IMWA Proceedings 1985 | © International Mine Water Association 2012 | www.IMWA.info

MINE WATER. GRANADA, SPAIN. 1988

PREDICTION OF FISSURE-KARST
WATER INFLOWS INTO MINES BY SIMULATION

G.N. Kashkovsky

All-Union Research Institute of Hydrogeology
and Engineering Geology,
Moscow region, Zeleny-~village, USSR

ABSTRACT

The prediction of water inflows into mines was carried out
at a. deposit composed by Paleozoic karstic carbonate rocks.
Water content of the deposit depends on the following natu-
ral factors typical of karst regions: a river runoff portion
being absorbed by a karst rock mass; high water content of
8 fissure-karst aquiferous complex; horizontal and vertical
variability in filtration properties of water-saturated
rocks. All this was took into account in development and
substantiation of an analog model of hydrogeological condi-
tions of the studied ares under natursl environments, as
well as in the process of their changing under mine-working
impact.

A series of inverse and predicted problems was solved using
the results of prospecting and developing works, observa-
tions of ground-water levels and regime of water inflows
into the mine. Hydrogeological parameters of karst water-
bearing complex and predicted water inflows into the mine
being under different ways of its protection from ground-
water infiltration were estimated. A seriesg of hydroiso-
hypse maps reflecting different stages of depression-cone
formation, as well as maps of ground-water table amplitudes
during large water inflows into the mine and river floods
were used for these purposes.

The further development of the deposit to the depth of

more than 500 m has confirmed reliability of the predictions
made. The predicted perennlal—, annugl~ and maximum monthly
means (13,15 and 22 ths m3/h relatively) were proved; the
forecastlng the drop of ground-water table by more than

100 m and the predicted assessment of forming suffosion-
karst processes were substantiated ag well. As a result of
this a large collapse sink In overlying loose sediments was
formed.
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The changes in hydrogeological environment of the depogit
aend the region as & whole occurred under technogenous
impact mede, in their turn, the conditions of mine watering
more complicated. Increase in the gradient of fissure-
karst water flow triggers large water inflows into mine
workings, perticujarly during floods at the near-located
rivers. The long~term hydrogeological predictiong grounded
on enalog or mathematical modelg of rather difficult condi~
tions in karst regions are the basis for solving problems
of management of water inflows into mines, drainage water

regources and impact of deposit dewatering upon geoenviron-
ment.

Description of the deposit

The prediction of inflows into mines was carried out at an
ore deposit in. an arid zone of Kazakhstan when the depth of
mine workings there amounted to 300 m and was to be doubled
in a few years. Water storage of the deposit occurring in
piedmont is high as it is composed by Paleozoic carbonate
karstic rocks associated with fissure-karst water-bearing
complex. To the south of the deposit the Paleozoic water-
bearing complex is submerged under a lMesocenozoic sandy-
argillaceous rock mass with a confined. C(Crefaceous-sand-
gtone water-bearing complex at its basement.

High water content of carbonate rocks is provided for by an
intengive recharge of fissure-karst water by infiltration
in the mountain part of the region. The subsurface runoff
of 10 m3/s is formed by precipitaticn in the zone of forma-
tion of the depression cone around the mine. Near the mine
it is followed by water infiltration (to 1-2 m3/g) in the
karst rock mass from two rivers with seagonal runoff (chief-
ly during spring flood). A characteristic feature in this
cagse is that the direction and discharges of filtration
fissure-karst water flow in the area of the deposit are
variant and controlled by tectonic dislocation and rock
karsting changing with depth (to T700-750 m), as well as by
the formation of highly permeable gteeply dipping karst
zones widely gpreading along tectonic-~dislocation planes.

