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ABSTRAC?

The coal mining city and capital of Anambre State, mugua is
& major indusirial cemtre within laliutudes 6° 24» and 6°30?,
and longitudes 7° 30*. Mining began in 1915, coal being disco-
vered in 1809,

4cid mine drainage poses problems causing corroasion of mining
eg.g:ents end groundwater flocding. These have generated ccn-
8 ts in planning and management activities. The problems
have menaced ard bedevilled mining pregrammes, and resulted in
huge losses in financial reeources. The main geologic features
are the Nsukka Formetion (Upper Maestrichtien}; the heavily-
aguiferous Ajali Formation (Middle Maestrichtian); the coali-
ferous and aquiferous Mamu Formation (Lower Maestrichtian);
and the oldest Formation, Enugu Shale {Cempanian)., The Mamu
Formation hac five coal aeams ranging Ain thickness frox 0,5 to
5,0 m, The No. 3 seam has been mined in Commercial quantities.
The rocks are highly fanlted and Jointed, Both the Ajali
Sandstone and Mamu Formation have thick aquifer systems over-
lying the coal mines. The coal and shale iaysrs have 1tes
that gemerate acids, high iron, sulphate and silica with dis-
solved oxygen from recharge water or through aeration of mi-
nes. These have caused haxardous problems, consiraints to mi-
ning, and great losses to economy, Suggestions for problems-
solution are proffered,

IUTRODUCTICN

Coal was discovered in Cormercial gquantities in Enugu area by
Eritish Geologiais in 1909, It has been mined since 1915. Coal
as the oldest industry in Kigeria has supported the emergence
and existence of other industries such as transpert, anergy

utilities, cement manufacture, etc, and the economy. Five mi-
nes {Ckpara, Cnyeema, Ribadu, Iva and Ekulu) wers eariier ope-
ned. Thres have been closed except Onysama and Okpara wmines,

Coal production (estimated reserve, 1.5 million tcns; has de-
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slined steadily as high &8 two~thirde. This was cansed

by mines flooding during the threse-year-long Nigeria-Biafra
war when ail mines were abandoned; later the woerul fallure of
mechenisation of mirning teconigues; and the emergence cf Petro-
leun a8 2n alternative source of energy and foreign exchange

earnings.

Enugu is the capital and admirnistrative headquarter of Anambra
State, Nigeria (Fig. 1). The urban centre grew up and develo-
ped from the emergence of the coalmining activities and kence
its popular of ®Coal City". The suburban and rural towns of
Ngwo, Udi, Emene, etc. ere equally affected. Industrial, edu~
cational and bueciness activities have bean stimulated grestily
by coalmining activities. Unfortunately, because of the de~
glinéng fortunes of the ccal industry, the economy has suf-
ered.

Coal is found in the Mamu Formation (L.Maestrichtian), The
thick Nc. 3 seam is mined, leaving cut Nos. 5, 4, 2 and 1
because of their smeller thicknesses, The Enugu coal is sub-~
bituminous, of medium quality, non-coking and has relatively
kigh ask ccntent, frisble and susceptidle to weathering, and
iow fixed caxrbon., The coal serves for both domestic uses and
export but the myriad of blems bedevililing mining and the
failure of the mechanisetion process and hence reversion tc
old erude mining methods ted in 3Jow production that
dces not satisfy internal and export markets. Thus, the Ni-
gerian coal industry has great economic potentials if the
hygrogeological, ‘hydrogeoctechnical and economic problems are
solved,

The Eima_xz gbjective here is to present and discuss more
findings on the ogeological and hydrogeotechnical pro-
blems ard mining constrainte of Fnugu coai mines, and prof-
fer suggestions for solutions, Although new ccal mines have
been opened in other paris of Nigeria, the gscope of study
shall be Enugu area which may serve as a case exemple of si~
milar mining activities not only for Nigeria but other deve-
loping countries in similar situations,

