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ABSTRACT 

In County Durham the Forthcoming closure of two 
coas ta l  collieries is, in effect, the final closure of a 
l a r g e  hydraulically interco~incctcd coalfield which 
has been progressively dewatered over three centur- 
i e s .  Groundwater will gradually rise through tlie 
previously worked strata after the cessation of 
coalfield dewatcring. Past experience shows thilt the 
r i s ing  groundwater will develop high acidity and 
h e a v y  metal loadings as oxidizcd pyrite remnants 
are dissolved. Conceptual modelling suggests that 
this acidic groundw:~tcr will ultimately discharge 
into the  River Wcar and its tributaries, with serious 
consequences l i ~ r  the aquatic ecology and human 
use of the River Wear system. Further environ- 
mental inipacts may include (a) groundwater pollu- 
t i o n  in the adjacent Basal Pcrmian Sancls aquifer, 
(b) leaching from landfills intersected by the rising 
w a t e r  table. (c) compromised integrity of foun- 
d a t i o n s .  (d)  increased flows in olcl scwcrs below thc 
n c w  rcst water levcl (leading to problems at sewagc- 
t r e a t m e n t  works and combinecl sewer overflows), 
( e )  corrosion 01' other buriecl services. (f) surface gas 
c n ~ i s s i o n s ,  and (g) long-term subsidence risk from 
old workings. 'l'hc prevention of these inipacts 
w o u l d  involve long-term maintenance of repion:~l 
clewatering, although local iiiitigation of most effects 
c o u l d  be arranged alhcit at considerable cost. 
C'urrcnt legislation foils to placc responsibility for 
t l ~ c  prevention of such environmental inipacts in the 
h a n d s  o f  any one orgiri~iziltion; this 'vac~~urn of  
I-csponsihility' ncecls to he addressed urgently if a 
p r a g m a t i c ,  consensual approach to environmental 
p ro tec t ion  in abiindoned coalfields is to be pursued. 
KC,.\, rz,ortlc: Acidity; coal-mining: C'ou~lty I ~ u r h a m ;  envir- 
onmcrital impact;  gro~~nclw;~tc.l-;  pollution prcvcntioll. 

C o a l  mining has for centuries been synonymous with 
t h e  north-east of England, ancl the expression 'like 
c a r r y i n g  coals t o  Newcastle' is still used in the 
Englisli-speaking world as a description of a point- 
less exercise. At its peak, on the eve of the first 
w o r l d  war, the north-east coallield was indeed the 
n i o s t  proci~ictive in the world, producing 56 million 

tonnes of coal per year with a workforce of cllore 
than 220000('). However, the number of working 
mines was drastically reduced in several successive 
waves of mine closures during thc 20th century so 
that by 1992 only five collieries remained in produc- 
tion in the north east, all of them producing coal 
from offshore workings accessed by coastal shafts. 
Nevertheless, the dewatering systems in the inland 
areas have remained in use to prevent groundwater 
flowing eastwards through interconnected old work- 
ings to these working coastal collieries. 

In this paper attention is Socuscd on tlie County 
Durham dewatcring scheme, in wiiich approxi- 
mately 105 Mlid are pumped from nine pumping 
statioris in the exposed coalfield to protect two 
working coastal collieries at Easington and Seahand 
Van Tempest (Fig. 1 ) .  The governnicnt announce- 
ments of Octobcr 1992 and Marcli 1993 concerning 
plans to close Inany deep mines has prompted 21 

preliminary appraisal of the potential environmental 
inipacts of abancionrnent of the County Durliam 
dewatering scheme. Conceptual modelling sliggcsts 
that cessation of pumping will lead to the production 
o f  acidic groundwater with Iiigh metal lo;ldings 
during water table rebound, and that the cvent~l:il 
ernergencc of such water at the surface in the Wear 
valley could have serious environmental impacts. 
The  identification of these potcnti:il impacts, 
methods for their prevention o r  mitigation, ancl the 
admi~iistrative ;~rr:inge~nents which successful pre- 
ventioniniitigatio~~ will require, arc ciiscussed in this 
p;ipcr. While i t  is not claimetl that the clctails of the 
scenario envisagcd for County 1)urliam arc rcp- 
rescnt:itive of  possible conclitions clsewliere in the 
UlC, the range of possible environmental impacts 
could be ~ ~ s c d  as a checklist i n  the development of 
dctailccl conceptual models for other coiilficlds. 

1PUKHAM COALFIICI,I) ICIIflOKY: 
DI1:VVArrERIN6; AN11 WATER QLIALITY 

While the broad outlines of the developrne~lt of the 
Durham coalfield, and by i~lfercncc its clewatering 
scheme, arc fairly easy to reconstruct, the evolution 
of water quality in the co:ilficld ctuinot be recon- 
structed so easily. Nevertheless, by collating ttic 
available data ancl other strands of evidence, 
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Fig. 1. Durham coalfield showing areas affected by minewater pumping 
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generalizecl picture of the hydrochcrnical history of 
the co;~lfielil may be drawn up. The ciiscussion which 
follows refers specifically to the area of the ct)alfield 
affected by the current clewatering system, unless 
explicitly noted to the contrary. 

Before the onset of clcep mining i n  the coiilfield, 
there was no single water table within the Conl 
Measures; rather, the high degree of stratification in 
the geological sequence resulted in confined sand- 
stone acluifcrs separated by shale and coal acluitards. 
There was very little rnctcoric groundwilter circu- 
lation in this scclucncc, ancl niuch of the natural 
groundwater was highly saline (with total dissolved 
solids of up to 237000 mgll)"'. Discharge of this 
groundwi~ter gave rise to brine springs (flowing at LIP 
to  120 m3/d) near Birtlcy (NS 275555). Lumley ( N Z  
290500), Fr~uiiwcllgate (ncar Durham City) and 
Butterby (NZ 284396)"'. 

