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INTRODUCTION

BACKGROUND

MINING HISTORY IN 
THE MIDLANDS

T h is  d ocu m en t presents an overview  o f  the potential im pact o f the recent colliery 
c lo su re  program m e on the w ater environm ent in the M idlands. Concerns that there 
will be im m inent and severe pollution o f  ou r rivers, fuelled by publicity on the issue 
in other parts o f  the country, are not well founded. However, studies by the N R A  have 
id e n tifie d  p oten tia l p ro b lem s fo r  the future. We cannot be com placent and 
m ust gather better data now and over the next few years in order to predict and quantify 
any environm ental im pacts and plan rem edial measures where these are shown to be 
necessary. T h is  report only addresses environmental issues arising from  deep mines 
and d oes not deal with open cast mining.

C o a l  has been  m ined in B ritain  fo r  centuries, possib ly  since R om an  tim es, but it 
w as on ly  du rin g  the Industrial R evolution  that coal production  started to increase 

d ram atica lly , becom in g a m a jo r in du stry  from  the mid 19th C en tu ry  onw ards. 
S in ce  the 1960s the in du stry  has declined substantially  such that on ly  a relatively 
few' mines remain open. The long-term future o f these is by no means certain, following 
the privatisation  o f both the coal and electrical supply industries.

E arly  m ines exploited  coal at shallow  depths and utilised drainage tunnels to keep 
the w o rk in gs dry. T h e developm ent o f  the steam engine enabled larger volum es o f 
w ater to be pum ped giving access to deeper coal seams. Further sophistication in mining 
tech n iq u e s  and ad van ces in geo lo g ica l know ledge led to the exp lo itation  
o f  the con cealed  coalfie ld s beneath you n ger non-coal bearing rocks. M odern coal 
m ining can w ork seam s at depths o f  over 1000 metres and many kilom etres from their 
ou tcrop  at surface where the early miners first worked.

T h e progressive w orking and reworking o f coal seams has frequently led to the deliberate 
and com plex  interlinking o f coal w orkings within a coalfield. This facilitates access, 
ventilation and coal clearance but it also provides ready pathways for water. It is often 
n ecessary  therefore to m aintain a netw ork of pum ping stations, using old shafts or 
boreholes in otherwise abandoned areas o f the coalfield, in order to protect hydraulically 
con n ected  collieries from  flood in g. M inew ater is pum ped to the surface and often 
m ixed with process water, from  coal washing and site drainage, before being discharged 
into nearby w atercourses.

W ater w ithin the mine w orkings com es from  two main sources; water entrapped within 
the sedim ents that form ed the rock strata when they were originally formed 300 million 
years ago, known as connate water, and water which has its origin as rainfall and has 
in filtrated from  the surface through the overlying rock.

Th e volum e of connate waters present within the coal seams and the surrounding strata 
is u su a lly  not great. In com p arison , w ater which infiltrates from  the surface can, 
depen din g on the geological conditions, give rise to significant quantities for disposal. 
T h is can be an im portant factor on the exposed coalfields and is the reason why there 
is significant environmental concern in coalfields in other regions such as Durham  and 
South Wales. However, where coalfields are confined beneath younger rocks infiltration 
is m uch less. H ence the tim e scalcs fo r the flooding o f mines in these situations are 

m uch longer.

A s a cradle o f the industrial revolution and a centre for the iron and steel industry, coal 
m in ing has alw ays been im portant in the M idlands. E xposed  coalfields in the West 
M id lan ds, Forest o f D ean, C oalbrookdale , Cheadle and other places were abandoned 
for deep mining many years ago, although the exploitation o f shallow seams by opencast 
m ethods still continues. C oalfield s where mining is actively taking place or has only 
recently ceased are N orth  Staffordshire; Cannock/South Staffordshire; W arwickshire; 
South  D erbvshire/Leicestersh ire; South Yorkshire/D erbyshire/N ottingham shire and 
the Vale o f Belvoir. These are show n on Fig 1.
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T h ro u gh ou t the h istory o f coal m ining, various m ining methods have evolved. These 
d ifferent m ethods have a bearing on w ater storage and flow within old w orkings.