CLIMATE ARD PHISIOGRAPEY

Enugu area is strongly affected by two major seasong of the
year in Nigeria, namely, dry season and rairy season. The dry
season covers montha of Cctober to March, caused by zirmass
that advances from the Saharan region southwards bearing dug-
ty, dry and gcld conditiors and msking life moat unconfortab-
le. It causes leaf fall and general lowering ¢f gurface and
subsurface waterlevels, The raiuy seascn gpans trLe months of
March to October with warmar bumid conditions and heavy rain-
fall thet way reachk 1,500 tc 2,000 pm per year., The rains oc~
our wainly a8 thunderstorms, strcng showers cansing extiensive
flocding and groundwater recharge, sheet outwash, rill, chan-
nel and gully erosion (Egboka, 1983). During the rains there
are large discharges from rivers and their tributaries in the
area, some flowing out from the mines (Pig. 1).
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Enugu area is bounded by latitudes 6° 24‘and €° 3¢‘and longitu-
des 7° 26 and 7° %0°, in the wast by the Nsukka~Udi-Awgu escar-
peent snd in the east by the Cross River plaine (Egboks and
Dma, 1985). The imposing northsouth trending escarpment witc
steep scarp facing Fnugu town, has hille of elevation up to
1000 ®,a.m.8.1, While the scarp with slopes between 75° and 90°
faces eastwards, the gemtle dip slope of about 30°.45° gaces
westwards. Both sides are ravaged by soil and gully eroaion,
The Bnugu shale, Mamu Formation, Ajali Sandstone and Nsukka
Formation form the cuesta. Major rivers with source areas in
BEaugu ares Cuesta flow down deep valleys with many water falls.
They include: Ekulu, Nyaba and Atavu Rivers emaneting below the
scarp face snd flowing into Eboine River that discharges into
Orose River; AjJali River and tributaries flow out from dip slo-
pe into Ansmbra River that discharges into River Niger. e 68~
carpment forms naigr surface water and groundwater divides for
these rivers and :y:mlex er pystems. Thus, Enugu &rea
provides a ¢ ex ogical, hydrogeological and geotechni-
cal framewark t cry for solutions before successful economioc
activities can be executed (Bﬁokt, 1985). The rainforest belt
in the area has given way to the Savennsh, This is caunsed by
sntropogenic activities. The Enugu urban with all its economic
and social ectivities sits an top or very close to the coalmi-
nes, . '

GBOLOGY OF THE AREA

The geology of area (Pig. 1) has been deseribed (Simpson,
1954; Reyment, 1965; Offodile, 1980; and Bgboka, 1985; and Uma,
1986). More detalled geological and geophymical work are still
required to und the geotechnies, tectonics, surface wa~
ter /groundwater flow patterns, and recharge /discharge systems.
The research grogrmu are in progrsss. The oldest rock is
Enugu ehale ( uum.tan), fractured end forming plains east of
the escarpment. 8 overlain by the coal-bearing Mamu Forma-
tion (1. Masstrichtian) where coal is mined since 1915. It con~
siste of 5 coal seame, shsle layers, sandy shales, wudstone
and sandstone members, This is fairly aguifercus. The sandsto-
nes are fims-to-medium~grained. The Formation is ebout 395 m
thick and is highly jointed eand faulted, 1like movemente
geem to be accurring along some of these faults / joints xa.rti-
ocularly in the mines, The Ajali sandstone (Middle M ch-
tian) is sbout 406 thick, heavily aguiferous and overlies Mexu
Formation, It consists of thick friable, poorly-sorted sendsto-
nes, white in colour but ferruginised in places, It is predomi-
nantly coarse-grained, has characteristic cross-bedding, and
shal e /mudstone intercalations. It is overlain by the predomina~
ntly shaley and coaliferous Nsukka Pormation (Upper Maestri-
chtian) towards the north, but by laterite / red earth southwa-
rds, As a result cf the migration of the Campenisn /Maestrich-
tien boundary westwards as indicated by the northsouth tren-
ding escarpments, many gullies, canyons, cavea, new streams /
springs /waterfalls and floodplains have developed., The rivers
emerge from Ajali aquifers and gain tributaries downsiream from
the Mamu aquifers,
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o BEYDROGEOLOGY ANL SEOPECYRITS — D

The hydrogeology and geotechnice of Erugu ccal mine area are
compiex. They ars ret vo be egtudied in encugr details to enab-
le a comprenensive description to be made. Various workers
have contributed toc the existing literature (Reyuent, 1565;
Simpeon, 1954; Offodile, 1580; kgboka, 1983 and 19€5; and Ugwu,
1984). The studier have still left a lot of complicated and un«
answered questions uvr the surface water-groundwater interactiors,
flows and geotechnics vis-a-visg the coal mines. Ugwu (1984) dee
scribed the gectechnical problemes and economic losses guffered
by the Nigerian Coal Corpcration particularly since the failure
of the mecchanisation. The Corporation has reverted to old cru-
de mining methods.