Disr.uption of this natural groundwater flow 
system commencecl as early as 1043. which is thc 
earliest reference to the 'cfeep mines of I-larraton' 
(NZ 288538)'"', where u shaft was sunk to the 
Three-Quarter Seam. With the patenting of the 
efficient Ncwcoriicn p~~rnpixig engine in 1712, the 
way was pavecl for the clecpening of the mines and 
large-scale dr:iwdown of the watcr table, The 
northern part of the iirei~, ils f;ir s o ~ l t l ~  iis C'llcstcr 
Moor  (Fig. 1 ancl Table l ) ,  was extcrisively clc- 
velopecl as early as 1800, and by 1825 mining 
developriielit flanked the River Wear 21s far sauth as 
Butterby (NZ 284396). 'I'hc most soutlicrly part o f  
t h e  area (extending to Bishop Auckland ancl points 
west)  experie~iccd mining from 1825 onwards. with 
t h e  most intense devclop~ncnt aftcr 1850. 'The 
concealed coalliclcl (where the Co:ll Measures arc 
overlain by Pcrmian strata) was progressivcly 
exploited after 1850 also, ancl basington C?olliery 
w a s  sunk as late 21s I ~ w O ( ' ) .  
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T h e  gradual disruptioli of the natural ground- 
watc r  flow system was virtually cornplcte by zibout 
1870, by wliich time the brine springs listed above 
h a d  ceased to flowi" (although saline waters of the 
type  which forrnerly discharged in these springs still 

persist in the deepest lcveis of the current mine 
workings"'). Progressive dcwatei-ing of large areas 
of  the coaltield was facilitated as adjacent mines 
becali~e interconnected unc8erground. In the north- 
ern part of the present area kiione, the Lambton 
Coal Comp:ully had fifteen mines by 191 1, most of 
which are said to have been interconnected at depth. 
It has beer1 claimed that such interconnections have 
produced subsurface hyclraulic continuity over dis- 
tances as great as 50 kni'"'. 

For ovcr three hunclrcci years, therefore, the 
exposed coalfield of County Durham has been 
progressively dewatered, and the current pu~iiping 
levels represent the ultimate drawdown for the 
coalfield as a whole. A comparison of pl:ins anci 
tigurcs published in 1973"' and 1980"" shows that 
the total quantity of water pil~nped in the exposed 
coalfield has remained constant for at least twenty 
years, even though the total number of putiiping 
points has been recluced from 32 to 9 ovcr the same 
period as mines have closed. lietlccting this steady 
pumping rate, grounclwater lcvcls in the dewatered 
area of the cxposcd coaHield are csscnti:illy stahlci"' 
ancl lie up to 150 ni helow ground level in the 
northern part of the dewatered zone (arounci 
stations I and 2 in Fig. I ) .  'Table I details tlie 
locations and mean pumping rates of the nine 
current puniping stations shown o n  Fig. I. 'l'hese 
stations discharge into the River Wear iirlcl its 
tributaries (with the sole exception of tlie Mihhlcs- 
worth station which disc!iarges into the Iiiver 'l'eam, 
a tributary of the Tync), and they represent a 
substantial portion of the total Ilow of the Wear 
(particularly during dry spells whcn they nixy 
amount to almost SO'%) of the total flow at L,~imlcy). 

In clctilil, the current dewatering sclicnle is hest 
cnvisagccl as a scrics of acijaccllt ponds, each of 
which must he prcvenlccl from c>verspilling into tlic 
next i f  Iloocling i n  the final pond (the current coastal 
workings) is to be avoided"". 'I'hus a s0~1the1.1~ pond 
arouncl Bishop Auckland is kept in check by 
pumping at Vinoviilni ancl I'cagc bank;  if this was 
allowed to overspill into the centriil poncl around 
('hoster-lc-Street, this central pond would itself 
overspill into the eastern pond (ilnderlying the 
Magncsian Limestone), which is conncctccl to the 
coastal collieries at Ilhsington and ScaIiamlVanc 
'l'empest. The Kibblcsworth pumping station appar- 
ently controls a I;lrgc northern pond in old workings 
beneath the Te:uii-Dcrwcnt watershed: hydr:iulic 
connection is also known to exist bctwcen this 
northcr~i pond and the central pollcl around C'hestcr- 
le-Street. 

Water quality variations during this history of 
dewatering are poorly documented. Ilowcvcr, it is 
clcar that the ingress of fresh surface waters when 
the workings were active in the exposetl coalfield lecl 
to  the production of acidic mine-drainage watcrs. 
Fluctuations in water levels within the rnincs, which 
were often quite markecl during working, favoured 
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the  flushing of pyrite oxidation rcsidues into solu- 
t ion,  with t he  concolnitant lowering of pH t o  4 o r  
less, i i ~ l ~ l  the  transport  of high concentrations of 
dissolved iron a n d  o the r  metals. Indications of t he  
quality o f  water during active working a r e  preservecl 
( to  give but o n e  example) in the impressive mound 
of ochrc (iron (111) hyclroxide) deposits in the bed of 
the  1-umley Burn around the former drainage outfall 
of the Lurnley 6 th  I'it (NZ 300500), which a t ~ c s t s  t o  
thc  former  transport  of high concentrations of iron 
ill the acidic mine waters.  Uy contrast ,  the  water 
producecl by t h e  modern  p~117iped tlischitrge at  
L.uniley 6th. which is part  o f  the regional dcwatering 
systcrn (Tables I & 11; Fig. l ) ,  is of neutral  p t l  nncl is 
de~msiiting little o r  no ochrc at  present.  

l 'hc instiuncc of' L.umlcy 6th illustrates the  gcncl-;tl 
ohscrv:ttions tha t  ( i)  iicitlic clrainage can clevelop in 
active workings su11'jcct t o  Iluctu;ttilig watcr Icvcls, 
and  (ii) grouriclwatcr qiiality in mined Coal Mcu- 
sures rnay hc rcli~tivcly goocl w h c ~ i  driiwdown is held 
steady for many years at  o r  ricar' tlic Ixise of historic 
working depth .  This second point is illustsi~ted hy 
'T;~blc I I  which gives sornc rcprcscnt;itivc hyclroche- 
rnical rchults I'or the  nine current punlping stations in 
the  expow'd I>i~rharn  co;~lficlcl (where clrawdown has 
been csscr~tially st;thle for sever:il tlccaclcs)("'. All 
the  stations proclucc wt~ tc r s  of 11cutr;il pI I with fairly 
high total clissolvecl solicls ('1'11s). ancl notably high 
sulphate corlccritrations. 'Tlicsc high-'I'DS i~iputs  t o  
the Weits systcni Iiiivc a cur.iirrlativc impact on the  
overall 'I'LIS lcvcls of tlrc River Wcar ;  clownstream 
Srorli the lowest outfall, the  'l'DS of' the  River Wcar  
range L ~ I '  to SO0 rligll, ;I value which is markedly 
higher than those encountered in the rieighbourirlg 
liivcrs 'I'ync o r  'I'ees. 

