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1. INTRODUCTION 

 

1.1 Background 

  

DAB Geotechnics Ltd. has been commissioned by H. J. Banks Mining Ltd. (Banks) to undertake 

a mine gas risk assessment for the proposed Highthorn surface mine. 

 

 The centre point of the Highthorn site is located about 2km south-east of Widdrington, 2km east 

of Widdrington Station and 2.5km north-north-west of Ellington in the County of 

Northumberland (Figure 1). The site is bounded to the west by the A1068, to the north-east by 

the C110 and on all other sides by agricultural land. Hemscott Hill Farm lies in its eastern part, 

whilst the former Highthorn Farm lies to the south. 

  

1.2 The Potential Hazard 

  

Mining has been carried out in Northumberland since Roman times. Large areas of open and 

partly collapsed voids have been created, some of which remain dry and within which mine, 

‘stythe’, or blackdamp has formed by a slow, but continual process of coal oxidation. Stythe is a 

mixture of nitrogen and carbon dioxide with depleted concentrations of oxygen and as such forms 

a dense suffocating mixture. Large volumes of gas can accumulate, some of which may then 

migrate to ground surface. This does not pose a risk to members of the public provided that it can 

safely dissipate in the atmosphere. A potential hazard can be created where the gas is allowed to 

accumulate in enclosed buildings or under-floor spaces. The risk is obviously greater where these 

are located above or in close proximity to migration pathways (e.g. abandoned mine openings). 

The rate of migration and hence the risk to the public is increased where gas is being displaced by 

rising groundwaters. This problem has become more acute as the Northumberland Coalfield has 

been abandoned and pumping operations have been terminated. 

 

Methane is also evolved from coal seams and although this is a potentially explosive gas, the 

concentrations are generally very low in abandoned mine workings. Carbon monoxide may also 

be present at extremely low levels. This gas is toxic. 

  

1.3 Assessment Methodology 

 

It was recognised at an early stage that the development of Highthorn site would entail the 

exhumation of the old mine workings. Further studies have shown that groundwater abstraction 

will be required to recover the reserves and maintain safe working conditions. This will impact 

the mine gas regime and an assessment of the likely effects has therefore been undertaken. The 

study has entailed: 

 

(i) an extensive search and examination of the geological plans, reports and borehole data 

provided by Banks or published by the British Geological Survey; 
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(ii) an inspection of the early editions of the 1/2500 and 1/10,560 scale Ordnance Survey 

maps; 

 

(iii) an examination of the 1/2500 scale Abandoned Mine Plans and 1/10,560 scale Old 

Workings Plans;  

 

(iv) the installation of groundwater monitoring boreholes at various locations on the site, and 

the collation and interpretation of the monitoring results; and 

 

(v) the identification of potential gas migration pathways and those properties considered to 

be most at risk. 
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2. REFERENCE DOCUMENTS 

 

2.1 DAB Geotechnics Ltd. 

 

Reference has been made to the following documents that have been prepared for Banks: 

 

‘Proposed Highthorn Surface Mine – Hydrological and Hydrogeological Assessment Report’ 

(DAB Geotechnics Ltd., 2015); 

 

‘Proposed Ferneybeds Surface Mine – Hydrological and Hydrogeological Assessment Report’ 

(DAB Geotechnics Ltd., 2012a); 

 

‘Proposed Ferneybeds Surface Mine – Mine Gas Risk Assessment Report’ 

(DAB Geotechnics Ltd., 2012b); 

 

2.2 British Geological Survey (BGS) 

 

The following BGS plans and reports have been examined as part of this and earlier studies: 

 

 1/50,000 Scale Geological Sheet No. 9. Rothbury. Drift Edition (1977); 

1/63,360 Scale Geological Sheet No. 9. Rothbury. Solid Edition (1966); 

1/50,000 Scale Geological Sheet No. 9 Rothbury. Bedrock and Superficial Deposits (2009); 

 1/10,560 scale Geological Maps, Sheet Nos. NZ29NE and SE; 

 1/10,000 scale Geological Maps, Sheet Nos. NZ29NE and SE; and 

 ‘Geology of the Rothbury District’ (Lawrence et al., 2011). 

 

The Rothbury maps were originally surveyed in 1895 and again in the early 1920’s, but the BGS 

has since undertaken a complete revision and the results were published in 2009. This entailed 

detailed fieldwork and the collation of borehole data, coal seam outcrop and fault locations 

provided by British Coal, the Coal Authority and other parties. Some of the field slips for the area 

of interest have been examined with the Survey’s permission.  

 

Reference has also been made to a number of archive boreholes held by the BGS, copies of which 

are provided in Appendix C of the Hydrological and Hydrogeological Assessment Report for 

Highthorn site (DAB Geotechnics, 2015). 

 

2.3 H. J. Banks Mining Ltd.  

 

 The extended site was previously investigated by the National Coal Board and British Coal when 

approximately 1,700 boreholes were drilled to a maximum depth of 288m bgl, though typically 

not greater than 160m. Some of the boreholes were instrumented for groundwater monitoring 

purposes. Since that time, Banks have drilled a further 43 boreholes to a maximum depth of 

122m bgl. Six piezometers (nos. PZ1 to PZ6) were also installed at this time. The borehole data 

have been used to determine the geological structure, the coal reserves, the thickness and nature 

of the overburden and the lateral and vertical extent of the proposed excavations.  
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 A geotechnical site investigation has been carried out by Allied Exploration & Geotechnics Ltd. 

(AEG). This comprised a total of 15 boreholes on 13 locations, together with a programme of 

soil laboratory testing.  