Peculariaties of deposits in karst regions

The deposit under study is typicel of hard mineral deposits
located in karst regions. Deposits in these regionsg
essentially differ in their hydrogeological conditions from
those in other regions, which is due, above all, to hydro-
graphical and hydrogeological pecularisties common to areas
of karst-forming. Such peculariaties include, in the gene-
ral case, intensive absorption of surface water and high
water content of karstic rocks below ground-water table.
This is attributed to high and, commonly, rather irregular
rock permeability resulting from origination of surface and
underground karst forms. Pecular combination and manifesta-
tion of the above-mentioned peculariaties depend on geogra-
phicel and geologic-structural conditions of pecular karst
regions and deposits.
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surface~water abgsorption is observed in all areas of

karstic rocks occurring over erosion entrenchments. In
mining process this fact promotes watering of mine workings;
contribution of surface water to water-inflow forming assu-
med to be rather essential here. Near large rivers 90% of
water inflows into mine workings may be accounted for as
river water.

Mine working below the local druining base level increases,
in its turn, surface-water absorption which stimulates pro-
cesses of suffosion and evacuation of the filler out of
karst hollows into mine workings. Within period of deposit
development these processes reach the earth surface. The
quantity of surface karst forms increases by a factor of |
tens, numbering in some cases hundreds of funnels per 1 km“.
Commonly, these processes end ultimately with large surface-
water inflows into mine workings.

High water content of karstic rocks manifests in forming
watery aquifers. 1In this connection, deposits located in
areas of water-bearing karstic rocks are generally highly
flooded. At the same time, due to the intricate distribu-
tion of karstic fissures and karst hollows, as well as due
to the variability of their shapes and gizes, the watering
of mine workings is rather irregular. Water inflows into
mine workings at either sites of the deposit may change
from negligible to large water breakthroughs amounting to
a few tens of thousands m3/h.

Congiderable inflows or even breakthroughs of ground water
into mine workings occur as a consequence of the opening
of large fissures and karst hollows under high hydrostatic
heads of ground water, as is the case during developing
deposits in karst regions. Vater breakthroughs oce
generally as a result of wasghout of a filler in colgatns
fissures and hollows, some time after they are disturbs
by & mine working. Hence evacuation of aqueous sandy cnd
clayey material into mines may be a forecast of intens.vo
woter inflows.

sed

Combination of the above-mentioned high water content of
karstic rocks and absorption of surface water causes gres.
seasonal and perennial fluctuations of water inflows into
mine workings in accordance with hydrological and meicoro-
logical factors.

Digtribution and amount of water inflows into mine working:s

depend mainly on filtration inhomogeneity of water-bearing
karsting rocks in plane and sectiomn.

Studying a role of the plane inhomogeneity in forming water
inflows into mine workings established the great influcnce
(on them) of linear high-permeability zones in combination
with chaotically inhomogeneous filtration properties of
rocks which are due to irregular development of relatively
small fissures and karst forms.
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Formation of high-permeability zones is related to local
karstification along large dislocated breaks, rock beddings,
erosion area, etc. This results, under suitable conditions,
in high anisotropy of filtration properties of karatic
rocks. Ratio between permeabilities across and along rock
bedding or linear zones reaches 1:100. Position and high
filtration properties of the zones considered, filtration
coefficients of which may be equal to a few hundreds of
m/day, greatly influence ... the structure of filtration flow
of ground water. Their wide spreading, comparable to areas
of disturbed filtration regime around mine workings, allows
the sizes and configuration of these zones not to be ignored
in studying the formation of water inflows by simulation.

Karstic rocks of deposits are characterized, besides inhomo-
geneity in plene, by changes in permeability in section (in
vertical). General regularity of decrease in karstification
and permegbility with depth has at hard mineral deposits
different manifestations. It shows, in general, an exponen-
tial dependence but at some deposits it is well approximated
by e sloping line. Karsting and permeability of rocks in the
upper zone of active weathering of carbonate sediments of

the studied deposit increase firstly with depth, intensgively
decreasing after maximum values has been reached in the depth
inteval 100-200 m. However in some local zones high permes-
bility occur to a greater depth.

Decrease in permeability of karstic rocks with depth essen-
tially affect formation of water inflows into mine workings.
It reduces the rate of water inflows into deepening mine
workings and increases the quantity of residual water
columsg over them, making safe dewatering of rock masses
more difficult.