T h e earliest w ork ings exploited seam s exposed at o r  near the surface. They seldom  
reached depths greater than 10 metres, and were worked by means of bell pits. Although 
these are now m ostly  com pletely  infilled with collapsed  material, the perm anently 
d isturbed  ground m ay allow  increased recharge to deeper w orkings. In the 16th and 
17th centuries the pillar and stall m ethod was introduced w hereby m ore extensive 
w ork in g  o f the coal seam s w as aided by leaving pillars o f coal in place to support the 
ro o f during w orking. When abandoning a mine the pillars were frequently extracted 
resulting in the collapse o f  the ro o f and subsidence in the overlying rocks.

L on gw all mining techniques were introduced in the early 20th C entury and through 
various refinem ents continue to be em ployed today. Essentially a rectangular panel of 

coal is extracted, with m odern m ining techniques these panels m ay be 200-250m wide 
and perh aps several thousand m etres long in favourable geological conditions. The 
w ide part (the face) advances as the coal is cut and the roof is allowed to collapse behind 
it. A ccess to the face is kept open  by means of roadw ays on either side which are 
perm anently  supported. (F ig  2.)

T h e  areas o f co llap se  (know n  as go af) represent potential path w ays o f increased 
transm issivity for groundwater. H owever, the extent and nature o f this will be uncertain 
because o f the variable nature of the rock lithology and other factors. After abandonment 
so m e  ro ad w ay s w ill rem ain open . T h ese  will p rov id e  extrem ely  high h ydrau lic 
conductiv ity  pathw ays for m inew ater movement, effectively acting as large pipes.

Fig. 2. Idealised Cross-Section Through a Longwall Face
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Present D ay
Connate water from the Coal M easures is often rich in the minerals which were present 
in the seas when the coal was form ed. In the Midlands, chloride concentrations in som e 
waters can exceed those found in sea water today. In w orking collieries this saline water 
is pumped to the surface where after mixing with colliery process water, it is discharged 
to watercourses. Salinity levels in these watercourses can therefore be unnaturally high. 
In some places, for exam ple in N ottingham shire and Cannock C h ase, the hydraulic 
connection between surface w ater and groundw ater has led to the saline w ater re- 
infiltrating and contam inating the shallower groundw ater used for public supply. This 

occurs particularly w here groundw ater levels are generally depressed in an area by 
pum ping and where water supply boreholes are sited next to watercourses.

The salinity can also be detrim ental to som e crops (eg. potatoes) when the w ater is 
abstracted by farm ers and used for spray irrigation.

W hen M ines are A ban don ed
The mining process exposes sulphide minerals in the various shafts, audits and roadways. 
These are present naturally in association  with the coal and the surroun din g strata. 
Iron pyrites (fools gold) is the com m onest o f  these. D uring working, these minerals 
com e into contact with air and oxidise to form  acidic solutions of iron. These in turn 
react with other m inerals to form  secondary iron minerals which are deposited along 
the preferential flow  pathw ays which develop  in a w ork ing mine. A fter a m ine is 
abandoned and pum ping ceases the water table will rise through the w orkings. The 
w ater is usually  low  in dissolved oxygen and under these reducing con d ition s the 
secondary  iron m inerals can be red isso lved . In other situations w here the risin g 
minewater is aerated, perhaps because there are rapid pathways from  the surface, the 
oxidation o f pyrites will continue. However, in this latter situation the w ater will not 
be particularly saline because o f  its origin. In both cases the minewater becom es rich 
in dissolved iron and if it reaches the surface an och rous discharge results. In very 
acidic minewaters aluminum  dissolution can also be a problem.