Ajali Sandstone and Mamu Formation have aquifer horizone that
contribute water toc mine in-flows., The Ajall aquifere are co-
arge-grained and provide higher discharge while the Mamu aqui-
fers are fine-to medium- grained and highly-fractursd with lo-
wer discharge (Egboka, 1933 and 1985). Offodile (1980} argued
that groundwater inflows intc mines come from ovarlying Ajali
aguifer., He suggested dewatering of Ajali aquifers to check
infiows. The earlier British geoclogists and some officials of
the Nigerien Coel Corporation tend to agree with thie view
(Unpublished datz). Sowever recent findinge indicate that both
the Ajali ard Mamu aquifers contribute watex 4o the ccal mines,
Egbtoka and Uma (136%) supgested a percentage ratic groundwater
contribution by the Aj2li and Mamu agquifers to be 30% and 70%
respectively, More informasion indicate that the Mamu value
may be high, but it is believed that Mamu aguifers cortribute
ap to S0% of water inflows. The colution of *the source-pro-
blem of mine water is cf pzramount icportarce if the acid mine
drainage problems are {o be checked.

The Mamu Formation of immense thicimess anéd the rocks dip te
the west or westnorihwest with engle of dip measuring 1 to 7.
Many fault systems (Fig. 2 and 3), majority of which struke

out northwest (Simpson, 1954) inclue: The Kyaba favit with a
downthrow of 18 m to Westsovthwest along which Nysba River
flowes The Hayes fault with a throw of 8.4 m in westsoutbwest;
The Iva fault system (Fig. 2 and 3) observed at Iva and Cgbete
mines forming the deep Iva valley. it is made up of a numter of
faul%s some throwing eastnortheast or westascuthwest, Faults are
exposed along many creeks, gireams and rivers; Ogbete faults
(Fig. 2 and 3); Obuga fanlt with a major *throw of 18 fo 24 » in
westgouthwest; Juju Hill fault that cute across Asata valley,
trending norheast with & downthrow to the east of more than 60
m; and Atavu fault system along which Atavu River frow a cave
at Obioma~Udi flows.

In addition to these faults, there are mwany intercecting horsts
and grabens. The characteristic features are: the conrsolideated .
1ndurated bottom layer of the Ajali Sandstone described as
White Sandstone awd the Mamu Formation are fractured to display
Jointe, faults. horsts ard grabens, *hese features being welle
¢isplayed as a vadland Yopogrsphy on the scarp face of the cue-
sta; these paleotectonic features enhance the westward progre-
ssion of the Ceppanian-Maestrichizan boundary throughk aeotecto~
nic activities, and gully erosion; the neotectonic activities
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iaciude creep muvemente along 1aultl cchneg .n ke mines, land
subhsiaence and giides, ete,; major rivers, streast cnd lakes
energe from these faulted 'jcinted zores aad Letween A)ali’

Mapu and Mapu /Enugu shale bounderies, The major rivers axd la-
kes include Ekulu River, Nyaba River, Atawvu River, Iyisku Ri-
ver, Ajali River, Nvene River and Kike Lake (Fig., 1). There are
perennial and provide heavy discharge botk during rainy an¢ dry
seasons and their source recharge areae seem t¢ be within Enugu
ares and environs. ill these suggsat = major hydrogeclogic and
groundwater rerervoir regime still remaining unexpicited despi-
te the attendant problams.

Ime hydrogeochemistry and hydrogecmisrobioclogy have Leen discu-
8sed not-in-devail by Egboka and Uma (198%), The mine water is
acidic, has high iron, silicaz and sulphete concentrations, low
digsolved oxygen and strong odour of hydrcgen sulphide gas in
the mines. The bad quality water is continuously diascharged
thrcugbk pumping intc adjcining rivers: which are thereby pollu-
t2d evan though rurel dwellers downsirear use them for various
purposes, For an example, over 18,1 million litres of untreated
rine water are discharged into Ekulu River from Cnyeama mines
daily. The shales ard carbonaceous levers have pyrite, Incoming
digsolved oxygen in recharge water react with pyrite to produce
reddish scums of iron hydroxide, sulphate and hydrogen ions
{acidity). These activities whick may have been occurring even
during tne coalificatior history umst have been mediated by
bacteria to produce such high levels ¢f hydrogeochemical para-
meters now recorded. These are being investigated.