 

 Reference has been made to the following plans and documents have been prepared or provided 

by Banks: 

  

OS topographic and other details; 

 1/15,000 scale Composite Working Method Plan (Dwg. No. HJB/BA795/PA06); 

 1/15,000 scale Phasing Plans (Dwg. Nos. HJB/BA795/PA7 to PA11); 

 1/15,000 scale Restoration Strategy Plan (Dwg. Nos. HJB/BA795/PA13); 

1/2500 scale Drift Thickness Plan;  

1/2500 scale Rockhead Contours Plan; 

1/2500 scale Structure Contour Plan for the Ashington (4D00) seam; 

1/2500 scale Structure Contour Plan for the High Main or Diamond (E000) seam; 

1/2500 scale Structure Contour Plan for Top Main (F200) seam; and 

1/2500 scale Structure Contour Plan for Bottom Yard (G100) seam. 

  

2.4 Coal Authority 

 

Relevant copies of the 1/2500 scale Abandoned Mine Plans and 1/10,560 scale Old Workings 

Plans have been obtained from the Coal Authority. Extracts of the 1/10,560 scale plans are 

presented in Appendix A.  

 

2.5 Ordnance Survey 

 

 The early editions of the 1/2500 and 1/10,560 scale OS plans have been inspected to determine 

the location of any mine openings not recorded by the Coal Authority and the BGS. None has 

been found on the site.  
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3. GEOLOGY 

 

3.1 Geological Succession 

 

3.1.1 Superficial Deposits 

 

3.1.1.1 Made Ground 

 

 Areas of backfilled opencast workings are present in the northern and north-eastern parts of the 

site (Section 3.3.1). The deposits comprises a heterogeneous mixture of partly remoulded, soft to 

firm, silty sandy, gravelly clay and silt to boulder sized, angular to subangular fragments of 

mudstone, siltstone, sandstone and seatearth. The materials were loose tipped, but will have 

undergone significant self-weight compaction since their placement. They range in thickness 

from 6 to 58m.  

 

3.1.1.2 Glacial Deposits 

  

 The BGS 1/50,000 scale Geological Maps record that apart from the areas affected by historic 

surface mining, Highthorn site is covered by Devensian glacial till or, ‘boulder clay’. This has 

been confirmed by exploratory drilling and the site investigations carried out by AEG. The 

1/2500 scale Drift Thickness Plan shows that the deposits range in thickness from 7.50 to 28.25m 

and that they generally thicken towards the north and south-east due to the presence of infilled 

glacial or en-glacial channels. The deposits extend well beyond the site boundary. 

  

3.1.2 Bedrock Strata 

 

 The proposed excavations will extend from above the Ashington (4D00) coal seam to the base of 

the Bottom Yard (G100). Details are shown on the Generalized Vertical Section (Figure 2). The 

strata form part of the Pennine Middle Coal Measures of Upper Carboniferous age. They 

comprise interbedded silty mudstones, siltstones, sandstones, seatearths and coal seams. None of 

the strata is exposed on the site. There are a number of rocky exposures along the coast to the 

south-east, but these are of sequences at higher levels in the succession. 

 

3.2 Geological Structure 

 

 The BGS 1/63,360 and 1/50,000 scale Geological Maps show that the Northumberland Coalfield 

is traversed by a number of NW-SE, WSW-ENE and NE-SW trending faults. Greater detail is 

recorded on the 1/10,560 and 1/10,000 scale Geological Maps.  

  

 The geological structure at Highthorn site is dominated by the Grange Moor Fault (Figure 3) 

which is now referred to as the Stobswood Fault by the BGS. This is one of the major WSW-

ENE faults that traverse the coalfield. It extends across the northern part of the proposed 

excavation area and downthrows to the south by up to 45m. The downthrown strata dip towards 

the east, south-east and north-east at between 1v in 56h (1.0°) and 1v in 12h (4.8°). 
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3.3 Mining History 

 

3.3.1 Surface Mining 

  

 Copies of the abandonment plans for the former Druridge, Radar South and Wallis surface mines 

have been obtained from the Coal Authority and a summary of the recorded details is given in 

Table 1. The location of the backfilled excavations is shown on the 1/10,560 scale Old Workings 

Plans, extracts of which are presented in Appendix A. 

 

Site Name, Drawing Ref. No. 

and Coaling Dates  
Notes 

Druridge (OE/COMP/02/173) 

Coaling from 17th September 1951 to 20th 

January 1954. 

Coal recovered from the Top Yard Top Leaf or Top Ulgham 

(G230), Top Yard (G210) and Bottom Yard (G120/G110). 

Radar South (OE/COMP/02/190) 

Coaling from September 1954 to March 1956. 

Coal recovered from Top Yard Top Leaf or Top Ulgham 

(G230), Top Yard (G210), Bottom Yard (G120/G110), Top 

Bensham (H200), Bottom Bensham (H100), Little Wonder 

(J300/J200), Top of Radar (J100), New of Radar (K200), Main 

of Broomhill (K100). 

Wallis (OE/COMP/02/190) 

Coaling from July 1951 to March 1954. 

 

Table 1 Summary of Details Shown on Surface Mine Abandonment Plans 

 

 Site investigations have confirmed that the backfill is largely confined within the areas shown on 

the abandonment plans, though some has been spread during the course of the restoration works. 

 

3.3.2 Underground Mining 

 

Records show that there are abandoned underground workings in the Ashington (4D00), High 

Main or Diamond (E000), Top Main (F200), Yard (G210/G120), Bottom Yard (G120/G110) and 

Little Wonder (J300/J200) seams within the site boundary. The workings extend from the former 

Linton, Ellington and Ferneybeds Collieries (Figure 3, Appendix A). The proposed excavations 

have been designed to avoid the more intensely worked areas and will not extend to the Little 

Wonder (J300/J200) seam.  