Ilxperiencc to  ci:ite in southcrn ('aunty l > u r l l a ~ ~ i  
(just oirtsidc the r e g i ~ r i i ~ l  ~Icw;rterc~I zoric) is corisis- 
tent  with the  a no cl cl of hydrochemical evolution just 
clcscribcd. ancl ttlso allows extension 01' tile modcl t o  
include prcclictions of' what will tiitlqxn when 
dewi~ter ing  ccascs and water tahlc rchound occurs. 
Investigations'"' a t  Mxinsforth colliery ( N Z  3 13310) 
(Fig. 1 )  during thc  years inimcdii~tcly 1)rcccding its 

final closure in 1976 showed that the water dis- 
charged during the maximum extension of mining 
(i.e. whcn the  water tablc had been pulliped down 
to  its lowest level) was of relatively goocl quality, 
witli total iron generally less than 1 mgil and total 
dissolved solids less than  1300 mgll. IIowevcr, whcn 
the watcr tablc was allowctl t o  rise and llood 
succcssivcly higher levels of former workings in thc 
pit (beginning in [mid-lC)73), the watcr cluality 
deteriorated rapidly, with total tlissolvccl solids 
>3500 mgll, total iron > l 0 0  mg/l ;rncl sulpliate 
concentrations S 1300 mgll. When pi~niping re- 
surnccl with the water tablc at the higher Icvcls, tlic 
watcr produced was so aciclic and heavily laden witli 
iron that it caused serious degra(l;~tiori o f  tlic 
tributary of the  liivcr Skcrnc  to  wliich it w;is 
dischargccl"'. 

A graclu:~l improvemerit in cluality was noted 
wlicn the water lcvcls were  s u l > s c c ~ ~ ~ c ~ l t l y  Iicblcl stcacly 
by pumping, further supporting tlic moclcl outl i~icd 
ahovc. IIowcvcr, i t  is importalit to note t11;tt thc 
improvement in wiitcr. clu:ilily was very slow, iincl 
many clccades woillcl Il;rvc I>cc11 rccliiircrl l>cl'orc tlic 
p11 and iron 1o;tclings t111'pro;lcllctl prc-r'cl~oi~ricl 
valucs. Similar experiences iri Scotl;tnd"'~'""' II ; IVC 
also shown a gr;tclual, t houg l~  very slow, inil~rove- 
n i e~ i t  in watcr cjuxlity after rcI>ou~iil hris occarsccl. -. I he Scottish st~rtlics ;ilso scrvc to conlirm th;tt tlic 
lirst flush of aciclic I ' c r i~ rg ino~s  cliscliargi~ at the 
surface,  when water ttil-de sehouriel is co~ilplctc,  is at 
a higher I low rate ;tllci ol' c~orisicicr.al>ly poorer 
quality, t l iar~ the lorig-tcrrn l'erruginous clischat.gc. I n  
the Mainsforth cxaniplc, tlic colliery lies out11 of 
tlic Buttcrknowle Fault (F:ig. l ) ,  wllicli is ;I 111;lios 
1,. ' t~r rcr  .: to groundwater Ilow ill the ! ) l~ r l i ;~ l~ i  co;il- 
field. and the final water t ;~l>lc s c l ~ o u ~ i t l  It i icl  thc 
effect of feedirig w;ttcr into t l ~ c  ovcl.lyi~ig Magr1csi:rn 
I,i~ncstone Aquifer, iri wliicl~ the low p11 valucs 
were presumably quickly I>uf'fcrctl l>y rcactiori with 
calcite iincl dolomite. Regional gl.ourlrlwatcr levels 
in t he  Magriesian l . imesto~ic irlcr.c;rsccl by its rnucli a5 

10 ni over an area of 1. kni rtlclius arour~cl Mains- 
forth,  as cvidcricecl b y  ttic Ilyclrogr;1l>11 of the 
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Rushyford broehole (NZ 28752896) held in the 
national grountlwater archive ;it Wailingford("). 
Thus a polluting surfacc discharge was prohahly 
averted by fortunate geological circumstances. 

CONCEPTUAL MOI)EL, FOR CESSATION OF 
DEWATEWING IN COUNTY DURHAM 

The Governme~it's white paper on the future O F  the 
coal industry released in March 1093'"' signals the 
forthcoming end of mining activity in cast Durl ia~n:  
SealiamlVane Tempest colliery is to close in the 
immediate future and Eilsington colliery is to be 
placed in care and maintenance for an unspecified 
~.xriod. As the entire County Durham dcw;itcring 
scheme will continue to operatc solely as part of the 
care and maintenance scheme for Ensington col- 
liery, and no coal procluction will takc place to 
defray the costs of pumping, it niight he reason~tbly 
anticipated that the stay of' execution for Easington 
will he brief. I n  Octol>er 1092, British Coal sign;llled 
their intention to cease all puping in tlic arca when 
the last mine closes, rcmove ;ill  pumps and hackfill 
the shafts. In lieu of any changes in plans. thercforc, 
three hundred years of progressive dewatering in 
Coiinty 1)urharn will come to an abrupt crid in the 
near future. 

