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Wojciech BIEDRZYCKI, Michal MALAGA, Danuia POPRAWA, Julian SOKOLOWSK],

Geological conditions and problemsl of thermal
waters exploitation in Podhale region

Geological conditions of the occurrence of thermal waters in Podhale region are characterized. Chemical
composition of therma) waters in borehole Banska 1G 1 is given. Water resources and their thermal
cnergy are evaluated ; physical model of reserveir and mathematical modet of expected water circula-
tion due 10 exploitation of reservoir by the borehole Banska 1G |, as well as inferences of the rational
exploilation conditions on the water rescrvoir are discussed.

GEOLOGICAL CONDITIONS OF THERMAL WATERS OCCURRENCE
IN PODHALE REGION

Between the Tatra Mountains in the south and the Pieniny Klippen Belt in
the north there is an asymmetric tectonic basin (Fig. |) filled in with Podhale
flysch formations (Fig. 2). Like the Pieniny Klippen Belt this basin, convex
to the north extends from Dolny Kubin in the west through Witéw — Bialy
Dunajec — Bialka — Spiska — Stara Wies to Kamienka in the east (territory of Poland
and Czechoslovakia). The basin width in its western part is about 7 km, in the
middle part — Bialy Dunajec river cross-section — about 15 km, and in the
eastern part about 18 km. ‘

Podhale flysch formations which fill the basin (Fig. 2) are formed mainly by
shales and clays interbedded with siltstones and sandstones. & sandstone layers
characterized by good porosity are filled, with waters of various temperatures
(from about 40°C at the depth of 800 m. to 70°C at the depth of about 2000 m),
most often of very small mineralization increasing with depth.

The Podhale flysch formations of maximum observed thickness of 2560 m
(primary thickness was much bigger) due to prevailing amount of clay layers,
constitute an impermeable cover for aquifers occurring in the Middle Eocene lime-
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Fig. |. Geological sketch-map of the Podhale region
Mupa geologicznu niecki podhalanskie)
| - Crelaceous + Jurassic PKB: 2 — Talric Mesozoic: } — Holocene and Pleistocenc: 4 — axis of basin: 3 — outerop

of nummulilic limestone: 6 — peri- Pieniny fanil: 1 =8 — boreholes: | — Siwa Woda 1G i. 2 — Slanikéw Zieb, 3 -
Hruby Regiel. 4 — Zakcpane [G . 5~ Zakopane 2. 6 — Jaszczuréwka, 7 — Banska {G |, 8 — Maruszyna 1G 1

| - kreda i jura pienifiskiego pasa skalkowego: I — mezozoik tatrzafski: 3 — holocen i plejstocen: 4 — 05 niecki,
5 ~ wychodoic wapicni sumulilowych: 6 — uskok przypieninski. 1-8 — oiwory wierloicze

stone formations and for underlying dolomite and limestone formations of the
High Tatric and Sub-Tatric Mesozoic units.

The Middle Eocene nummuitic limestone thickness confirmed by drillings
15 as follows: Banska IG |1 — 95 m; Zakopane 2 — 135 m; Zakopane I1G 1 —
118 m; Siwa Woda — 135 m. The thickness of the Sub-Tatric Middle Triassic
dolomites and limestones underlying the Middle Eocene nummulitic limestones
is as follows: Baniska IG 1 — 635 m, Zakopane IG 1 — about [80 m.

Below the Triassic formations of the Sub-Tatric unit following beds have been
found: I — in the borehole Banska 1(G 1 green-grey marly conglomerates; anhy-
drites (ca 5 m); marls and limestones with Turonian and Cenomanian microfauna
in the upper part and with the Lower Cretaceous and Jurassic fossils in the lower
part the latter was accounted to the so-called Banska unit of transitionai features
between the Pieniny and the Sub-Tatric units; 2 — in the borehole Zakopane
IG 1 — Lower Jurassic formations of the Sub-Tatric unit (Fig. 2).

In the limestone-dolomite formations of the Middle Triassic in the borehole
Banska IG | two aquifers were tested and from both a thermal water inflow was
derived. From the lower layer of the temperature of about 90°C the inflow was
1.5 m3/h, from the upper layer of the temperature 85°C-10.2 mYh. These
inflows were obtained after the 6%, pipe perforation and reservoir tester setting.
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Fig. 2. Geological cross-section Maruszyna — Banska — Zakopane (alter J. Sokolowski)
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It may be expected that after applying: flow intensification (hydroperforation
and delamination of formation} it could be possible to obtain much higher yields
from these layers.