 

Uncharted workings have not been found in any of the exploratory boreholes and it is therefore 

highly unlikely that any are present on the site. 

 

There are no recorded mine openings on the site and no unrecorded structures have been found. 
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4. DEVELOPMENT PROPOSALS 

 

 Details of the proposed surface mine development are shown on the 1/15,000 scale Composite 

Working Method Plan (Dwg. No. HJB/BA795/PA06) and 1/15,000 scale Phasing Plans (Dwg. 

Nos. HJB/BA795/PA07 to PA11). The development will entail the removal and reinstatement of 

the upper reaches of Hemscott Burn which extends across the south-eastern part of the site. 

 

 Mining operations will commence with the stripping of soils in the excavation and overburden 

storage areas; the construction of water treatment lagoons; and the establishment of the site 

infrastructure. The topsoil will be deposited in discrete visual and acoustic screening mounds of 

not more than 6m in height (nos. TSM1 to TSM9), the majority of the material being deposited 

along the western and south-eastern perimeters of the site. Subsoil mounds will be constructed to 

the north-west, north-east and south of the excavation area (nos. SSM1 to SSM7 and SM11). 

These will reach a maximum height of 10m. Drift material will also be deposited at a maximum 

height of 11m to form a screening mound (mound no. DRM1) along the eastern perimeter. The 

outer slopes of the mounds will be formed at not greater than 1v in 2h (26.6°).  

 

 A boxcut will be formed in the northern part of the excavation area. The overburden will be 

placed in a storage mound located in the northern part of the site. This will reach a maximum 

height of 25m and will have outer slopes of not greater than 1v in 2h (26.6º). The excavations 

will progress in a southerly direction by developing a succession of WNW-ESE oriented cuts. 

The exhausted workings will be backfilled, but overburden will continue to be placed above 

ground, firstly in the northern storage mound, but then in a second one that will be formed in the 

western part of the site. This will reach a maximum height of 27m and will again have outer 

slopes of not greater than 1v in 2h (26.6°).  

 

 The final void will be formed in the southern part of the site and will be backfilled using the 

overburden stored above ground. The soils will be replaced and the watercourse re-instated as 

part of the restoration works. The excavations will extend up to 71m below ground level (bgl). 
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5. HYDROGEOLOGY 

 

5.1 General 

 

Mine gas is not insoluble in water, but its solubility is relatively low. The oxidation and 

weathering processes that normally give rise to the accumulation of stythe will be prevented if the 

old workings are flooded. The large scale dewatering of old workings can obviously create a 

suitable environment for the formation of stythe despite its relatively low production rate. 

However, it may allow the migration of gas from other areas. Conversely, groundwater recovery 

can result in its displacement, especially after extended periods of drawdown. 

 

Attention is drawn to the Hydrological and Hydrogeological Assessment (DAB Geotechnics Ltd., 

2015) which provides an account of the hydrogeology of Highthorn site. A summary is provided 

below.  

 

5.2 Superficial Cover 

 

5.2.1 Glacial Deposits 

  

 The hydrogeology of the glacial deposits at Highthorn site can be summarized as follows: 
 

(i) the presence of downward drainage profiles and the development of near surface 

negative pore pressures during periods of prolonged dry weather; 

 

(ii) under-drainage because the groundwater in the bedrock lies at a lower level due to 

historic drawdown; and 

 

(iii) localized accumulations of perched groundwater where there are uncommon, discrete 

layers of silt, sand and gravel confined within less permeable glacial till.  

 

 Under-drainage has been present in the Highthorn area for at least one hundred years due to the 

widespread development of underground coal workings and the associated pumping operations. 

The groundwater is still drawn down despite the closure of the last remaining colliery at Ellington 

in 2005 (Figure 3). 

 

 Glacial till has a very low conductivity (typically less than 10-9 m/s) despite the common 

occurrence of fissuring at or close to ground surface.  

 

5.2.2 Made Ground 

 

 The hydraulic conductivity of the surface mine backfill will be variable owing to the 

heterogeneous nature of the material, but it could fall within the range 10-4 to 10-6 m/s because of 

the long term effects of self-weight compaction and consolidation. Infiltrating surface water can 

sometimes accumulate along the interface with the underlying in situ bedrock. Perched systems 

may also form where layers of predominantly cohesive material are present.  
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5.3 Bedrock Strata 

 

5.3.1 General 

  

 Groundwater flow in undisturbed Coal Measures strata is almost exclusively controlled by natural 

joints and fissures. The hydraulic conductivity generally ranges from 10-6 to 10-7 m/s, but the 

interbedded nature of the succession gives rise to strong anisotropy. Vertical conductivity is 

typically one or two orders of magnitude lower than for horizontal flow.  

 

The hydraulic properties of the strata are radically changed by the presence of old workings. This 

is due to the following factors: 

 

(i) the presence of open voids along which groundwater can flow quite freely; 

 

(ii) brittle failure and the creation of a large number of fractures where the roof strata have 

failed; and  

 

(iii) the dilation of natural joints and the separation of bedding planes due to the collapse of 

the underlying strata. 

 

 Some of the land on and around the site has been extensively undermined. The 1/10,560 scale 

Old Workings Plans (Appendix A) show the degree and extent of coal extraction in a number of 

coal seams. The workings are interconnected by shafts and cross-Measures drifts and 

consequently the effects of mine water abstraction are far reaching.  