The abandonment o f mining will have varying effect on the surface environm ent. In 
som e places the rate at which the mine fills will be sufficiently fast that the volum e of 
discharge at the surface could have a significant and detrimental impact on the receiving 
watercourse. In others the rate will be so slow  that the effects will be insignificant and 
very long-term . M uch depends on  a num ber o f  com plex  and in terlinked issu es. 
These include:

•  the origin o f the w ater which fills the mine;
•  the rate o f  recharge;
•  the physical characteristics o f the underground w orkings;
•  the chemical reactions which take place and
•  the characteristics o f the receiving watercourse.

Many of these factors will be not known with any precision. Prediction o f  the im pact 
is therefore difficult. However, within the M idlands the volume o f m inewater that is 
pum ped from  most mines is relatively small.



WHAT HAPPENS 
WHEN MINES CLOSE

THE LEGAL POSITION

Stream  contam inated with ochrous 
discharge from  abandoned  

mineworkings.

M ining areas can be described using the concept o f  “ ponds” or “ buckets”. Each pond 

is a self-contained area o f mining activity. When mining stops and the pum ps are turned 
o ff the m inew ater will rise until the w ater escapes into another pond with which there 
is su b su rface  interconnection. T h e concept is show n in Fig 3. Eventually  the water 
m ay reach the surface via old shafts, horizontal tunnels (adits), the activation of natural 
sprin gs o r by general seepage into the bed of a watercourse. H ow  quickly each pond 
fills depends upon the factors described above.

E ventually  all the voids in the mined area become full and the water level stabilises at
a position  dictated by the point at which it can escape to the surface. This is when the I
o ch ro u s d ischarges m ay be observed . These discharges have a m ajor im pact on the 
aquatic habitat b y  affecting stream  chemistry and by blinding the stream bed with iron 

rich precipitate.

T h e closure o f m ines can also  have an impact on the flows in the surface w atercourses 
in to  w hich they form erly  d ischarged their minewater and process water. A lthough 
there are benefits fo llow in g closure, in that the salinity of stream s and rivers can be 
redu ced , the loss o f flow  in som e areas could be a handicap to other river uses and 
users. This is particularly the case where baseflows are low due to the loss o f a substantial 
natural groundw ater contribution caused by high rates o f groundwater abstraction for 
w ater supply. A  reduction in flow  m ay lead to the loss o f dilution water for sewage 
w ork s discharges, which m ay in turn lead to the need for m ore restrictive discharge 
consents to preserve the river w ater quality. Reduced flows will also restrict the ability 
o f  farm ers to abstract surface w ater in summer for spray irrigation since they are often 
prohibited under the terms o f their licences to take water below certain flow thresholds.

D isch arge s  fro m  abandon ed  m ines have been exem pted under previous pollution  
con tro l legislation. Th e Environm ent A ct 1995 addresses the issue but continues the 
exem ption  for m ines aband on ed before  1999. A fte r this date it will be possib le  to 
require mine operators to undertake remedial schem es to mitigate pollution. Where 
there is significant pollution  occurring the Environment Agency will be able to take 
preventative action using pow ers under S.161 of the Water Resources A ct 1991, but at 
its ow n expense. There is also  the potential for civil action to be taken by seeking an 
in junction  against a mine operator to prevent the cessation o f pum ping.
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In the N o rth  S taffo rd sh ire  C oalfield  there remain six w orking collieries, although 
three others have been closed in the last three years. O n ly  two collierics (Silverdale 
&  H em  H eath ) extract coal from  deep  w ork in gs and the closure o f  either w ould  
potentially threaten a number of surface watercourses in the area.

The South Staffordsh ire  Coalfield. Mining in the southern part of this coalfield ended 
with the closure o f Baggeridge C olliery  in 1967 but continued in the C an n ock  C hase 
section until 1994 with the closure o f Littleton Colliery. The Cannock C h ase coalfield 
is complex, com prising seven small ponds with uncertain linkages. A prelim inary study 
for the N R A  o f the impact o f Littleton Colliery closure identified a potential m edium  
term risk to surface water features but also the need for a much more detailed study.

