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EXPERIENCE AND IDEAS OF DEVELOPMENT ON THE CONTROL
OF MINING UNDER KARSTIC WATER HAZARD

Alliquander, E.
Min.E.

ALUTERV-FKI
1126 Budapest, XII., Bdszdrményi ut 44-46.

SUMMARY

Mining and hydrogeological relationships in the huge karstic
water resources stored in the Hungarian Transdanubian Moun-
tain are described. The importance of the knowledge of tec-
tonics and physico-chemical aquifer properties is empha-
sized.

Result and related high cost of passive mine water control
are briefly discussed.

Details are given on the successful application of active-
preventive control applied in bauxite mining.

A drilled-well system based on a shaft and tranaversal
drains is recommended for local mines. This system can
operate as a water works independently from, or in close
cooperation with mining operations.

The suggested system operates with submersible pumps in a
booster mode, eliminates mine flooding and makes exploitable
the considerable mineral resources of the water control pil-
lar. As a result, both its construction and operation are
more economic and it may operate further after mining ter-
minates.
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Karstic water resources of the Transdanubian Mountain have
caused much problem and hazard for mines in the regien.
Nining is compelled to expleite deeper and deepsr laysrs
in order te meet growing isdustriel demend, and so, haretic
weter heszard increases gven :ore rapidiy.

The geological structure and cosposition of this moumtain
have been broadly studisd. Geoclegical and hydrogeologiosl
investigations demonstrate that the regionsl mesesoic cer-
bonats squifer has no hydraulic commection sither with the
Kisalf8ld hot wmater aquifers or ithe mesogzoic hot water
agquifer located 3outh of "lake Balaton line%, though scme
sncient grographic commection san be shown. Thus, it is
sufficient to study the regional mesozoic aquifer and the
younger peleocens and eocens overlying roecks. Also, comnsc-
tions with the upper-Pammonian aguifer and the quateraary
formations related to the river network and drainage basins
should be comsidered.

Mine water comirol depsnde mostly on the hydrogeologic pro—
pertie?2 such 88 the physico-~chamicsl paramsters and tecto-
nice of the mesoscic main sguiisr.

The mein mesozoic aquifer comsists mostly of limestone and
dolomite. Barlier, almost exciusively the limeatome was
stwdied from mine water point. This is natursl since the
solving effect and mechanicel degradetion ceuwsed by water
i® relevant principally to this carbomate rock. Pure dolo-
mite resiata the solviag sffect of water. Howevsr, it was
sghown that the regiomal dolomite is limy and pure dolomite
can be found omly in a very samll ares. Physico-chemical
propertiez of the limy deolomite are often more adverss
than those of pure limestone &2 far &g water hasard is
concernsd, For certain Cal-Mgl retio ths rock is quite ri-
gid and of cateclestic siructure end it becens powderized
¢r clayey where it contacted with emerging hot weter, Con-
sequently, it walter conductivity may be quite high. Having
this in mipd, a @=ore detailed chemical end structural ans-
I.ysi;a of the dolomite ie advisable in places of laratic wa-
texr gard.

#ining is gensrelly commectad to areas of highly disturbed
tectonics. Longitudinal and transverssl faults and displa~
ceasnts charscteris regional tectonice can be traced
over ths whole arsa. re are two main types of faults in-
fluencing weter haszard:

- preforming faulte comnscted only to mesoxoic rocks,
- faulte influsmcing also eocens and more younger layers.

The second type of faulte are sften the renewals of sgrliier
fracture lines. Thess faulie cas be even more 4dangsreous

from water hesard points, than the gresat preforming feults,
It i® incorrect to comsider feults characterized by a frac-
ture plain, except the zreat preforming faulte. It is more
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appropriate to regard fracture zones whithin which the ri-
gid cataclastic limy dolomite disaggregated possibly in se-
veral steps., Since these zones are not filled up or fixed
by any sealing material, karstic water may freely flow
through them,

A complicated three-dimensional underground flow process
has been going on in the regionally connected main meso-
zoic aquifer even in the natural state between inflows
and outflow, Artificial recharge and intake further com-
plicate this process, As a result, a longer observation
period is needed even in the local scale in order to give
a relatively reliable answer to all questions related to
karstic water, Earlier, only water authorities observed
and registered data on surface water budget.

