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LoCAL background  

This report forms part of the output from the LoCAL (Low Carbon AfterLife: Sustainable Use 

of Flooded Coal Mine Voids as a Thermal Energy Source- a Baseline Activity for Minimising 

Post-Closure Environmental Risks) project, funded by the European Commission Research 

Fund for Coal and Steel, grant number RFCR-CT-2014-00001.  

The fundamental objective of LoCAL is to provide a number of technical, economic and 

management tools, aimed at overcoming barriers to the uptake of mine water in abandoned 

flooded coal mines as a source for heating and cooling (passively, or via the use of heat 

pumps). The project is divided into five Work Packages (WP) and a number of Tasks. 

 

UoG = University of Glasgow (UK), Alkane = Alkane Energy Ltd. (UK), NTU = Nottingham Trent University (UK), a subcontractor to 

Alkane; UoO = University of Oviedo (Spain), GIG = Central Mining Institute (Poland). Black boxes indicate Task Manager, grey indicate 

Task Participant. 

The LoCAL Project aims at providing bespoke tools for investigating flow and heat transfer in 

flooded mine workings. New tools for quantifying and modelling heat transfer in networks of 
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flooded mine workings are under development Another aim of the LoCAL project is to 

overcome the hydrochemical barriers to effective heat transfer from raw and treated mine 

waters. Ochre clogging is a well-known phenomenon which affects many mine water heating 

and cooling systems. The LoCAL project covers technical and engineering issues, and 

provides economic, legal and management models for efficient energy extraction and 

distribution of various types of decentralised and centralised heat pump.  

Project activities are being undertaken in mining areas of the UK by research organizations 

in partnership with industrial enterprises (University of Glasgow in partnership with Alkane 

Energy Ltd.), Spain (University of Oviedo, with HUNOSA as the industrial partner) as well as 

in Poland (Central Mining Institute, in partnership with Armada Development). 

This report aims to throw more light on the benefit/cost and energy efficiency from the mixing 

process. This task links to the Task 1.2 of the WP1. 

Main objectives of WP 4: 

 To find out how the COP of a system differs with a water level at different heights 

below the ground surface attending to a flooding process.  

 To quantify the mixing process and the effect on the efficiency (COP) in a system with 

the reinjection of used mine water,  

 To find out how the COP of large-scale system differs by the use of different heat 

exchanger and the economic impact of the WP2, advanced methods for preventing 

corrosion and incrustation affecting heat transfer. 

 To support with real data models for efficiency of energy extraction and distribution 

analysed on WP3. 

The objective of this Report is to fulfil the requirements of Deliverable 4.3 of LoCAL – Report 

on the findings of the study of field trials for the evaluation of dissolved gas partial pressures.  
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Summary of the deliverable 

Periodic sampling of mine water was carried and the equipment was inspected at frequent 

intervals to look for any signs of ochre acclamation. At Markham, the water is pumped and 

injected back into the same shaft, but at different level. Care has been take to see that mine 

water does not come in contact with the air. With the iron content being very low, even with a 

high dissolved oxygen content and low methane and carbon-di-oxide content, no clogging 

has been observed. At Caphouse, the mine water has higher amount of iron concentration 

than the Markham site and it is partially oxygenated in the shaft (even though the methane 

and carbon-di-oxide are present in higher concentration), causing ochre precipitation. The 

analysis of the samples collected from the two site indicate it. 

Markham 

Markham Colliery History and Configuration 

Markham Colliery, located just north of Bolsover, Derbyshire, UK, comprises four main 

shafts. The site (1.3285°W 53.2424°N) ('Burnside, et al., 2016). Three of those shafts were 

filled and capped. Two shafts (shafts No. 2 and 3) is now on the land occupied Alkane 

Energy. Since 1904, Markham colliery worked coal from several seams of the Westphalian 

Lower and Middle Coal Measures strata (Sheppard, 2005). Markham No. 3 shaft is the only 

one of the shafts that has not been backfilled, following abandonment in 1993. The shaft was 

brick-lined at 15 feet (4.6 m) diameter and was reportedly c. 490 m deep (HealeyHero, 

2016). Shaft no. 1 and 4, with which shaft no. 3 interconnected, reached the Blackshale coal 

at c. 630 m deep ('Burnside, et al., 2016). Markham colliery is part of a wider network of 

hydraulically interlinked abandoned collieries, including those at Arkwright (53.2296°N 

1.3633°W), Bolsover (53.2350°N 1.3116°W), Duckmanton (53.2447°N 1.3521°W) and 

Ireland, Staveley (53.2626°N 1.3456°W). Markham No 3 Shaft was left largely open, 

following abandonment, with a hydraulically open plug at the level of the Ell seam (-357 m 

asl), to allow venting of mine gas, see Figure 1 
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Figure 1: Schematic of the Markham colliery complex 

 