The W arw ickshire C oalfield  continues to be mined with tw o active collieries (D aw  
M ill and Coventry). It com prises four ponds, tw o are still being pum ped w hilst there 
has been no m ining in another for over thirty years. N o  adverse effects have been 
observed . M on itorin g  o f rise rates w ithin the fourth  w ill be needed to asse ss  the 
risks.

The Leicestershire and Sou th  D erbysh ire C oalfield  is centred around A sh by  de la 
Zouch but is separated into two distinct hydraulic units. The last C o lliery  closed in 
1991 but no impact on surface water has occurred. The minewater in the Leicestershire 
Coalfield is not so poor in quality as elsewhere and W hitwick and E llistow n C olliery  
discharges were once used for drinking supply.

THE REGIONAL 
SITUATION

Working mines, currently pumping.

[= □

Envelope volume of mine workings

Zone ol subsidence

Extent of flooded mine woAings

Cool seams

Woletloble

Fig. 3. "Leaky Bucket" conceptual model of mine water movement
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The South  Y orksh ire/D erbysh ire/N ottingham shire  Coalfield is both the largest and 
the m ost com plex within the R egion . M ining has m oved progressively  eastw ards, 
follow ing the coal seam s deeper as they dip beneath the Permo-Triassic rocks. (F ig  4). 
It extends north o u tsid e  the Trent catchm ent and there are significant m inew ater 
movements across the catchment boundaries.

Many o f the working pits are now located on the Triassic sandstones, the m ajor aquifer 
for the R egion. Their minewater discharges are m ade into streams which cro ss  the 
san dston e so  that in places where the w ater seeps dow n  through the bed o f  the 
w atercourse the salinity o f the groundw ater can be increased.

Since the m inewater discharges also help to support baseflow s in the R ivers Poulter, 
Maun, M eden, Ryton and Tom e and dilute sewage effluent discharges, colliery closure 
and cessation of pum ping could have a significant impact on  some stretches.

The com plex interlinking o f collieries and the need to protect the w orking easterly 
collieries which are dow n the stratigraph ic gradient, has meant that pu m pin g  has 
continued in parts o f the coalfield. The closure o f som e collieries in this coalfield has 
therefore not led to any problem s o f  rising m inewater. If all collieries c lo sed  and 
pum ping ceased com pletely then minewater w ould eventually build up and emerge in 
the surface water system. The River Erewash and possibly the River Leen arc potential 
recipient watercourses.

Because o f the higher ground in the west of the coalfield it is also a possib ility  that if 
the abandoned w orkings became com pletely flooded minewater could infiltrate strata 
overlying the C oal M easures further to the east. However, it is considered that the risk 
o f water supplies being affected is extremely low because o f the low permeability nature 
o f the intervening strata.

WHAT IS BEING DONE The N R A  has regular discussions with the C oa l Authority and their predecessors at 
both national and at regional level and has agreed a M emorandum o f  U nderstanding 
with the C oal Authority on environmental aspects o f new closures. A  M em orandum  
of Understanding also exists between the N R A  and the C oal O perators over the need 
to give w arning o f mine abandonm ent and pum pin g cessation. S tu d ies have been 
com m issioned and undertaken by the N R A  over the effects of stopping pum ping at 
L ittle ton  C o llie ry  (Sou th  Staffo rd sh ire  C o a lfie ld ) and A nnesley  C o llie ry  
(N ottingham shire Coalfield), the latter being undertaken in association with British 
C oal. In addition an overview study has been carried out for the Severn-Trent R egion 
o f the N R A  by  the British  G eological Survey. Elsew here in the N R A , stud ies have 
been undertaken on different coalfields (for exam ple D urham , South Wales and South 
Y orkshire) to  provide further useful insights into a com plex  problem . A national 
research pro ject is underw ay which will provide im proved methods o f  predicting 
groundw ater rise rates better as the abandoned w orkings fill.