During the recent decades, a great number of regularly ob-
served dats have been measured over the region of bauxite
mining, as a result of large-scale dewatering operation.

In addition, a considerable amount of data has been observ-
ed by coal mines in the region, and by variocus research
insatitutes, -

Karstic water hazard occurred as early as more than 100
Years ago in the Dorog coal mining. Mining controlled this
natural hazard always by equipment corresponding to the
given technical level., As for passive control, water con-
trel pillars, protection layers, grouting of openings and
water inrushes were used. The principle was followed to
stop inrushes by all means, and to eliminate them from mine
workings.

These methods were, however, very expensive, Ample data are
available on the Dorog situation where more than 100 drill-
holea of several tens of thousand meter length were sunk,
several hundreds ¥ of chlorhydric acid were used for en-
larging fractures, and, as grouting material, tens of thou-
sand tonnes of cement and more than 10° @ of sand were
applied,

At the same, about 108 tone cof coal are represented by the
water control pillars of mines flooded earlier and to be
opened again., In fact, these mines flooded in spite of the
great control expenditures and coal losses refained in the
pillars,

In our times, mining production has increased but passive-
preventive control has resulted in less and less Success
when, at the same time, mining authorities prescribed the
s8trict preventive protection of mine workers and property.
Water inrush events and mine floodings in Dorog between
1950 and 1970 show a sad picture. Altogether 18 inrushes
leading to flooding and production losses were observed,
As a result, in 1976 less than 40 % of the originally
planned mining capacity was available. Reopening of the
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flooded mines would require some nundred millions Forints
and several year very hard and dangereous work. This means -
practically the failure of passive-preventive control.

Bauxite mining in the Transdanubian Mountain reached the
karstic water level in the beginning of the fifties. Pirst,
passive-preventive control methods were used according to
earlier Dorog experience. After one-two years it became
evident that this conirol method could not assure undis-
turbed and safe mining even at the loss of high ore amounts,
The difficulties were even greater than in the Dorog coal
mining since here the protection layer between bauxite and
the aquifer was missing. Mining practice showed that either
a great part of passive-preventive control regulations could
not be met, or more than 70 £ of ore losses occurred. Also,
bauxite mining is very sensitive to water aggravating menual
mining methods and transportation, and making mechanized min-
ing inposaible,

Consequently, the introduction of active-preventive mine wa-
ter control was decided on. This methoed aims at water table
lowering corresponding to the regicnal dynamic karstic water
flow by a large-capacity pumping System.

This method should take into consideration both the physico-
chemical properties of the aguifer, and local micro and

macro tectonics. It is evident that not only the dynamic wa-
ter resources but a part of the static water should be also
pumped temporarily for local mining dewatering. Local dewa-
tering may exert regional effects and, thus cause environmen-
tal damages, depending on mining technology, aquifer proper-
tiee and tectonic loading. Mining should exploit the ore from
under the criginal karstic water by the highest possible pro-
duction capacity within the shortest time, with due regard

to the decrease of static water resources.

It cannot be neglected that the amount of dynamic water re-
sources to be pumped during mining period is much greater
than the pumped ratio of static water resources. As a re-
sult, the rate of mining determines economic efficiency
since a greater part of water to be pumped is independent
from the production rate. Active-preventive control has se-
veral alternatives and can be combined even with passive
control methods,

In the initial period, in 1955 bauxite mining developed a
local dewatering system for the exploration of mine Iszka II.
A traditional pumping station was constructed 60 m below

#he original karstic water level in the overlying rock and
the main exploration roadway of 2 km long was driven in the
underlying dolomite aquifer at the same level. Also, the
main haulage roadway at level +80 m, then at 2 m higher the
parallel main ventilation roadway, finally the water road-
way were constructed. This latter roadway included a proper
settling system from where water flowed down to the sump
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system under the pump cnamber,

This control method based on direct local head reduction

by direct drainage, called nowdays scientifically instantan
protection, was successful: the main exploration roadway
system gradually dewatered the ore body to be mined by
draining 1,2-1,5 ¥/8/100 m of water /Pig. 1/.