Figure 2: Google map image of Markham, Alkane energy 

26 May 2017
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Mine water pumping regime from shaft number 3, Markham. 

From 2012, water was pumped from 235 m below ground level (bgl) in the shaft at c. 15°C 

and 2-3 L/s, through shell and tube heat exchangers coupled to a 20 kW heat pump, to 

supply space heating to Alkane’s commercial offices. The thermally spent (cool) water was 

returned to the same shaft at c. 250 m bgl at around 12°C. In January 2015, taking 

advantage of rising water levels, the pump was repositioned at 170 m bgl, and the reinjection 

diffuser at 153 m bgl. See  Figure 3 

 

Figure 3: Schematic of the Markham No. 3 Shaft ‘standing column’ heat extraction arrangement, with rise 

in water level plotted ('Burnside, et al., 2016) 
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Table 1: Details of the water samples collected at Markham (Burnside, Banks and Boyce, 2016; 'Burnside, 

et al., 2016) 
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Table 2: Details of the water samples from different sites in UK (Banks, et al., 2017) 
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Caphouse  

Caphouse colliery, where the system has been implemented, is now a part of the National 

Coal mining museum for England, where part of the underground galleries have now been 

converted into a museum and is open to the public. The underground galleries has to be kept 

dry and safe for the visiting public and for this reason dewatering pumps are employed to 

pump out the water. Unfortunately, the energy from this relatively warm water was not 

utilised efficiently despite the need for significant heating demands for the buildings of the 

museum. The mine water in that location has an iron content of circa 15 mg/l and is partially 

oxidised in the pumping shaft. The pumped water is ochre rich and undergoes passive 

treatment using several settling tanks and reed beds to remove the ochre before discharging 

it into a water stream. See Figure 4 Google satellite image of the water treatment tanks 

where the orange colour due to ochre is clearly visible. 

 

Figure 4: Google map image of the Caphouse site. 

12



 

 

 

Research & Innovation 

Research Fund for Coal and Steel 

 

Low-Carbon After-Life (LoCAL): sustainable use of flooded coal mine voids 

as a thermal energy source - a baseline activity for minimising post-closure 

environmental risks 
 

11 

Main results 

In Markham the mine water quality is fairly good and the total iron content in the water is less 

than 0.5 mg/l. The water quality has actually improved ever since the borehole pump was 

raised, previously the total iron content was circa 3.2 mg/l. The filters, pipelines and heat 

exchangers were removed and checked for any ochre deposition and very little deposition 

was noticed, during past 1.5 years. Thus by preventing the mine water from coming in 

contact with the oxygen the ochre clogging can be minimised to a great extent. Ever since 

the pump was raised, the water quality has significantly improved, see Table 1 and Table 2. 

The salinity has reduced considerably, see figure Figure 5 and Figure 6. The dissolved 

oxygen content in the water is on the higher side with 86 %, the carbon-di-oxide is 20.8 mg/l 

and methane is 16.5 mg/l.   

 

Figure 5: Pie diagrams comparing the major ion (meq/L) composition of the Markham No. 3 Shaft mine 

water in October 2011 (Type A), January 2013 (Type B) and September 2015 (Type C) (Burnside et al. 

2016). 
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Figure 6: Piper diagram representation of cation and anion sample distribution for Type C waters 

(Burnside et al. 2016). 

 

 

Figure 7: Inspection of pipelines at Markham 
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At Caphouse as expected there is a lot of clogging of the heat exchanger and the filter 

requires frequent cleaning, see Figure 10. It can be seen from  

Figure 8 and Figure 9, the water quality is improving with most of the parameters except 

chlorine decreasing. The iron content in the water is circa 15 mg/l. The dissolved oxygen, 

methane and carbon-di-oxide contents in water are 18%, 495 mg/l and 169 mg/l respectively. 

See Table 2.  

 

Figure 8: Pie diagrams comparing major ion (meq/l) composition of Hop Shaft mine water in November 

2009 and June 2015 (Burnside, Banks and Boyce, 2016) 
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Figure 9: Durov plot for present study and Coal Authority data for May–October from 2009 to 2015 

(Burnside, Banks and Boyce, 2016) 

 

 

Figure 10: The ochre accumaltaion in the filter basket, at Caphouse. 
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Conclusions 

Iron content dissolved oxygen, methane and carbon-di-oxide play a very important role in 

ochre precipitation and hence corrosion. By analysing the mine water quality and using 

suitable materials for the equipment; it is possible to minimise if not eliminate the effects of 

ochre clogging, incrustation and corrosion. 

It is clear from the inspection and analysis of the water samples, that if the total iron content 

in water is low, there will be no clogging problems, even if the dissolved oxygen content is on 

the higher side and carbon-di-oxide and methane are degassed. By using marine grade 

material for heat exchangers, filters and pipeline the corrosion impact can almost be 

eliminated.  

At Caphouse, the total iron content is on a higher side and the carbon-di-oxide and methane 

are not degassed, even small amount of dissolved oxygen can cause ochre precipitation. By 

using marine grade or corrosion resistant materials the problems of corrosion can be 

minimised. 
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