Results of simulation

The above typical features of deposits in karst regions,
common to the gtudied deposit as well, were taken in sumula-
ting its hydrogeological conditions. Geologic-tectonic
studies of the deposgit under exploration, the results of
drilling and mining works, the date on recharge and dis-
charge of fissure-karst water and hydroisohypse maps of a
water-bearing complex were the basis for the development of
a planar analog model of the natural hydrogeological condi-
tions of the region.

Subgtantiation of the model was carried out as a result of
inverse problem solution on the network analog computer:

the fissure-karst free and piezometric water surface (in the
south ol the deposgit) was simulated through the refinement
of transnissivity ofthe water-bearing complex.

At the further stage the planar moedel of a nonstationary

filtration flow of fissure-karst ground water was developed.
using the regults of perennial observations of ground-water
regine and water inflows into the minc under the conditions
of intensive withdrawal of water from the mine-working sys-
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tem (100 mln. m3/yr. in average). The final substentiation
of this model for a large region (4000 km~) was carried out
following the solution of a series of inverse problems,
firstly - for the central perfectly studied part of the
region, and secondly - for the region as a whole. Giving
the known regime of water inflows into the mine and using
for control the data on the regime of ground-water levels,
the dynamics of filtration flow under the conditions of

development of a deep and extended depression (tens of kilo-
meters in radius) of fissure-karst water levels was simulated
on the model. .

The success of this simulation was predetermined by a preli-
minary integrated study of the information obtained during
long-term exploration and production of the deposit. A great
attention was payed to the determination of filtration inho-
mogeneity of the karstic rock mass in section end plane,
systematization of perennial data on regimes of groupd—water
levels in cloge relationship with the nature and regime of
weter inflows into the mine, with mine works progress.

A series of maps was compiled reflecting changes in the regi-
me of ground-water levels at the sites of different rock per-
megbility with seasonal increases and decreases in the levels
by tens of metres, as well as with sharp decreases in the
levels due to the development and drainage of the gzones with
high water storage yielding several thousands of m3/h by

mine workings.

Superimpogition of maps enaebled the delineation of the main
linear karst zones accounting, to & considerable extent, for
the direction and amount of inflowg into the mine as their
permeability was by 2-3 orders of magnitude higher then that
of the surrounding rocks.

Predictions carried out on the model with allowance for the
changes in rock permeability with depth and transference of
ground-water drainage to the deep designed. aquifers to the
depth of 500 m =l =4 to determine future inflows and the
area of formation the cone of depression. In particular,
its extention ir admont amounted to more than 50 km.

Average values of waler inflows into the mine for a few years
amounted_to 13 000 m?/h, and the maximum ennual average - %o
13 000 m3/h. The maximum monthly average inflows (22.000
ml/h) were determined with allowance for the changeg in
ennual precipitation in the area of piedmont and signifi-
cant variations in water inflows into the mine with the
seasons of the year.

Reliability of predictions
The prediction of inflows was entirely proved in the course
of the further development of the deposit. Actual water

inflows into the-mine reached the predicted ones, but with
no exceeding them.
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éiggii&ble simulation on the analog model of the hydrogeoclo-
i .conditions of the region and, in particular, filtra-
asseslnhomogeneity of the karstic rock mass enabled an
watersment of hydrodynemic efficiency of dewatering and
upon §F°°f meagures. The model describes the influence
structater inflows into the mine: of drainage und@rground
cementur?S with different locations near the deposits,
beds &tion of high-permeability zones, isolation of river
‘inflg It was important for the mine prote¢tion from water
mine wg, es well as for golving problems of water supply as
1y inPuMplngrout was the only essential source of water supp-~
dGWatei?ld piedmont plain. Simultaneously with mine workings

} A
POSSible?g’ water resources should be pregerved as much as

iggoggigiction of development of depression cone wés proved.