When new mines are opened in this region, no traditional
pumping 3tations are used but water shafts and submersible
pumpe. Al the same time, transversal drillings from the
exploration roadway system to under the bauxite body are
applied in order to accelerate the rate of dewatering.

In one of the most important bauxite mines, in Nyirdd, the
sclution of mine water hazard was the ey problse of min-
ing. This area was and is being explored in great cdetails:
the density of test bores is greater than 3/ha over an erea
of 2200 ha. The degree of regional tectonice can be il-
lustrated by the fact that some 200 bauxite leznses of va-
rious magnitude were found in the holes and sinka of pre-
formed faults, mostly under the regional karstic water le-
vel of +178 m.

Karstic water appeared at level +178 m first in 1950 at the
sloping shaft Tdncsics. This was taken into account during
subsequent mine openings., Beuxite lenses of Izame jor wera
explored in groupe by a central sloping shaft resching the
base roadway placed above kerstic water at level +180 m.

The different lenses were explored by méin inclines from the
basic roadwey. In such a way, a possible flooding of & lense
could be restricted to the same lense. Mining of these lerwes
had been undisturbed as long a8 the mining reached a level
30-40 m deeper than ithe critical knratlc water level. How-
ever, at level +149 m, an inrush of 17¢/min flooded the bau-
xite lense Iza ] in September 1956. It was repeatsdly un-
successful to groute this inrush in the underlying limy do-
lomite of heavy cziaclastical structure by the grouting me-
thods extensively used at Dorog. The solution of this prob-
lem beceme thes key point of mining,

Beuxite mining experts have inveatigated the water problem
in several studies. As beat solution was recommended the
pumping by submersible pumpe from boreholes, Outside con-
sultants considered this sclution as non feasible due to
the insufficient drainage capacity of drilled holes in the
underlying dolomite, Next, ALUTERV develcped a plan for
direct drainage in the area. Based on detailed exploration
data, water shafts were sunk in the centre of bauxite
lenses to be mined, where dolomite ocutcropped. From these
shafts transversal drains were planned under the baurxite
lenses at level +110 m. After a lengthy approval of the
plan construction of the water shaft started at the end of
1959 and was completed when 8,5 m/min of drained water
occurred, Then submersible pumps were installsd and the
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drainage cuts were started to te driven in 1962. This work
was going on under heavy water conditions until February
1963 when, unexpectedly an inrush of 150 m/mlq was expe-
rienced. The final pumping capacity was installed and ac-
tive dewatering started with a water amount of 35 ©/min.

In the meantime, geclogical prospecting resulted in con-
siderable bauxite resources also over the neighbouring
areas, Consequently, haulage shaft for Izamajor I was
started to be sunk in PFall 1962, Since dewatering by the
water shaft was not yet effective, the haulage shaft was
sunk to a level of +120 m with great difficulties since
the amount of mine water was higher than 18 ©/min and re-
peated grouting efforts proved to be unsuccessful. Finally,
dewatering was effected by a mammoth pump from a drilled
well, Due to the excessive drainage, an individual auxi=-
liary shaft for the capacity of proper suhmersible pump
was sunk during sump system driving to¢ the sump roadway
system. Here was the equalizing sump system applied first
in order to assure the undisturbed operation of submer-
sible pumps, From this auxiliary sump the steady pumping
rate was as high as 101 o/min in 1967. Exploration road-
ways were driven in a very slow rate owing to the exces-
Sive drainage.

This negative experience and a better knowledge of the limy
dolomite induced ALUTERV to propose again a dewatering
system using drilled shafts, With the agreement of bauxite
mining decision makers, the Bauxite Prospecting Company
executed a successful experiment on shaft boring. It has
been demonstrated that this technology is applicable to es-
tablish proper intake works over the area. There are more
such shafts with a steady water amount of more than 20 m/min.
As a result, Izamajor Il and all subsequent mine openings
have used this dewatering technology.