Fig. 2(a) is a schc~iii~tic cross-section across the 
dewaterecl zone from the vicinity of I.umley to the 
coast between Seahain ancl lasington, showing the 
current water levels mai~ltaineil by pumping within 
the co~istal workings and at the nine stations listed in 
'Table I .  The water table elevation is plotteci using 
tlie most recently p~rl~lisliccl clata"'). IS all the 
p u ~ i ~ p i n g  is cliscontinued. rcc1i;lrgc from rainfall o n  
t h e  exposed coalfielcl will continue to enter the C.'O;L~ 
Mcasurcs, leading to gradual rise i l l  tile rcgion;~l 
w;iter table. At first, this will leacl to the clevelop- 
nient o f  an c;istward Ilow of grounciwatcr fro111 the 
central pollcl around ('hester-lc-Street as the deep 
clepressions in the water table iri the ciistcrn poncl 
i ~ r o u n d  Eiasington f i l l  first (Fig. ?(h)) .  Alter some 
time (possibly :I dcc;idc 01- more) the rising water 
table will intersect tlic hasc o f  the overlying 
Magncsian i.,imestonc, which cont;lins its own 
regional groundw:~ter flow system. 

Although consiclernblc fracture-controlled Ic~tk- 
age  fro111 the l.,irncstonc into coitl workings has been 
noted at Milinst'orth'" ancl Wcstoc c~ l l i c r ics"~ ' ,  
there does not appear to be much scopc for the 
reverse process (Ilow from Coal Meas~ircs into thc 
I,imcstotie) to happen in tlic Easington District, 
since the hyclraulic corinection between the two 
geological units is not very great. This is evidenced 
t>y: 

(a) l'hc existence of the 'perched' groundwatcr flow 
syhtcm in  the l.inicslo~~c - i t  is clc;lrly easier for 

water to tlow latchally in the Limestone than 
vertically into the C'oai Measures; and 

( h )  Observations ol' British Coal thn~  very little watcr 
enters the Easington workings ffi)nl thc l-imc- 
stone"". 

Apart from leakage into thc Limestone, which 
will be i~~sufficient to prevent continued Iiead build- 
up in the Coal Measures, there remains tlie possi- 
bility that the few unscalecl shafts and ventilation 
tunnels along the coast might transmit sufficient 
water to prevent the build-up. I-Iowevcr, the minecl 
Coal Measures arc unlikely to he sufficiently prrme- 
able that they could efficiently tr;ins~ilit all the 
regio~ial groundwilter flow to a few gravity discharge 
points 011 the coast. Permeabilities of 2ibout 4 nlld 
have been measured in niincd Coal Measures north 
of the ~ y n e " " ) ;  such values are sufficie~ltly low that  
groundwater velocities on a macro-scale will hc 
C a111y ' .  low ( m m  or cm/day) urider regional hyilraulic 
gradicrits after cessation of pumping. 

As neither leakage into the Limestone nor dis- 
charge from coastal shafts will be sufficicnt to 
prevent build-up of head in the Coal Measures, logic 
suggests that the rising water table will finally hc 
arrcstcti only when low-lying discharge weas are 
intersected. The riiost obvious of thcse is the Wear 
valley (I'ig. ?(c)),  and in the long-tcrrn dischi~rges hy 
diffuse seepage and point Icukuge (around old 
shafts, aclits andlor fractures which have cicvclopcd 
durinn mining subsidence: cC the accouiit of t ten- 
ton'"): are predicted to occur thoughout the Wear 
valley from west of Bishop Auckland to the western 
outskirts of Sunderland (where the Magnesian 
1.imcstone enters the river hctl). 'l'hc ti~iic-scale 
necessary for total rehoirnd to occur., and therefore 
f o r  the full cliscli:~rgc of' ~iiinc watcrs in the Wcar 
valley to be estiiblishcii is nccessiirily or1 the heale of' 
clccnclcs (tl~ough initial localizecl b reak~hro i~ghs  
coultl occur much sooner). 

Preliminary calculations using a long-tcriri 
r-cchargc rate o f  about 60 Mllcl Sc)r the oiitcrop arca 
:incl a void space ol' 6 X 10': ni.' for tile mined-out 
CXo;\I Measures, tlie total recovery is prcdictccl to 
takc arouncl 3(.) years. The ecliiilihrium clisc11;~rgc to 
tlic Rivcr Wcar system is predicted to approxiiiiate 
to the natural rcchargc rate or the currcrit p ~ l i ~ ~ p i ~ i g  
rate, i.e. to Sail in tlic range 00-100 Mllcl. 

Recalling the niodcl I'or Iiyclroci1cmic;ll cvolutio~i 
of coalfield waters outlinecl above, it is iniport;tnt to 
stress that the water producecl by pumping cluring 
stci~ciy dcwlitcring ('I'ablc I I )  is relatively good 
comparecl with thc highly acidic ancl nict:il-rich 
watcrs which can reitsonably he expcctctl to develop 
during water-t;iblc rcbolint~"'~'~~"').  'I'his is siniply 
hcciiuse the circulation o f  air in the mirlc during 
coal-working allows oxidation o f  pyrite i l l  the C'oiil 
Measures. so that it is reaclily soluhlc to for111 
s i~lph~ir ic  ticid whcn the watcr tnhlc rises thro~1g1i tlic 
old workings. 'I'hus the dischnrgcs from the prcscnt 
pumping stations ('Table 11) arc not  a p;lrticul~trly 
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good guide to the quality of water wlaich is predicted 
to discharge in the Wear valley some years froni 
now. 

By analogy with the publisl-ied water quality data 
for Mainsforth and For varioiis other sites in the 
UK(~.'),I(~.I i,[7,ls) and the US""', the first-tli~sh dis- 
charges can be expected to have low pE II ( < 3 ) ,  LIP to 
2000 rngil total iron, perhaps as much as l00 mgll of 
other heavy metals, ancl sulphate concentrations in 
excess of 1000 mgil. After the peek loatlings of the 
tirst-flush, the concentrations of tlic species noted 
above will probably drop to lower (though still very 
high) levels, and over a period of several clccadcs 
(perhaps a century or morc), quality will gradually 
improve until the state of tlie River Wear tinally 
begins to approximate to that of the present day. 

To fully predict the processes and patterns ot' 
water-table rebound in a system as complex as tile 
Durhaln coalfielcl, the conceptu;~l inodcl outlir~ecl 
above ought to be triuisl:ttcd into a nunierical model 
which could be usecl to: 

( i )  Chcck the consistency Ilctwccn concepts ancl avail- 
ahlc data; ancl 

( i i )  Invcstiga~c (by  xnsitivity annlyscs) \vherc o u r  lack 
o f  knowledge poscs (he ~r.c:itcst limitations on o u r  
;lhility to ~xcdict watcr tahlc rel?o~l:icl and ;icitlic 
clisclinrgcs. This coulcl hc ;L L I S C I ' L I J  guide in thc 
design ol' long-[cl-m nlonitoring sli.atcgics. 