In the borehole Zakopane 1G 1 two aquifers in the Lower Jurassic of the Lower
Sub-Tatric unit and in the Middle Eocene nummulitic limestones horizon have
been tested. In the Lower Jurassic lower layer spontianeous flow of thermal
water of the temperature ca 35°C on offtake and of capacity 50 m¥h has been
obtained; in higher layer — spontaneous flow of capacity 15.8 m?/h; in the Middle
Eocene limestones — spontaneous flow of capacity 1 m?*h. Dolomitic Middle
Triassic formations of the Upper Sub-Tatric unit, situated below the Middle Eocene
limestones have not been tested.

During the drilling of the well Zakopane | a spontaneous flow of thermal water
of the capacity 133.8—-273.0 m’h has occurred from an interval near the boun-
dary between the Middle Eocene limestones and undertying Middle Triassic dolo-
mites. Further drilling has been stopped because of such a considerable water in
flow. The borehole Banska IG 1 has been encased with 6%, pipes up to the
surface and equipped with an exploitation well-head with three outflows of the 2
diameter. Long lasting tests of outflow after the installation of the exploita-
tion well-head displayed the capacity of 60 m?/h through an outlet of the 2”
diameter. The temperature in the reservoir ts 82°C, at cutflow it 15 72°C at the
capacity of 60 m3/h.

CHEMICAL COMPOSITION OF WATERS AND CONDITIONS
OF THEIR CIRCULATION

From the analysis of geological development of the Podhale region it can
be inferred that a substratum of the Middle Eocene limestone formation had
been the subject of erosion and denudation processes for 40 million years i.e.
from the middle part of Upper Cretaceous up to the beginning of the Eocene
timestone sedimentation. In the Middle and Upper Eocene and in the Oligocene
there was a strong subsidence which resulted in marine accumulation of about
100 m [imestones and about 3—4 km flysch sediments. At the passage from
Oligocene to Miocene there began the block uplift and emergence of the Tatra
Mountains and of the Pieniny Klippen Belt as well as the formation of the tecto-
nic basins: Liptéw — to the south of the Tatra Mountains and Podhale — to the
north of them. As the entire Oligocene —Eocene cover of the Tatra Moun-
tains had been eroded, there appeared in their margin the Middle Eocene nummu-
titic limestone outcrops and in a further distance the outcrops of various links of
the Podhale flysch. At that time a process started, of the surface waters infiltra-
tion to the Eocene and Oligocene reservoir horizons and of gradual mixing of these
waters with waters. existing in these rocks since the sedimentation period.

Waters presently occurring in the aquifer of the Middle Eocene nummulitic
limestones are therefore the mixture of the precipitate waters from before ca
50 mln years waters of the Middle Eocene sea and waters infiltrating from the
surface of the Tatra Mountains during the last several millions years. Due to this
infiltration and water mixing a mineralization degree of the water in the borehole
Zakopane IG | is about ten times lower than the same degree in the borehole Banska
1G | about I2 km distant from the previous one.

Chemical analyses of water from the well Banska IG | taken up near the end
of test exploitation 26 —29.V1.1981 (have proved that total contents of solid
components vary from 2995-3021.9 mg/dm? and basic components are ions
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(in mgfdm?): SO (909.4-925.9), CI” (634.6—570.8), Na* (550.0~525.0), Ca?~
(240.4 —221.2), Mg?* (57.3-151.06), then is small amounts: Li* (0.4), Ba?- (0.11},
Sr2- (6.0), AP (1.1), F~ (4.0), Br~ (1.73), H,Si0, (0.75), HBO, (40.5), and in mi-
nute quantities: Fe?-, Mn?-. Ag*, Zn?*, Cu?-, Ni**, CP?-, Mo*", V*- and H,§
(up to 0.09), pH of water is in the range of 6.7—7.8. Natural gas has also been
found in the amount of about 20 ml/l. It contains 17.9%, of combustible compo-
nents, 43%, of nitrogen, 37.7%, of CO, and 1.25% of inert gases (He, Ar).

The complex of aquifer Middle Eocene limestones has been found (below
flysch) in boreholes: Stanikow Zleb on the ordinate +946 m, Jaszczurowka + 846 m,
Hruby Regiel +540 m, Siwa Woda +297 m, Zakopane [G 1 — 135 m, Bariska
IG1 — 1930 m.

Difference of levels between the highest point of top of the Middle Eocene
limestone in the well Stanikow Zleb and the lowest point in the borehole Bans-
ka IG 1 is 2876 m. So the complex of the Middle Eocene limestones lying earlier
horizontally or nearly horizontally was displaced upwards together with the Tatra
Mountains at least at the magnitude indicated above. Podhale Basin situat-
ed between the Tatra Mountains and the Pieniny Klippen Belt is distinctly
asymmetrical. Its axis occurs at a distance of only 3 km of the Pieniny Klippen
Belt (Fig. 1). Alimentation of the basin with surface waters takes place only
in the southern part, along the Tatra Mountains margin through smal} surface
outcrops of nummulitic limestone formations. These limestones are cut off to
the north by a big regional fault and ‘contact clay-marly Cretaceous formations
of the Pieniny Klippen Belt.