Karstic water level has been sinking as planned, and in July
1972 submersible pumps of the water shaft at level +110 m
were above the water level. The present total pumping rate
of about 300 K/min through water shafts has resulted in a
water level lowering of 120 m in the centre of the area.
This has made possible to extract more than 100 bauxite
lenses using highly mechanized mining technology. The bore-
hole system has produced drinking quality water.,

However, the construction of drilled shafts becomes gradu-
ally more difficult, slower and expensive due to the in-
creasing depth but mostly because of the emerging flushing
problems caused by the low karstic water level,

Consequently, the technology was further developed in the
Nyirdd area toward local intensive drainage by transversal
drains from shafts.
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The principle of the method is to drive large transversal
drains in twe directions at or 10 m below the piezometric
level from the shaft, possibly in the mesozoic overlying
or underliying rock. From these drains, boreholes of dia-
meter 450 mm are sunk into the mesozoic underlying aguifer
in distances of 10-25 m corresponding to rock parameters
and to depths according to drawdown. Submersible pumps are
placed in these boreholes, lifting water to the level of
the transversal drains, from where it flows to a settling
system then the equalizing sump system near the shaft.

Large capacity submersible pumps lift drinking quality wa-
ter from the shafts to the surface. The total pumping capa-
eity of such a shaft is 60-120 o/min. It is possible to use
the transversal drains for the air-supply that is ventila-
}%on, o; prospecting worke for or even whole new mines

ige .

This active-preventive method of water control satisfies
safety conditions, techno-economic conditions of mining and
the pogeibility of mine water utilization., Several alterna-
tives of the method using transversal drains from shafts
are available for either the reopening of flooded mines or
the construction of new onea. This system must have a water
shaft or a ventilation shaft with the necessary pumping fa-
cility which directs water drained from the mesozoic agqui-
fer, through a settler and a sump system up to the surface
as a' waterworks,

Advantages of this recommended method from engineering, eco-
nomic and mostly safety aspects are without doubt.

Its most important advantage over passive-preventive methods
is that no protection layer and water control pillar are re-
quired. This is of high importance in countries with scarce
mineral resources since the mineral reserve retained in the
pillar is minimally 20 %.

Another advantage of the system is that pumping is effected
more Or less independently from the. mining roadway system,
thus it can be maintained even after mining is terminated.
Also, drinking quality water is generally obtained in a per-
manent way.

Both the local and regional dewatering systems result in
less mineral losses &nd higher mining efficiency due to
full-scale mechanization. The application of submergible
pumps hag several advantages., They can control higher in-
rush volumes than expected by & provisional increase of
pumping capacity /size and/or number/ even within a giwven
shaft size. Installation of a submersible pump unit requires
one-twe working shifts at most.

The method is less expensive and can be constructed faster
than the procedure with drilled shafts. This is the reason
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of scale economy, considering the concenirated sitting of
the system.

It would be highly advisable to prescribe an increased
application of active-preventive mine water control over
karstic areas, based on recent decade experience. This
would result in a more efficient protection of the na-
tion’s mineral resources.

¥
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Liste of fipures

Fig. 1
1. Ventilation shaft
2. Emerging pipe
3. Pumping chamber
4. Sump
5e Haulage roadway
6. Ventilation roadway
Te Water roadway
8. Trias dolomite, Dachstein limestone
90 BRauxi te
10. Coal seam
11i. Limestone
12. Marl
13. Karstic water level
Flg. 2

1. Water shaft

2 Drainage cut

3. Equalizing sump

4. Settling sump

5e Water conveyance drillings

6. Drainage wells

T Lowered water level /during the driving of the
drainage system/

8. Original water level

S. Trias dolomite

10. Bauxi te

11. Iimestone

12, Gravel, konglomeratum

13, Marl
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Figure 1.
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