In a separate s t ~ ~ d y .  tlie National Rivers A~ithori ty  
recently commissiollecl some prclimin:~ry modelling 
work on the problem of water-t~thlc reboilncl in 
County Durhani""); tlic concepruill riiodel de-  
veloped in that sti~cly is similar to the one outlined 
here. Ilopelully, extensions of this work in thc 
future will aid in the forniulation of strategies for the 
prevention ancllor mitigation of aclvcrsc environ- 
mental irnpacts. 

ENVIRONMENTAI, IMPACT, PIIEVEN'TION, 
MI'rIGA'rIoN 

Wherever rising groundwater levels occur, a nunlher 
of environmental problc~ns might he anticipated; 
most of  these have been reviewed recently by 
Brassington and otliers'"~"'. In the case of C'ounty 
Durham, howcver, the grounclw:~ter cluality wliich 
will tlevelop during water-table rebound leads to  a 
nurnber of problems not encountered where rising 
groundwatcr is of good quality. Again prcvious 
experiences in  cotl land"'^^".".'"' arc a useful g ~ ~ i d c  
in preparing a catalogue of potential prohlerns in 
County Durham. 

Tahlc 111 lists a numbcr of environmental impacts 
which may arise from water-table rebound i n  
County D ~ ~ r h a m ,  along with techniques for the 
mitigation of these effects. Perhaps the most critical 
of all the potential impacts (and certainly tlie most 
visiblc) is the polluiton of the River Wear and its 

tributaries, which can be expected t o  havc serious 
consequences for the ecology of the river("', and 
could render the ptiblic water supply intake at 
Eumley unusable. North East Water would have to 
seek aliel-native resources to n ~ ; ~ k e  up the potzntial 
X'%, shortfall in  the supply to the City of Sunder- 
land: indeed the shortkill could he even greater i f  
some of their public supply wells to the south of 
Sunderland (which penetrate the Basal Permian 
Sands Aquifer) werc also renderecl unusable by the 
ingress of polluting Coal Measures water. 

With regard to groundwater pollution, the Basal 
Perminn Sands (which locally lie between the Coal 
Measures ancl the Magnesian I,ir~>cstone Aquifer) 
are clean quartz sancls which are  highly permeable 
hut ( ~ ~ n l i k e  the Limestone) have little o r  no natural 
buffering capacity. Thus Coal Measures watcr rising 
into these sands could cause significiunt pollution 
(Table 111). As regards the l.,imcstonc itself, the 
cxperiencc i n  the M;tinsfortli illustrates 
that the 1-imestonc can buffer invacling Coal Mea- 
sures water (though there must be some lc:u of the 
twrsistencc of high sulphate concentrations) ancl the 
cessation ot'dcwatering might locally add to the total 
resource in the aquifer. Indcecl, the long-term effect 
of the rise in tlie watcr table near Mainsforth has 
been gradually to increase the baseflow from thc 
I,irncstone into the River Skernc. improving water 
cluiility hy iidcling to the [low available for clilution of 
sewage effluents. 

Subsiclence risk will be incrcasctl only where old 
'borcl-~uicl-pill~ir' workings arc intersectccl by the 
rising water table. This icppcars to hc 1i;ippcninp 
ulreacty in the area arouritl Tynctnouth, where water 
tiil>lc rehound commencecl sonic years ago. Areas 
where all mining has taken place by longwall 
tcchniclues are n o t  exlxctcd to show ariy furlhcr 
suhsiclcucc its a result of' water-table rehound. 

C)lhcr long-term cnvrionmcnt:~l prohlcms :tssoci- 
utctl with the al'tcrmath of mining includc 1-1roble1-n~ 
of 1andsc:~ping anil re-using For~iicr pit-heaps ancl pit 
yards. Except where old shafts become the foci for 
acidic discharges, these environ~iie~ital problems arc 
largely independent of whether o r  not water-t;thle 
rebound occurs. One hazard associatecl with 1:unds- 
caping old pit hci~ps has come to light 1;ltcly at the 
L'orn~er Watergate Pit neiir <iuteshcad ( N Z  220002). 
At this site, o pit heap which was abandoncci in  ttre 
early 1980s sudtlenly caught lire hy spontaneous 
co~iihustion in 1001. 'l'wt) years latcr. alter receiving 
a derelict land grunt fro111 the L)cpartnient o f  tlie 
Environment, Ciateshead Council have begun a 
remediation progrnnimc involving controlled cxca- 
vation and burn-out of the heap section-hy-sectior1. 

While localizecl mitigatio~i/rcmedi:~tic~n rncthocls 
arc listed in Table 111, it musl be stresserl that 
prevention is hetter than cure, but tliis can only he 
ensured by the indefinite contin~1;ltion o f  pu~tiping in 
the exposed coalfield. In designing appropriate long- 
tcrrn pumping strategies, it woulcl he irnportanl to 
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3 .  Lciss of nnicnity viiluc and use cif river 
for contact sports 

4. Potential liazartls to livestock 

Iruc~.$cctton 01' I;~ndlills. I'oitnclations. 
scwcrs and buried scrviccr l>y risen water 
t;iblc 

CirouniIw;iicr pollutl~>n In nclinccnt 
nqi~ilcrs ( in p;~rticulnr tlic Basal I'crinl;in 
S;intls ;ind Iocalizcil (2u;itcrlritry Sirnil ;irtd 
Ciravcl) 

l .  l.c;~ching 01' niet;ils and other pccics 
f ' r ~ i ~ i  I ; i t i t l l i l l ~  wirich were Scirmcrly ;thovc 
the wtitcr tahlc (Wear v;rllcy ;tnd '1'c;trn 
valluy) 

2 .  Increased Hows (with poor qu;~lity 
L V ~ I ~ C I . )  i l l  old scwcrs i l l  low-lyirig ;ire;!\ 
(L)urh,im. C'lic\tcr-lc-Strcct. 'I'cnm 
valley?). Icodiiig to prc)hlc~iis i t t  trcatntcnt 
works ;ind ;it storni o\,crllow\ 