HIDROSECLOGICAL AND HYDROGEOTECENICAL CONKSTRAINTS

The above hydrogeclogicai, hydrogeochemical and hydrogeotechni«
cal parameters have caused grsat declines in coal production,
mine ascidents and hazards resulting in loes of lives, and downe
turn in economy of the Nigerian Joal Corporation. The major con~
straints are as fcllows:

‘e ¥ine YWater inflows and flooding are & major problem hind-

ering nining as dewatering beaxr great financial costs, The mie.
nieg environment seema to dbe within the rechorge area of major
aquifers. Sources of water intc the minesa include: surface we~
ters (stresms/rivers) entering shallow workings: Kine water in
sharte sunk througk aquifers from above; Feeders Zrom fault
zenes figsures and sompleX joint network in fractured rocks
1Fig., 2, 3 and 4; Water entering from cutcrops under over-
1l7ing strata; wWater~bearing overiying and underlying etrava in
contact with or in close proxiwity to ccel geams 3r sual bea~
rirg uwnite {Fig. 4); Water from adjacent minee whether oicsed
>r working and sometimes water logged; during ke Nigerian-
Biarra War that lasted for stout three years i(between 1267 and
1970), all mines were abandoned resultirg in their heevy flo-
oding and grest damageec; Water dripping down continuousiy from
the 2oof of arch ring supvorts, water &t heundary of faull
planes forming a pouvl: water dripping from coal face betwesn
layers and frecturea iFig. 4); Waoter from a place where mi-
nirg has irtersected en abandoned borehols at the bottow, po-
6zitly gome other horeholse sunk during expiorations for cosl
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and water may poae similar haserds; anu roef cocllaps2 of mines.
he Iyicfe strear at iboh (¥ig, ©) disappeared nndergrounc whes
re the roof cracked, anc flooded parve ¢f Onyeama mine, foruing
the deaign of a new course for the siream. Use of explosives
and tlasting devices causes mine ingvability, generation of new
fractures and developmen® c¢f 0lé ones {faults/jeinte). This
ghould be discouraged.

Ze Paleotectonic snc nectectonic activities have made mining
hazerdcus. ibe 0lgd LeCLONic features seem -0 De active neotecto-
nically particularly as mining progresses, Roof and wail collas
pse, ‘tunnel-floor upwarc heave; lendslides, creep~movenents
along fault lines, ccllapse of tunnels anc supporte, cracking
gf buildirgs above ground surface, and subsidence are recorded.

Ze Corrosion of Mining Ecuipments was the major cause of the
woeful failure of the macharisaticn process ir which kuge finan~
cial leosses cccurred, Any metal or material that is not acid
resistant is corroded or damaged inside the mines. Thus acic¢
rggistance materiala are required.

4, Public Health problemsg are nct yet considered 28 se-
rious constralnts. Iﬁe acid mine water, HpS gas, high iron and
sulphate, and coal duet are thresta to miners and others who
work within the area. The public health implications are not
inown to have been investigated,

B Urbanigsation activities disturb miring., The mines are
clogse T¢ or neneath o ugu, and pass under Udi, Adboh, Ninth

Milas, etc, and below the Enugu-~-Onitsha expressway, The urban
develcopmentsal programmes contribute to gensration of high rue-

poff and mine flooding, etructural settlemerts and slope sta-
gility, lendslides, gully erogicn and seepage/foundation pro-
lems,

SUMMARY AND SUGGESTIONS

Mining activitlies particularly in many develping economies
such as this case study discussed above pose very hazardous
problers, It ig a common event tc read of mine failures and
accldents causing logs of lives and monies from different
parte of the wordl, even in some developed countries., These
preblems arcse because mine plannerc and mabagers rarely serio-
asly consider nydrogeologic and geotechnical data of the coal
TWines end their implications before mining. The following su-
geestions could make coal mining in Enugu area safer and more
productive if considered and implimenteaq:

T The recharge areas of majcr agquifers now diacharging into
mines must be defind and properly establish sources ¢f water
rom the different aquifers. Theae information woule facilitate
dewatering programmes;

2. The gourcee and types of acidity and gases within “he mi-
nee wuat be investigatea and asefined for control:;

36 The present crude mining methods ghouid be replaced oy s
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remechanisasicn process after proper consideratiou of 4ne wa-
Tious physical, chemical and tiological characteristics;

é. Redirect major surface waters flowing above mines away
frow mine areas;

Se Redirect planning and developrent of urban areas away
from mine areas;

6, Investigate public health implicaticns of coalmining and
take remedial actions against deleterious ones;

Te Socio~pelitical interferences in coalmining, planning and
management must be discouraged. The Nigerian Coal Corporstion
should be funded adequately to be able to pay its staff, initia~
te applied research programrmes for the benefit of the coal indu~
gtry, be provided with better working conditions for detter pro-
ductivity, end foreign markets be found for Nigerian ccal; and

8. Monitoring ard maintenance programmes should be on a con-
tinuous baais, Complete cooperation, integrated in nature, pust
exist smong, the geologists, hydrogeclogists, engineers and ad-
miniatrators in tackling the coal inauatry problems.
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