 

5.3.2 Colliery Pumping Operations 

  

 Large scale abstraction in the Northumberland Coalfield has shown that the groundwater is 

compartmentalized or partly confined by the major WSW-ENE faults (i.e. the Causey Park, 

Grange Moor and Stakeford Faults, Figure 3). Substantial hydraulic gradients can develop across 

the faults because groundwater flow is restricted. However, there is always some measure of 

leakiness which may be enhanced by the presence of mine workings.  

 

 There is direct interconnection of the old workings located within the area bounded by the Grange 

Moor and Stakeford Faults. Large scale dewatering was undertaken to protect mining operations 

at each of the collieries, but as these were closed, the task fell upon fewer centres of production. 

Eventually, coal was only mined at Ellington Colliery. Pumping was continued at inland 

locations until 1992, after which greater attention was focused on the protection of offshore 

workings. Despite these changes, drawdown continued to extend over a very wide area and to a 

much lesser extent beyond the two confining faults. 
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Ellington Colliery closed in February 2005 and all pumping operations were terminated in 

August of that year. Groundwater recovery is now occurring in the bedrock: through Ashington 

and Pegswood to the south; northwards through Highthorn site; and as far as Pegswood, Linton 

and Longhirst in the west. The effect will be partly confined by major faults and by unworked 

strata to the west (i.e. beyond the outcrop of the Brockwell (T) seam shown in Figure 3). 

 

The Coal Authority has been advised that some measure of drawdown will have to be maintained 

in the area bounded by the Grange Moor and Stakeford Faults to prevent the discharge of mine 

water at inland locations (International Mining Consultants/White Young Green, 2000 & 2005). 

An abstraction well has therefore been established at the former Lynemouth Colliery site (Figure 

3) with the intention of controlling the water levels at about 34m below OD. The water is being 

treated prior to its discharge into the North Sea in accordance with an Environment Agency 

permit. 

 

5.3.3 Groundwater Levels on the Site 

 

A number of piezometers have been installed on Highthorn site to assess the groundwater 

conditions. Most of the installations were established when the site was investigated by British 

Coal, but a further six (nos. PZ1 to PZ6) have been constructed to target the seams that will now 

be excavated. Details of the installations are summarized in Table 9 of the Hydrological and 

Hydrogeological Assessment (DAB Geotechnics Ltd., 2015) and their locations are shown in 

Figure 4.  

 

Many of the older monitoring installations have been damaged or removed, but a number are still 

being monitored. These show that there is a significant difference in groundwater levels across 

the Grange Moor Fault, but that recovery is occurring on both the upthrow and downthrow sides 

throughout the bedrock succession.  

 

The monitoring records for piezometer nos. PZ1 to PZ6 are presently too short to positively 

identify any particular trends or responses. However, recovery is likely to be occurring in the 

Diamond (E000), Top Main (F200) and Bottom Yard (G100) seams and will continue until such 

time that the Coal Authority’s pumping operations are fully established. Table 2 shows the 

current level of groundwater in the seams and the workings that lie within them. The proposed 

minimum excavation levels show how far the groundwater will have to be drawn down to allow 

the safe recovery of the coal reserves.    

 

Seam/Old Workings 

Horizon 

Recorded Groundwater  

Level (m AOD) 

Proposed Minimum Level of 

Excavation (m AOD) 

Ashington (4D00) 

Diamond (E000) 

Top Main (F200) 

Bottom Yard (G100) 

NA 

-26.50 

-40.00 

-48.00 

-25.00 

-34.00 

-40.00 

-63.00 

 

Table 2 Recorded Groundwater Levels and Proposed Minimum Levels of Extraction 
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 Figures 5, 6, 7 and 8 show the extent of the mine workings and the extent of flooding in each of 

the seams, and the level to which dewatering is required. It has been assumed that the 

groundwater conditions in the Ashington (4D00) seam are identical to those in the underlying 

Diamond (E000). The level of flooding is unlikely to be any lower. 

 

The groundwater in the old workings could be abstracted by pumping at the site. However, talks 

have been held with the Coal Authority with a view to creating further drawdown at its 

Lynemouth pumping station and thereby reduce the levels at Highthorn. This is the preferred 

strategy, though some groundwater will still be encountered when the Grange Moor Fault is 

exposed along the northern margin of the proposed excavations. 
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6. MINE GAS 

 

 Any mine atmosphere can be represented as having three components: fresh air, combustible 

gases (methane, hydrogen and carbon monoxide) and excess inert gases (nitrogen and carbon 

dioxide) (British Coal, 1990). A technical background is provided in Appendix B. 

 

 The explosive effects of methane or, ‘firedamp’, are perhaps more familiar to the general public 

owing to the number of fatal accidents that have occurred at working collieries. Measures have 

been taken to dramatically improve safety over the years. It should be borne in mind that the 

emission of methane and other hydrocarbon gases from coal deposits is a natural phenomenon. 

The emission rates are usually at their greatest where it is being extracted. The gaseous mixtures 

found in abandoned mine workings are not characterized by high concentrations of methane. 

 

 ‘Blackdamp’, or, ‘stythe’, predominantly comprises carbon dioxide and nitrogen and is the 

product of the relatively slow process of coal oxidation. Oxygen levels are progressively depleted 

in underground workings unless ventilation is maintained. Large volumes of stythe may therefore 

accumulate where they have been abandoned. The gaseous mixture can be displaced if 

groundwater levels recover and the workings become flooded. The potential risks associated with 

mine gas emission have increased in many parts of the United Kingdom following the closure of 

collieries and the total or partial cessation of pumping operations.  