I .  L.onp-cstahlishcd public silpply wells 
tic:ir I:;i\ingtiin may heconic ~inusuahlc 

2 .  I'rivi~tc s~r i~rgs  i111ij h~rclioles ill 

C)~ta(crnary dep<,sit\ may hccomc 
~tnus;ihle 

3. Acidic liig11-aulpl~atc groitndw;itcr mity 
illtack 1'1~rtlanil ccrnctlt in lol1nd;itions. 
.~rlrl i~thcrwi\c cause buoy;ini'y rslatccl 
p~~ll>lcllls (sillllc ~lrh~lll Llrcils) 

l .  Partial hacktilling oC puhlic \upply 
wells (nlhcit with c~in\cqucnt lois (11 
yiclcl) 

1. Soul.cc rcpl;~ccnrc~~l lor sn~;lll 

I .  liising g[-ountlaatcr i n  old 'I~ortI-;~ntl- 
pillar' wcirkirtgs can 1c;lil to 4:tking 01 
\c;~l-c;irths a id  ~itlicr It1coillpclcnt 
litliologics. Ic;~clirig 10 coll;ipsc 01' oltl 

Surk~cc gas ctrii\sion> Sotiic rnietIr;inc ;ttrd citr1io11 tltoxitlc 111ay 
l)c Forcctl C I ~ I  ; i t  tlic surklcc ;~ltc;iii 01'  the 

rec;~l l  111~11 e v e n  p21rti:ll r ecovery  of t h e  w a t e r  t ah lc  
will g c n e r a t e  ac id ic  w a t e r s  which would  r e q u i r e  
t r e a t m e n t  b e f o r e  d i sch ;~rgc .  'I ' l iercforc, t h c  r e d u c -  
tion in p u m p i n g  cos tq : t inc ' c i  hy  ;~ l lowinp  a par t i a l  
r ecovery  in l eve l s  (a lbe i t  b e l o w  t h e  r iver  b c d )  might 
b e  offsct h y  t h e  iricrcasccl cos t s  of t r c :~ l lncn t  (at 
p r e s e n t  t h e  pi lnlpet i  w a t e r s  listccl i n  Tal?le I 1  a r c  
su i t ah le  For cliscllarge w i t h o u t  t r e a t n l c n t ) .  

I f  long- te rm p1111ping is tlccrnecl t o o  c x p c n s i v e ,  
thcn o t h e r  o p t i o n s  a r c :  

( i f )  '1'0 iillow w;!tcr-l;il>lc rel?our~tl to occur i r r  ;l11 

1111c0lllr011~l1 1ll:lllllCs. ;lllcl ri1i.c toe CoIlseqllCI~Ceh 
listecl in 'l'al>lc l I I ,  with loc;~li/ciI attempts at 
rnitigi~tion O S  cnvit'or~mcnt;11 ifnlx~cts whcr-c proh- 
Icrns ari\c. I I  nliist I>c iic~tcd LII:II miligalion of tlic 
~ n a j o s  p r ~ ~ h l c ~ r t s  01' s ~ r r k ~ c e  W;I~L , I -  pc)lluliori is ~rnlik- 
cly to I>c s;ilisI';tctory: ;irtcni[)ts to flritipatc ;I 
~xcv ic~~is ly  ~ ~ ~ i e o ~ i t r ~ ~ l l ~ d  i~citlic nrilrc ~lisclii~rpc 1'ro111 
[tic ;il>ancloncd Ilailly co;~lliclcl in Ayrshire have rnel 
\vitli little s u c c c s ~ ' ~ ~ ' ;  antl 

( h )  '1'0 irntJc~.tal<c a [)Ii;isccl sl-iuttlowr~ of tlrc ilcwatcring 
schc~nc ,  allowing each pond io overspill to  the 
surface in turn,  so that the tot;il loatlirlp crllcring the 

Kivcr Wear iluring any ~)criotl 1s tlcvcr ovcrwhcl~ir- 
ing. i'urnping coultl c~oniinuc I'or rir;~ily ( I C C ~ I C I C ~  iii 
nciphbouring ~)onils t1i1111 the I 'csr~rgi~ro~~s ~lis~liiirgc 
frorn tire latest closet1 [?oncl has tleclitrcti to lr~lcr;~l?lc 
Icvcls. I n  the long l c r t~ i ,  all ~,t~ttrl,irtg wo~ilil ccasc. 
t h o ~ ~ g l i  Ihe ~ I I I ~ I . ~  S I I L ~ ~ ~ O W I I  I > S O ~ C S S  111;ly I L l l i ~ ,  OVCI. ;I 
century. It is Irarcl to cnvisi~pc i~ny  O L I I C I .  S I I L I I ~ I ~ W I I  
strategy whicli will ~rci thcr  c;~tisc consitlcrablc 
tictcrior;itiorl 01' the cnv i ro~ i~ncn l  i n  ('ourity I>us- 
Ihiirrr, nor i ~ i c ~ i r  lllc col~sitlcriil)lc C O ~ [ S  (11'  j)tr~li})i~lg 
i ~ n d  trc:~tiiig witer  iil'tcr {):irti:iI w;itcr li~lilc r c t > o ~ ~ n ~ l .  

VACUUM O F  IIRSPONSBll%il,B'rY 

T h c  preven t ion  of environlncri ta l  tlegraclatior~ wlien 
coalfields a r c  closed p r e s u p p o s e s  t l l ;~ t  soiile organ-  
izatiori has  l ' o r~n ;~ l  rcsponsihi l i ty ,  allcl suitablc 
f~lnt l i r ig ,  t o  i~nc lc r takc  t h e  ncccssary prcvcntiorll 
r c m c d i a t i o ~ i  works .  IJnfor . t i~natc . ly ,  tile i'irrrcnt 
udrninis trat ivc f ran icwork  i r ~  t h e  IJ!< I'os tlic prcvcn-  
t ion of pol lut ion a f te r  coi~lliclcl c losure  is far frorn 
c l e i ~ r .  T h i s  has  led to t h e  t l c v c l o l ~ n i c n t  ol a vi1citi1111 
o f  responsibility in wliich t h e  o r g ; ~ ~ l i s a t i o n s  with n 
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major interest in the issue (British Coal, Nationai 
Rivers Authority, Department of the Environment, 
Department of Trade and Industry) are all appar- 
ently declining to accept or apportion responsibility. 

