shows differential motion across the fault (continuous red line). Subsidence has
occurred to the south, which is the area that has been mined. To the north of the fault mild
uplift is occurring. Field evidence supports motion in the area as evidenced by the cavities
and fissures (stars and short red lines to the north of the fault). The area of coal mining is
limited to the north by the fault. Coal was mined using the pillar and stall method.

Figure 3: ERS derived ground motion in the Houghton-le-Spring area for the period 1995 to
2000.

Areas of abandoned mining

Ryhope colliery was closed in 1966 (Figure 4), according to common opinion subsidence
relating to the extraction of coal using the long wall technique would take place within 5-
7 years of extraction. The ERS PSI data shows subsidence in this area occurring more
rapidly but with an especially rapid motion from 1997 — 1998. It is not currently known if
this subsidence is caused by coal extraction or if ground water levels have an effect.
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Figure 4: ERS PSI result for the Ryhope are

Differences between ERS and Envisat

There are dramatic changes in the sense of ground motion between the 1995-2000 ERS
result and the 2002-2008 Envisat result. This change appears to fit reasonably well with
the recovery of minewater levels after pumping from the mines ceased, as shown by the
PSI vs. minewater rise curves in Figure 5. The recovery of minewater levels following
the cessation of takes place in ‘minewater recovery blocks’, water level recovers within a
block until it reaches a tipping point at which point it will flow in to the adjacent block.
Blocks are commonly defined by the faulting.
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Westoe Mine Water Levels and Envisat Data
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Boldon Mine Water Levels and Envisat Data
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Figure 5: Minewater recovery curves (thick green and red lines) compared with PSI derived ground
motions for the monitoring stations highlighted by red circles.

User perspective:

Following receipt of the data the UK Coal Authority is impressed with the apparent
ability to use PSI to identify areas where groundwater levels are rising. This is because
PSI data has the potential to save money by reducing the need for unnecessary boreholes.
Minewater monitoring boreholes can be cited in areas where PSI data has proven that
minewater levels are rising via its ground motion signature, rather than employing an
expensive ad hoc monitoring network of boreholes.
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