Water reservoir of the Podhale region occurring in the Middle Eocene lime-
stones is therefore a reservoir open from one side only and on small areas. So,
the feeding of this reservoir depends on the area of outcrops surface, the morpho-
logy of their surface, permeability of rocks in the subsurface zone and on amount
of precipitates in a near — Sub-Tatric zone.

Temperatures of waters in this asymmetrical reservoir are much differentiated.
In the zone adjoining the Tatra Mountains the width of which is about | —2 km,
the temperatures in the reservoir do not exceed +20°C. In the next zone, about
3 km wide, their range is from 20—60°C, and in the main part of the basin
they are 60—82°C and probably more. Temperatures of waters occurring in
the lower beds of Mesozoic are relatively higher.

TENTATIVE ESTIMATION OF THE ENERGY CONTAINED
IN THERMAL WATERS

On the basis of comparatively scarce data an attempt has been made to evaluate
the energy of the Podhale thermal waters. It concerns, the entire area of the Pod-
hale Basin, about 50% of which lies on the territory of Poland. The Middle Eocene
limestone reservoir, being of complicated shape, can be approximated to the
rectangular prism of dimensions 100 000 m x [00 m. Assuming the rock porosity
average ratio = 0% according to measurements it varies from 3% to 17% the
water resources in the reservoir can be evalvated on about 10 000 000 000 m3,

The contents of thermal energy in water depends on temperature and this one —
on depth of a given part of the reservoir.

On the basis of the commonly known principles of calorimetry has been esti-
mated that in the peri-Tatric monociinal zone of about 3 km width and tempera-
ture in the range of 20 —60°C the water resources are 3 x 10° m?, and thermal energy
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Fig. 3. Diagram of geological model of aquifer of nummulitic Eocene

Model geologiczny warstwy wodonoénej eocenu numulitowego

1 — production well; 2 — injection well; 3 — natwural feeding: 4 — consecutive equipotential water surfaces when
waler tablc descends; 5 — pipeline for ,,return water” Mooding: A, — layer difference of well Now line

1 = otwér wydobywezy; 2 — olwdr zasilajacy: 3 — zasilanie naturalne: 9 — kolejne powierzehnie ekwipolencjalne
wody w miarg obnizania poziomu wody; 5 — rurociag dla ., wedy powroine); A, — roznica poziemow wody w o1wo-
rach

resources 6 x 10" keal, .e. 25.11 x 103 J. Within the main Podhale Basin of 6 km
average width and temperatures within the range from 60° to 80°C, the water re-
sources are 6 x10°m? and thermal energy resources contained in this water
3% 10" keal, i.e. 12.555x 10" J. The total thermal energy resources accumulated
in the water of this reservoir are 3,6 x 1014 kcal, i.e. 15,066 x 10 J.

Dividing this value by mean caloric value of 1 kg of oil = 10 000 kcal we obtain
equivalent of 36 mlnt of oil or of 72 mIn t of coal, the mean thermal value of which
is 5000 kcal/l kg In other words, the energy accumulated in 200 m3 of thermal
water of temperature 70°C can be recovered being as equivalent of thermal energy
¢btained due to combustion of one ton of oil or two tons of coal. Water output
per day from the borehole Bariska 1G 1 estimated at 1440 m® with regard to its
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caloric value would be the equivalent of 7.1 t of il or of 14.2 t of coal of average
quality.

PHYSICAL MCDEL OF RESERVOIR AND MATHEMATICAL MODEL
OF WATER FLOW

Taking into account that the Podhale Basin is asymmetric and its axis is located
at the southern margin of the Pieniny Klippen Belt it has been assumed in model
considerations that water reservoir has the same thickness at full length and in-
clines regularly in northern direction.

While modelling this layer for calculation purposes it has been transformed
to the parallepiped shape of the dimensions 100 x 100 x0,] km; average porosity
equal to 10% has been assumed. On the basis of such a model thermal water re-
sources accumulated in the Middle Eocene reservoir of nummulitic limestones
have been estimated as equal 10 km-.

Areas of reservoir feeding by precipitation occurring in the peri-Tatric zone,
after summing up their surfaces, have been approximated to the rectangle of the
0,01 x 100 km area.

Water downflow direction from the zone of feeding to the supply point in
the belt 1 km wide was considered to be vertical to the said zone {from south
to north). According to these assumptions a filtration stream is being modelled
one-dimensionally in further considerations (Fig. 3).