With regard to British Coal, the relevant legis- 
lation can be read as encouraging the Corporatioi~ to 
presume that they bear no legal responsibility for 
the environmental consequences of the cessation of 
dewatering. For instance, the Environmental Pro- 
tection Act I990 exempts mining operators from the 
long-term 'duty of care' imposed on other industrial 
land users. Furthcrlnore, British Coal could defend 
itself against proscc~~tion under s. X5 of the Water 
Resources Act l991 (which prohibits 'causing or 
knowingly permitting' river pollution) by citing S. X9 
of the same Act, which exempts 'permitting' dis- 
charge from abandoned mineworkings from liability 
under the Act. Whether 'causing' p o l l u t i o ~ ~  by 
stopping pumping coultl be t'ouncl to be an offence is 
far from clear, although limited case law suggests 
tliut this may be the case; the appeal decision 
holding the then National Coal Boarcl responsible 
fo r  'causing' pollution ;it D;~lquhnrran, Aysshirc, by 
discontinuing a dewatering programme"') sets a 
precedent which clocs not Savour the notion tliat 
British Coal has no liability ~lndcr  current leoi.;la- 

@ . ~  
ton".". This is s~nall comfort, however, s ~ n c e  
prevention must he prcl'crred to cleaning up after 
the onset of pollution. 

The  National Rivers Authority (NKA) has niacle 
few public statements on the issues so far, and it is 
presumed that iritcrnal discussions must still be in 
17rogrcss. IIowevcr, in a H H C  North-East television 
interview o n  X F c b r u ~ ~ r y  1993, ail NKA spokesm;~n 
indicated that the Authority regarcls British Coal as 
rcspo~isiblc aricl woulcl seek changes in relevant 
legislatio~i if necessary. 

The  Department ol' Trade and Ilidustry receivecl 
several submissions from local i~~rthorities("" and 
others during the Coal Review suggesting that the 
costs of pumping to prevent environmental dcgra- 
dation in County Durhatti shoulcl be taken into 
account when the economics of Easington and Vane 
Tempest ccollicrics werc assessed. 'The outcomc o f  
t h e  review suggests that these issues werc not 
considered relevant (neither colliery was h' ' I V C I ~  il 

total reprieve), anti when the Coal Review White 
Paper finally appenrecl in March 1993, the only 
references to environmental iss~rcs werc brief state- 
ments  noting that ;I reduction in coal burning for 
power gencnltion will help to rcduce atmospheric 
cn~issions of COZ and SO,; there is no mention of 
potential acidic mine-clrainage problcriis(~.". 

T h e  views o f  the Department of the Environment 
a r c  prcsumahly represc~ltcd by thc answer to  a 
parliamentary clucstion given by Mr Maclean, the 
E ~ ~ v i r o n m e n t  Minister o n  17 February 1993, to  the 
effect that '. . . Ir i.s f i r  fjr.iti.s/~ (,‘air/ arid the N ~ t i o r z u i  
I<irvcr.r Alithoriry . . . to cotzsidrr wllur act ion r~lriy 
rlcc,d to he T C / ~ C / Z  to rlvoi~i poll~ctiotl . . .'(?". 

As each organization passes responsibility to 
another. the circle is completed and thc vacuum of 
responsibility remains unfilled. This situation would 
be perplexing enough if thc shortcomings in legis- 
lation had only just been re;~lizcd: however, as long 
ago 21s 1973, the then Nor.thurnbrinn River Auth- 
ority was ct~ncerned about this same vacuum of 
responsibility. Planning ahead for the day (now 
rapidly approaching) whcn the dewatering scheme 
would he shut clown, they wrote that: 

'. . . tro clear. ru,spotrsibilic?' c,xi.sl.s loln'rr prewtu l(,fii,s- 
/(rfio~z.s f i ~ r  t/1c, /r.c2(ittr~or~/ 01 t t ~ i t ~ i ~ ~ v ~ t c r  Oi,sci~(ir,yc,.\ . . . 
~ / I C S ( ,  prob1~111,~ /~[ii ' i ,  ht,etr rmiseti ( ~ f  U t~ciriorlrrl level . . . 
kvifll crrrtrcil Cio~*ertcr,~r~~f Dcj)nrtrrrrt~i.v. As yci, howei~er, 
rro .\trti,s,filc,ror.y .sol~~iio~~.c. Ililvc bec.11 Joir~~il  . . . '"I 

Twenty years later, 'satiskactory solutions' are still 
awaited. 

?'OWARDS A CONSENSUS 

In an increasingly litigious culture, talk of using test 
cases as a means of determining rcsponsihility for 
niinewnter discharges is already to be hearcl in some 
cluurtcrs. Fiowevcr, there are two obvious problcnis 
with adopting such a confrontationi~l approach to 
pollution control: 

( i )  A test c:iac can orily he hcarcl whcn pollution has 
alrctttly commcricccl, anti i t  is therefore of n o  use in 
prcvcriting pollution i n  the lisst plocc; :und 

( i i )  'I'lic consitlcr;~blc skills, cxpericncc and encrpy ol' 
13ritisil C'ot~l woultl he squaritlercd i l l  dcl'cnclirig 
court cascs rnllicr tli:~n in  workirlg coopcrativcly 
with othcr institutions in  the planning ol' cost- 
cl'l'cctive pollution control strategies. 

At :I ~,hilosophicaI level, the 'polluter pays prin- 
ciplc' is not ideally suited to :L situation which has 
dcvclopcd over niore t t ~ a ~ i  three hundrecl years, in 
response to national ncccls ancl priorities. Ilritish 
C'oal h ;~s  niercly inherited the ~~nconscious 'sins' ol' 
our forcf'atlicrs. I t  therefore seems unf'air (as well as 
counter-productive) to attcrnpt to attach strict 
liability for any problems which may arise to British 
Coal. 