in the oo to the predicted estimates, the ground-water level
then 10°entra1 part of the depression cone decreased by more
piedmo O m with the further development of depression along
tory int- Fissure-karst water levels throughout vast terri-
rie ta% the south of the deposit dropped below the piezomet-
here‘anle of the Cretaceous water-~bearing complex advanced
This e throughout considerable area - below its bottom.
into th&bled water travel out of the Cretaceous sediments
ged tn € Paleozoic carbonate complex having formerly rechar-
€ Cretaceous complex.
gﬁgcgie%§0tion of exigting the deep water zone of long-term
Proveda 1lon, determined by ?racer gtudies, is believed to be
ocecur i Agyhow, water-~bearing fissures and karst hollows
and g on mine workings to a considerable depth (about 700 m)
water CW. after washing-out of the clayey filler, significant
tes theontent- The southern trend of the depression indica-
a thicy ground-water legkage from Paleozoic strata underlying
Mesocenozoic rock mass of a piedmont plain penetrat-

in

€ %o 4 depth of geveral hundred metres.
girizagas suppoged sccording to the establishment of high-
depositility karst zones, suffosion-karst processes at the

in fon Progressed. They reached the day surface, resulting
associgy ion of a large collapse sink. These events are
bances ied with the highly karstic zone of tectonic distur-
This zo N the area between the mine and the river valley.
one thge was formerly characterized as & high~permeability
of m3/h)9ugh which ground water in large amounts (thousands
moves to the mine.
é?cginer&l-the forecasted estimates of changes in hydrogeolo-
provadQOFdltions of the deposit with depth of mine works were
Progre Within the predicted period. These processes go on
S8ing and require the further controlling.

CONCLUSIONS
ég:%{:gs of the conditions presently formed at the deposit
of new an important conclusion concerning the development
Conditions of mine watering ettributed to the hydro-
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geological environment changed under impact of mine workings,
in particular concerning the complication of hydrogeological
and mining-geological conditions of mine works. It results
from periodical initiation of steep gradients of ground-
water flow owing to great depths of mine workings and exis-—
tence, near the mine, of rivers with seasonal runoff. Level
differences amount to a few hundreds of metres presenting a
risk of sudden inflows of fissure-karst water with large
yield. The further measures of mine protection from ground-
and surface water, dewatering, water supply, etc., are re-
quired to be continued. 1In this context, the combination of
drainage systems constructed in the area of appoaching
ground water to mine workings, isolation or removal of river
beds and pumping=-out of residual water inilows into mine
workings is effective and economical for deposits in karst
regions.

The long-term predictions of changes in hydrogeological con-
ditions of vast territories using quantitative analysis of
hydrogeological dinformation on computers in combination
with other methods are rather grounded and reliasble. They
repregent the basis for golving problems of weter resource
management, development of measures to prevent water inflows
into mine workings and to reduce a negative impact of deposgit
dewatering upon geoenvironment.

REFERENCES

1. Kashkovsky, G.N., Logev, F.I., 1984, Urgent hydrogeologi-
cal problems of hard mineral deposits due to the predic-
tion of chenges in hydrogeological conditions of adjacent
territories. 27th International Geological Congress, '
Abstracts, vol. VII, "Nauka" Publ., p. 419, Moscow.

2. Dubinchuk, V.T., Kashkovsky, G.N., et al,, 1974, Studying
hydrogeological conditions of & karst region by tracer
nethods and their comparison with results of analogue
simuletion, Tr. VSBEQINGEO, vyp. 69 "Hydrogeological and
Ingineering-~Geology. Works in Exploration and Development
of Hard Kineral Deposits", p.p. 25-30, Moscow.

3. Dubinchuk, V.T., Polyakov, V.hi., Kuptsov, V.M., et al.
(8ds), 1974, The conditions for ground-water recharge
using natural stable and radioactive isotopes together
with analogue simulation. Isotope Techniques in Ground-
water Hydrology, Proceedings of a Symposium, Internatio-
nal Atomic Energy Agency, vol. 1, p.p. 399-429, Vienna.

521

Reproduced from best available copy