All the studies dem onstrate the lack o f data which handicaps our understanding o f  the 
hydraulics o f abandoned mines and therefore limits our predictive capabilities.
In particular the lack o f good h istorical inform ation on the amount o f  m inew ater 
pum ped has pointed the need for better record keeping in future. The other area where 
difficulties arise is in predicting the rate o f rise o f m inew ater in flooded w orkings. 
Although computer modelling will help in this, good m onitoring data is vital to validate 
the model results. Hence we are w orking with the coal industry to ensure that access 
is maintained to abandoned workings through existing shafts or boreholes so  that rise 
rates can be measured.



T h e future steps for the N R A  and the successor Environm ent Agency are:

•  C o n tin u e  c lo se  and regu lar liaison  with the C o a l A u th ority  and coal operators 
over m ining operation  plans.

•  Investigate , by  m eans o f m ore detailed local stud ies, those areas o f  potential risk 
identified in prelim inary studies where minewaters could emerge at the surface. This 
is m ost pressing for those coalfields where pum ping has ceased completely.

•  In stiga te  m on ito rin g  schem es fo r groundw ater levels, groun dw ater quality  and 
discharge rates, if necessary installing purpose drilled m onitoring boreholes where 
no facility exists.

•  E stim ate potential impact having established likely discharge points and flow rates. 
U n dertake m odelling to help predict timescales and im pacts using collected data.

•  D eterm in e  action  needed to  avo id  problem s and liaise w ith land ow ners, m ine 
o p e ra to rs  and local au th orities over solutions. Such action  m ight involve the 
continuation o f pum ping an d/or diversion of underground flow s by sealing strategic 
pathw ays through the w orkings. In many situations minimal action will be required 
b ecau se  o f the sm all scale im pact predicted. The long term  goal m ust be to seek 
sustainable so lu tions which minimise or avoids the need for continued pum ping but 
this m ay not alw ays be possib le  in the short to medium term.

It is im portant that the potential im pact and tim escale over which any effect m ay be 
seen is thorough ly  understood before any precipitate action is taken. In m ost places 
the potential will be insignificant but in others it may well necessitate positive action. 
D etailed understanding is the key to solving problems and the N R A  will initiate studies 

provide the inform ation we need to form judgements. Even though problem s may 
not be im m inent the need to  acquire reliable data is urgent. These new studies, like 
those done to date, will be carried out in liaison with the coal industry wherever possible.

This report has been prepared by the National Rivers Authority, Severn-Trent Region, 
ft  is based upon studies done fo r  and with the NRA by the British Geological Survey, 
War del Armstrong Ltd  and  British Coal. The collaboration o f the Coal Industry is 
acknowledged.
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HOW TO CONTACT US
Severn  catch m en t d ow n  to  and including

R iv er Tem e con fluence:
Upper Severn Area Office, Hafren House, 

Shelton, Shrewsbury SY3 8BJ 
Telephone: 01743 272828

Severn  catch m en t b e low  R iver Tem e confluence 
in clu d in g  R iv er A von :

Lower Severn Area Office, Riversmeet House, 
Newtown Industrial Estate, Northway Lane, 

Tewkesbury GL20 8JG 
Telephone: 01684 850951

Trent catch m en t d ow n  to  and including 
R iver D o v e  confluence:

Upper Trent Area Office, Sentinel House, 
Wellington Crescent, Fradley Park, Lichfield WS13 8RR 

Telephone: 01543 4444141

Trent catch m en t b e lo w  R iver D ove confluence: 
Lower Trent Area Office, Trentside, Scarrington Road, 

West Bridgford, Nottingham NG2 5FA 
Telephone: 0115 9455722

H e ad q u arters:
Sapphire East, 550 Streetsbrook Road, Solihull, 

West Midlands B91 1QT 
Telephone: 0121 711 2324

THE ENVIRONMENT AGENCY
In April 1996 the NRA will merge with Her Majesty’s 

Inspectorate o f Pollution and the Waste Regulation Authorities 
to form the Environment Agency.

This new body will be responsible for the protection of water; 
air and waste and will continue to prevent and control pollution.
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Severn-Trent Region
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