 

 Many incidents of mine gas emission are likely to remain unreported, as there is presently no 

systematic monitoring of coalfield areas. Robinson (2000) provides some examples from the 

Northumberland Coalfield. These have resulted in ill-health and in one instance a fatality. Most 

of these incidents relate to the presence of stythe.  

   

Groundwater recovery has already displaced some of the gas that has accumulated in the mine 

workings between the Grange Moor and Stakeford Faults. Concentrations will have risen because 

there will have been no ventilation since the collieries were closed. The Coal Authority has taken 

measures to safely drain the displaced gas at Ellington Colliery. Gas has also been observed to 

issue from one of the groundwater monitoring boreholes on Highthorn site. To date, no adverse 

effects have been reported. Displacement will cease when the groundwater levels are controlled. 

However, mine gas will continue to be drawn from the workings due to natural changes in 

atmospheric pressure. By far the majority of this gas will safely dissipate without ill effect. 
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7. MINE GAS RISK ASSESSMENT 

 

7.1 General 

 

Passive migration and dissipation of mine gas is occurring throughout the Northumberland 

Coalfield, and for the most part this does not pose a risk to the general public. Hazardous 

conditions are created where the gas is allowed to accumulate in enclosed spaces and where large 

volumes can migrate over a short timescale. Abandoned drifts and mine shafts represent potential 

migration pathways and their proximity to occupied dwellings may therefore pose a significant 

risk to health and safety. Conversely, the presence of thick deposits of glacial clay will inhibit or 

prevent the flow of gas from mine workings. 

 

7.2 Abandoned Mine Workings 

 

 Records show that there are abandoned underground workings in the Ashington (4D00), High 

Main or Diamond (E000), Top Main (F200), Yard (G210/G120), Bottom Yard (G120/G110) and 

Little Wonder (J300/J200) seams within the site boundary. These extend over a wide area 

towards the former Ellington, Linton and Ferneybeds Collieries. All of the workings will act as a 

potential source of mine gas where they are not already flooded. The overlying strata are 

variously broken and fractured and will allow the migration of gas. 

 

7.3 Mine Openings 

 

 Disused mine shafts and drifts may provide suitable pathways for migrating mine gas. However, 

there are no mine openings on the site.  

 

 The Coal Authority has carried out extensive grouting work to stem mine gas migration around 

the drift entrance and shaft near, ‘Ramsey’, on Mile Road (i.e. adjacent to Ferneybeds Colliery, 

Figure 3). The dwelling lies in an area where the Bottom Yard (G120/G110) workings are 

already dewatered and will remain so when the Coal Authority fully establishes its pumping 

operations at Lynemouth. They will not be impacted by any changes in water level at Highthorn 

site. There have been no reports of any problems at this location since the remedial works were 

undertaken. It lies approximately 1km to the west of the proposed excavations, far beyond the 

likely zone of influence of any lateral de-stressing of the strata. The integrity of the grout seals 

will therefore not be compromised. 

 

 There have been no reports of any adverse effects around any of the other disused mine openings 

that lie beyond the Highthorn site boundary. However, these may well be acting as gas conduits 

dependent on the treatment measures that were undertaken when they were abandoned. The 

proposed development will not change this situation nor will it, for the reasons set out in Section 

7.5, increase the flow of gas. The risks and consequences of any gas migration at these locations 

will remain the responsibility of the Coal Authority. 
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7.4 Superficial Cover 

 

Exploratory drilling has shown that apart from the areas of surface mine backfill located in the 

northern and north-eastern parts of the site, there is a thick cover of glacial till of low 

conductivity. The deposits are known to extend beneath Houndalee Farm and Houndalee 

Cottages to the north-west; Highthorn Farm to the south; and Hemscott Hill Farm in the east. 

Mine workings are shown to extend beneath or close to these properties, but the superficial cover 

will protect them from any migrating gas. Moreover, Figures 5, 6, 7 and 8 show that the 

workings beneath Hemscott Hill Farm are flooded and will remain so during the operation of the 

site. Properties at Druridge and High Chibburn have not been under-mined. 

 

Surface mine backfill has a higher conductivity than in situ deposits of glacial till. However, 

none of the backfill areas on the site or on land to the north, north-west and north-east (i.e. the 

former Druridge, Wallis and Radar South sites, Appendix A) has been used for residential 

development. The deposits are founded on unworked strata and remain as agricultural land. If 

any mine gas has migrated into the backfill, it can safely dissipate in the atmosphere.  

  

7.5 Surface Mining Operations and Groundwater Conditions 

 

Monitoring has confirmed that groundwater levels are drawn down because of historic pumping 

operations at the former Ellington Colliery, but they are now rising and will continue to do so 

until the process is stopped by the Coal Authority’s pumping operations at Lynemouth. Mine gas 

is being displaced, but the risks and consequences are the responsibility of the Coal Authority. To 

date, there have been no reports of any adverse effects. 

 

Some of the coal reserves on Highthorn site are located in areas where the coal is either unworked 

or the workings are already dewatered by historic drawdown. Complete inundation of the 

workings will not occur because the Coal Authority will ensure that the water levels are 

controlled at about 34m below OD. This is necessary to prevent uncontrolled discharges of mine 

water inland. 