The ideal outcome woulcl be for the Governrne~lt 
to clear the air by explicitly granting responsibility 
and funcling to some puhlic body (he it Iiritish C'oal, 
the NliA or sonie other orgai?iz:rtion) to coordinatc 
tlic cnviron~nent;~lly sound ctecomrnissiorii~ig of the 
coalliclcls. Iiesci~rch, planning, monitoring and 
engineering for the prevention andlor minimization 
of pollution :uid other environmental impacts coulcl 
the11 be untlertaken in an atmospllcrc of consclisus, 
drawing upon tlic skills, experience ancl data of 
British Coal. the NIiA,  the British Cicologi~itl 
Survey, L)epart~nent of the E~ivironmcnt, 1)cpi~rt- 
ment of Trade and Industry, thc ac;~dcrnic commun- 
ity ancl consultancies. 

F ~ ~ i l u r c  to resolve these administrative problclns 
will mean that local iu~thoritics, water cornp;~riics. 
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be left to pay for the clca,,-u,, of *hieh points which inevitably influenced the author while rcvis- 

2nrise i n  years to comz, not be ing t l ~ i s p t p c r  alter peer review. Suzannc Mcl-can 
prepal.ed the illustrations. The  views cxprcsscti i n  this 

larly jus t .  iks t h e  coa l f i e id5  develot7ed o v e r  hundrec i  paper are those ;tuthor do 
of years in response  t o  national needs  anci p r io r i t i es .  the ,i ,,, ol. any  organizlttion rllenliolle~ ill 
A s  m a n v  of t h e  coa l f i e lds  a r e  in areas of t h e  countn-v 

w h i c h  ;rlrcacly h a v e  Assis tec i  A r e a  status, the  IIIC~~IS 

t o  p a y  for  e n v i r o n m e n t a l  p r o t e c t i o n  m a y  in a n y  case 

b e  unavailable l o c a l l y  w i t l i o u t  c e n t r a l  g o v e r n n l e n t  

i n t e r v e n t i o n .  

I .  M o r e  t h a n  t h r c c  h u n d r e d  years of progressive 
r c g i o n n l  d e w a t e r i n g  of t h e  Durh:~nl coalf ielcl  a r e  

set t o  c o m c  to an e n d  w h c n  V a n e  T e m p e s t  and 
E a s i n g t o n  c o l l i e r i e s  a r e  c losed  in t h e  n e a r  f u t u r e .  

2. Bas ic  c o n c e p t u a l  m o d e l l i n g  suggests t h a t  w a t e r -  

table r e b o u n d  wi l l  o c c u r  o v e r  a w i d e  arca,  w i t h  

t h e  following p o t e n t i a l  e n v i r o n m e n t a l  impac ts :  

( ( I )  Surl'~tce watcr pol lur ion in the W ~ I I ~  calchmcnt; 
(1)) C;roclndw;ttcr p o l l u t i o ~ l  ill iicljaccnt acluil'crs, 

par t ic i~ lar ly  the Hasal Pcrrnian Sands; 
( c )  Le;ich~ng from landlil ls irllcrscctccl hy the rising 

water lablc; 
((1) C'ompromiscd integri ty 01' I 'ountla~ions ancl 

undcrgro~lnc l  scl-vices, wi th  sulphatc-rich 
mincwatcrs attacking I'ortlaritl cclncnt; 

( ' J c ~ ~ r ~ r i l y  incrc~isct l  risk o f  surface gtis ernis- 
sions; and 

( / l  I.ong-term suhsitlcncc rislc aa o ld  I>orcl-;tntl-pillar 
workings arc rcntlcrecl unst;tl>le hy inv:icling 
watcr. 

3. 1:f fect ivc p o l l u t i o n  p r c v e n t i o r i  p~.csu[q?oscs l l i a t  

t h e  c u r r e n t  ac l rn in is t ra t ive v a c u u m  of r cspons i -  

b i l i t y  w i l l  bc f i l l e d  by t h e  a p p o i n t m e n t  of s o m e  

p u b l i c  hoc ly  as t h e  a p p r o p r i a t e l y  lin;tncecl cnvir- 
onn1ent;rl c a r e t a k e r  of' [ h e  :thanrionecl cotdt ic lds.  

4. I:ailure t o  r c s p o n d  to th i s  challenge w i l l  l eave  

loca l  a u t h o r i t i e s ,  w a t e r  comp;ui ies (ancl t l l i rs  t h c i r  

cus tomers ) ,  c levelopcrs a r i i l  i n d i v i i l u : ~ l  p r o p e r t y  

o w n e r s  to p a y  f o r  21 s i t u ; ~ t i o n  w h i c l l  d e v e l o p e d  in 
r e s ~ x ) ~ i s e  t o  natior~all ncecla ant1 p r i o r i t i e s  o v c r  

suvcr;il c c n t ~ ~ r i c s .  

Many  tr1tlivicl~1als ctrntr i l>~ttct l  valual)lc iclciis which liclpccl 
the author clcvclop the conccplu;ii ~r rot lc l  ~>rcsc~r Iet I  ill this 
p t p c r .  I n  ~ x t r t i c u l ~ i r  he LVOLIICI l ike to tli;irik ( icorgc M. 
IZecvca O S  his owl1 I)cp;trtrricnt, Ji111 I!,llison of I)urlr;~nr 
t l ~ ~ i v c r s i t y .  I'ctcr l n ~ i c \  O S  1~;isington 1)istrict C'o~tnci l ,  Jini  
C'i1rri111 O S  l l i c  ('IvcIc IZivcr I '~~r i l ic : t t ion 13oard. ancl ' l 'ony 
W;ilthiim 01' Nottinglr;tm-.l'rcnt I.lnivcrsity. 'l'hc Li l l iot l  
family, Jock l'urdorr and o ~ h c r a  who workct l  in tlre mines 
arot11)d C'hchtcr-lc-Street hc lp lu l ly  proviclctl inl'orm:ttion 
o n  i1rtcrco1111ectio1rs I?C~WCCII : i l~antloncd nr i~ lcs in  tlrc area. 
('ontrihutors to the discussion ;it the I W L i M  C'oal Sym- 
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