 

Figures 5, 6, 7 and 8 show that some measure of dewatering will be required to allow the safe 

and efficient recovery of the coal reserves at Highthorn site. If this is achieved on a localized 

basis, by pumping from the excavations, it is unlikely to lead to any adverse impact on the mine 

gas regime. Significant volumes of gas are unlikely to be generated within the limited areas of 

workings that will be dewatered given the relatively short timescale that the coal pillars will be 

exposed and allowed to oxidize. Those that are exhumed in the excavations will be removed as 

part of the coal recovery process and any gas present will safely dissipate in the atmosphere. The 

area to the south-east of the site comprises agricultural land and the few dwellings that are present 

are founded on glacial clay. If localized dewatering is not undertaken and additional pumping is 

carried out by the Coal Authority, as is the preferred option, the reduction in water levels will be 

felt in areas that lie well beyond the site boundary. Given that no ill effects have been reported 

during the extended period of recovery that has occurred since 2005, it is very unlikely that a 

temporary and relatively minor reduction in water levels will create an unacceptable risk to the 

general public. Even so, the consequences of any such risk will rest with the Coal Authority.    
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There have been no injuries, fatalities or serious incidents associated with mine gas at UK surface 

mines. Nevertheless, a strict code of safe working practice will be implemented at Highthorn site. 

Mine workings will not be entered until such time that they have been fully exposed for the 

purposes of coal recovery. Particular care will be exercised during, ‘sharp’, falls in atmospheric 

pressure as these can induce the upward migration of mine gas (see Appendix B).  

 

7.6 Post-Restoration Conditions 

  

 The proposed surface excavations will be backfilled as the coal reserves are recovered. The 

backfill materials will have a higher conductivity than some of the existing overburden. This may 

allow gas to migrate from workings that lie beyond the excavation area where they remain 

dewatered. However, the site will not be subject to residential development. It will be restored to 

agriculture with areas of woodland and ecological interest. Any migrating mine gas will safely 

dissipate in the atmosphere. Members of the public will not be placed at risk.  

 

 The groundwater will recover to a level determined by the Coal Authority. The responsibility for 

the risks and consequences of mine gas migration will remain with the Authority.   

 

7.7 Recommended Safety Measures 

 

7.7.1 Within the Site Boundary 

 

It is not thought that any specific safety measures are required on the site during its operation 

apart from the implementation of the site rules (i.e. those already in place at other sites operated 

by H. J. Banks Mining Ltd.). Mine workings will not be entered unless they have been properly 

exposed for the purposes of coal recovery. Any cross-Measures drifts or unrecorded mine 

openings that are encountered on the site and cannot be removed by excavation will be treated in 

accordance with a specification agreed with the Coal Authority. Suitable examples are given in 

NCB (1982) and Healy and Head (1984). Precautions will be taken during any treatment works to 

protect site personnel (e.g. the deployment of gas detection equipment). Particular attention will 

be paid during or following any, ‘sharp’, falls in barometric pressure (as defined in the Appendix 

B), as these might lead to an increase in gas concentration. Relevant information can be provided 

by the Meteorological Office and warnings issued of impending adverse weather conditions.  

 

7.7.2 Outside the Site Boundary 

 

The possibility that observable mine gas emissions may occur outside the site boundary during its 

operation cannot be ruled out, but these will most likely be the result of changes that are beyond 

the control of Banks. They will remain the responsibility of the Coal Authority. In the unlikely 

event that any such incidents are reported to Banks, the Authority will be contacted immediately 

and support provided if requested. 

 

It is not thought that there is a specific need for the installation of oxygen deficiency and carbon 

monoxide monitors on or adjacent to the site, but in order to allay any public concerns Banks may 

wish to install them at Hemscott Hill and Highthorn Farms. 



 Highthorn Surface Mine - Mine Gas Risk Assessment 

DABGeot/09059MG/Final 

  

16 

  

 

8. SUMMARY 

 

1. H. J. Banks Mining Ltd. has identified shallow coal reserves at its Highthorn site in 

Northumberland and intends to recover these by surface mining methods. The site will be 

worked in a progressive manner. The excavations will be extended to the Bottom Yard 

(G110) seam and will encounter abandoned mine workings. 

 

2. A detailed examination has been made of all the relevant plans and reports published by the 

British Geological Survey, or prepared by or on behalf of Banks, the National Coal Board, 

British Coal and the Coal Authority. Early editions of the OS maps have also been inspected.  

 

3. Abandoned mine workings are recorded in the Ashington (4D00), Diamond or High Main 

(E000), Top Main (F200), Yard (G201/G120), Bottom Yard (G120/G110) and Little Wonder 

(J300/J200) seams within and adjacent to the site. There are no uncharted workings and no 

mine openings (i.e. shafts and drifts) on the site.  

 

4. A number of piezometers have been installed at Highthorn site to determine the groundwater 

levels. These are drawn down by historic pumping at the former Ellington Colliery, but 

substantial recovery has occurred in recent years and will continue until they are controlled 

by the Coal Authority’s pumping operations at Lynemouth. Some measure of dewatering will 

be required at the site to allow the safe and efficient recovery of the coal reserves. If this is 

undertaken by pumping from the excavations, the effect will be very limited and short lived. 

Additional volumes of mine gas are unlikely to be developed in the time that the coal will be 

exposed before it is excavated and the area backfilled. No other worked seams will be 

affected other than those encountered in the surface excavations. Consequently, it is unlikely 

that gas will migrate in a manner that will place members of the public at risk. If the 

groundwater is drawn down by further pumping by the Coal Authority at Lynemouth, as is 

the preferred option, mine workings that lie well beyond the site boundary will be affected. 

Again, it is not thought that members of the public will be placed at undue risk bearing in 

mind the changes in water level that have occurred since Ellington Colliery was closed, but 

the responsibility for any consequences will rest with the Authority. 

  

5. All the occupied dwellings around the site are founded on glacial clay which has a very low 

conductivity and as such prevents or inhibits the migration of mine gas. This protective cover 

has been removed where historic surface mining has been carried out and has been replaced 

by backfill of a higher conductivity. However, none of the backfilled excavations that lie on 

or adjacent to the site has been used for building development and any mine gas that is 

present can continue to safely dissipate in the atmosphere. Similarly, the proposed site will be 

restored to agriculture with areas of woodland and ecological interest. Members of the public 

will therefore not be placed at risk.  

 

6. Any gas that is encountered in the surface excavations will safely dissipate in the atmosphere. 

The health and safety of site personnel and members of the public will not be compromised. 
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7. It is not thought that there is any requirement for the installation of oxygen deficiency and 

carbon monoxide monitors at properties located around the site, but the operator may wish to 

locate them at Hemscott Hill and Highthorn Farm to allay any public concerns. Otherwise, 

the risks posed by mine gas as a consequence of the proposed surface mine development are 

considered to be very low. 

 

8. It is highly unlikely that any landfill gas will be encountered in the surface excavations as 

there are no deposits of putrescible waste on the site or within a distance that lateral 

migration is feasible. 
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Figure 1 Site Location 

DAB Geotechnics Ltd. Highthorn Surface Mine - Mine Gas Risk Assessment  Date: 16th May 2015 
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Figure 2 Generalized Vertical Section 

DAB Geotechnics Ltd. Highthorn Surface Mine – Mine Gas Risk Assessment Date: 16th May 2015 
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Figure 4 Location of Groundwater Monitoring Boreholes 

DAB Geotechnics Ltd. Highthorn Surface Mine – Mine Gas Risk Assessment Date: 16th May 2015 
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Figure 5 Groundwater Levels in the Ashington (4D00) Seam 

DAB Geotechnics Ltd. Highthorn Surface Mine – Mine Gas Risk Assessment Date: 16th May 2015 

 

Outcrop 

Limit of Excavation 

in Seam 

Site Boundary 

Required level of 

dewatering -24m AOD 

Present water level -26m AOD 

Maximum  

Excavation Line 



Highthorn Surface Mine - Mine Gas Risk Assessment 

DABGeot/09059MG/Final 

 
 

 

 

 

 
 

Reproduced with the Permission of Controller of H. M. Stationery Office © Crown Copyright. All rights reserved. Licence No. 100052240 DAB Geotechnics Ltd. 

Figure 6 Groundwater Levels in the Diamond or High Main (E000) Seam 

DAB Geotechnics Ltd. Highthorn Surface Mine – Mine Gas Risk Assessment Date: 16th May 2015 
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Figure 7 Groundwater Levels in the Top Main (F200) Seam 

DAB Geotechnics Ltd. Highthorn Surface Mine – Mine Gas Risk Assessment Date: 16th May 2015 
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Figure 8 Groundwater Levels in the Yard (G200/G100) Seam 

DAB Geotechnics Ltd. Highthorn Surface Mine – Mine Gas Risk Assessment Date: 16th May 2015 
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APPENDIX A 

 

Extracts of 1/10,560 Scale Old Workings Plans  
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MINE GAS – TECHNICAL BACKGROUND 

 

1. FLAMMABLE GAS 

 

 Methane is present in coal as a free gas in the fissures, cracks and pores, and is adsorbed and 

partly absorbed on the coal surface. It is estimated that 30m3 of methane can be evolved from 1 

tonne of excavated coal (Staff et al, 1989) because of its large internal surface [approximately 

100 m2/g (Duel and Kissell, 1971)]. The gas can be derived not only from workable seams, but 

also from coal bearing inter-seam strata. It is slightly soluble in water and lighter than air (vapour 

density 8 g/cm3; vapour density of air 14.4 g/cm3.) 

 

 Mining releases the majority of the methane gas stored in the coal and it then enters the galleries 

and roadways, together with the broken roof strata. Roof collapse may extend in height some 3 to 

10 times the thickness of the extracted seam (Tinscelin, 1958; Walton and Taylor, 1977; 

Whittaker and Reddish, 1989; Garrard and Taylor, 1988; Piggott, Wardell and Eynon, 1977; 

Piggott and Eynon, 1978; Healy and Head, 1984), but this depends on the nature of the overlying 

strata; the depth below ground surface; the method of extraction; and the width of the galleries or 

openings. Void migration may be arrested by the presence of competent strata (e.g. a thick bed of 

sandstone). A further zone, in which there is bed separation and joint dilation, overlies the broken 

strata and may be up to 200m thick. Joint dilation will also occur beneath the extracted seam and 

further zones of increased permeability will be present where tensile stresses have been created 

by subsidence. The intersection of faults, boreholes, shafts and cross-Measures drifts may allow 

further migration between the strata and, ultimately, ground surface. 

 

 Coal seams that are mined by room and pillar generally release less gas than those extracted using 

longwall methods. The rate of desorption of methane is relatively slow and old workings may 

therefore remain as a significant source of mine gases for centuries. However, this will depend on 

the depth of cover and the chemical composition of the coal (i.e. the coal rank).  

 

 ‘Firedamp’, mainly comprises methane (typically 80 to 95% by volume), together with other 

hydrocarbon gases such as ethane and propane. Methane can also be a common constituent of 

groundwater and events such as the Abbeystead disaster have shown that it can present a major 

hazard. The solubility of methane in water is expressed by the following equation: 
  

 % Methane in air = 3.417 x 102 Q/P,  

where Q is the dissolved methane content of water (mg/l) and P is the absolute pressure in kN/m2. 
 

 In a worst case situation, where an unlimited quantity of water flows through an unventilated air-

tight chamber at atmospheric pressure, an explosive mixture of 5% methane would accumulate if 

the water contained only 1.5 mg/l of dissolved methane (Creedy, 1989). Regional flow patterns 

need to be assessed and these should take into account areas of water discharge and recharge in 

cases where gases are dissolved in groundwater.  

  

 Methane may be oxidized aerobically to carbon dioxide by bacteria in the presence of free 

oxygen, or anaerobically in association with sulphate reducing bacteria. The latter mechanism is, 

however, little understood.  
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 Carbon monoxide and hydrogen are produced by the oxidation or thermal decomposition of coal 

and wood. These gases can also form a flammable mixture. Methane/air, hydrogen/air and carbon 

monoxide/air mixtures, which continue to burn without external assistance, fall between two 

limiting compositions: the upper and lower explosive or flammability limits. In fresh air, the 

flammability limits are: 

 

Hydrogen    4.0 - 74.0% 

Carbon Monoxide 12.5 - 74.0%    

Methane                 5.0 - 14.0% 

 

 In atmospheres with proportionately less oxygen, the lower and upper flammability limits 

converge (in particular, the upper limit decreases) until a, ‘nose limit’, is reached at which no 

mixture containing less oxygen will be flammable. These relationships can be expressed in terms 

of, ‘Coward Triangles’, (Coward and Jones, 1952) for each gas. When all three gases are present, 

the flammability triangle is intermediate between those of the individual pure gases. 

 

2. TOXIC GAS 

  

 Carbon monoxide is formed by the combustion of carbon based materials in a limited supply of 

air. It is not only explosive, but also very toxic. The gas forms carboxyhaemoglobin in the blood 

stream, starving the essential organs of oxygen and giving it a distinct blue colouration. It has an 

Occupational Exposure Standard of 0.03% (300 ppm) short term (10 minutes) and 0.005% 

(50ppm) long term (8 hours) (HSE, 1991).  

 

 The detection and routine measurement of carbon monoxide continues to be the principal means 

of determining the presence of heating and spontaneous combustion in working mines. However, 

much lower concentrations are evolved by the natural oxidation of coal, even at relatively low 

temperatures. This accounts for the background levels observed in most operating collieries, 

which Chamberlain (1970) has observed typically range from about 1 to 10ppm. Higher 

concentrations are likely to form in old workings where there is no ventilating air current and no 

obvious migration pathway. Fortunately, the vapour density (14 g/cm3) is slightly lower than that 

of air and this precludes the formation of dense, colourless layers of gas, as in the case of carbon 

dioxide.   

 

 Underground fires in UK coal mines are not a common occurrence. This is largely due to the 

preventative measures that are taken by operators. However, fires can still occur in highly 

mechanized mines and attention is drawn to the well documented events at Lynemouth Colliery 

during the period 1963 to 1966 (Riddell, 1970). Nevertheless, there are few records of any fire 

affected strata having been exposed in surface mines. The most notable exceptions are those sites 

where workings in the Staffordshire Thick have been encountered. This seam was particularly 

prone to combustion. Exploratory drilling has shown that there is no evidence of historic 

combustion at Ferneybeds site.  

 

 



Highthorn Surface Mine - Mine Gas Risk Assessment 

DABGeot/09059MG/Final 

 

B3 

 

3. SUFFOCATING GAS 

 

 Mine gases that can give rise to suffocation are methane and, ‘blackdamp’, or, ‘stythe’, a mixture 

of carbon dioxide and nitrogen. None of these gases is poisonous. Stythe is created by the slow 

oxidation of coal exposed in old workings. Oxygen is absorbed and this leads to the formation of 

water and carbon dioxide. The relative proportions of oxygen and carbon dioxide can vary 

considerably in mine workings (Hendrick and Sizer, 1992), but the intensity of the reactions 

decreases with time. ‘Mature’, undiluted stythe contains little or no oxygen. Dangerous 

conditions (i.e. less than 17% oxygen by volume) can be created where there is confinement or 

insufficient ventilation.  

 

 Carbon dioxide has an Occupational Exposure Standard of 1.5% (15,000 ppm) short term and 

0.50% (5,000 ppm) long term (HSE, 1991). The vapour density is 22 g/cm3 and it is therefore 

heavier than air, although low pressure weather conditions can result in its migration. 

 

 Stythe is relatively insoluble and can therefore be displaced by rising groundwater. 

 

4. MINE GAS EMISSIONS AND ATMOSPHERIC PRESSURE 

 

 Underground workings can act as a, ‘reservoir’, for mine gases. These gases can migrate along 

joints, fractures, and man-made structures such as shafts and adits. The rate of migration will 

depend upon the atmospheric pressure at the ground surface. Should atmospheric pressures fall 

slowly, then there will be a gradual displacement and dilution in air. However, high 

concentrations of gas will be emitted if there is a, ‘sharp’, fall. Colliery ventilation engineers have 

estimated that a 10mB fall in pressure will increase in the volume of gases displaced into a mine 

roadway by 1% (British Coal, 1990). 

 

 British Coal Technical Department (1990) define a sharp fall in atmospheric pressure as 

approximately 4 to 8 mB in 3 hours. A, ‘gradual’, fall is equivalent to a 4mB reduction over 

3hours, whereas a, ‘very sharp’, fall exceeds 8mB. It is likely that 30 sharp falls occur in the UK 

each year, though they will be more prevalent along the west coast. Most working collieries have 

arrangements through their local rescue stations to receive an early warning from the 

Meteorological Office.  

 

 