[t has been assumed that thermal stream heating the water is directed
vertically upwards, heat capacity of the source is arbitrartly high and thermal
energy transfer occurs on the basis of thermal conductivity of the rocks and
media accumulated n them.

While starting a mathematical description of the phenomenon of water
circulation in reservoir, forced by extracting water from wells, a simplification
ol the phenomenon has been made according to the accepted physical model.

In genera) formulation of the problem it has been stated that we deal with
non-radial plane flow, evoked by the operation of N, producing well and N,
flooding well with precipitation infiltration by feeding zone. It has been assumed
that the analyzed aquifer has the same thickness everywhere and is limited
by impermeable caprock and floor. Under these conditions water flow has
been treated as plane, i.e. occurring in the identical way in every cross-section
that is paralle] to the caprock and floor.

In order to draw an explicit image of flow, a grid of equipotential lines
and lines of current have been drawn. Both sets of lines are perpendicular to
each other. While designating eguipotential curves superposition principle has
been applied, i.e. overlapping of streams coming from negative sources (exploita-
tion wells) and positive ones (flooding wells and feeding area). According to super-
position principle, flow potential — an equivalent of reservoir pressure in this
case — is in every point the algebraic sum of potentials designated for single
wells and corresponding to real production rate.

At full compensation of water obtained by water injected to reservoir in
a natural or forced way we deal with stationary flow the image of which does not
change with time. Practically this compensation is not full which is confirmed
by our calculations, i.e. pressure is a decreasing time function. Due to slow
speed of this deérease one can talk about quasi-stationary character of the
phenomenon due to which flow simulation can be carried out by means of con-
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Fig. 4. Physical model of reservoir layer

Model fizyczny warstwy zlozowej

| =3 — as gven Fig. 3: 4 — pipeline lor . relurn waler” (ooding: 8 — main direction ol jnliltration
I=3 - jak na fig 3: 4 - rurocigg dla “wody powroing]™: 5 - sasadmcsy kierunek [iltracii

secutive changes of stationary states in individual time steps. In our case the
length of a single time interval is equal to one year, although it can be defined
arbitrarily. Above all while, considering the seasonal -fluctuations of precipi-
tation a smaller time interval, e.g. quarter or month would be required.

If one production well with constant water flow capacity Q is active in the
reservoir then at a satisfactorily small distance from the well the flow is plane
radial and flow poterntial in a given point of reservoir is therefore expressed by
the formula®

(p=2n—q;11nr+C' ]

where: @ — water flow capacity, m%h; h — aquifer thickness, m; r — distance
of peint from wel axis, m; C — constant (depending on boundary conditions).

When it occurs a greater number of wells in this reservoir, the potential ¢ can
be expressed (according to superposition principle) by means of the following
formula:

¢ = i o= 3 TP, 2]
= 2mh

i=1
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where: ¢, — the value of ¢ in i — well; r, — the distance of point from / —
well; @, — ¢ — well flow rate, treated as negative in case of production and
positive in case of flooding.

Then the equation of every equipotential line (here the isobar) in flow plane
assumes the form:

' N
R = E R = C, (3]

resulting from the rearranging the formula [2] when ¢ = const.

In order to determine the flow rates Q{i=1,2,... N) at predetermined
pressure distribution we assume the follewing boundary cenditions: contours
of all wells and the reservoir contour are isobars, radii of wells are identical
and equal to ry, if r, is considerably small when compared with mutual distances
of wells and contour of feeding (which always occurs in practice).

Flow rates @, are calculated on the basis of the system N+1 of algebraic
linear equations because C| is the additional unknown value. These equations
have the fol]owing form:

Z lﬂi 2Qh In Ty + Z ln rU+C - (pj [‘1]
i=1 i= J*l
f=12,..,N
N .
@,
Z nr,+C=¢ [5]
= h ik K
where: r; — distance of wells of index, i, j; i, — distance of | — well from feed-

ing contour.

The system of equations [4], [5] is solved for @, and constant C, from the latter
we determine C, using [2] and [3).

It is remarkable that the same system of equations serves for determination

of the potential ¢;, ¢, when flow rates ¢, are known and constat € is assumed
arbitrarily.
. In the discussed case the feeding contour is in fact a set of areas which are
mutually isolated, plane and located regularly along the line of about 100 km.
Assuming such a contour as a full line does not affect the correctness of these
considerations accordirlg to the same rule as assuming wells as geometrical
points in comparison with r , r, although r,>0. The form of the formulae [4],
[5] suggests a treating of the flow in the vicinity of every well as plane-radial which
is true. The flow in the vicinity of feeding contour is of plane-parallel character
of current lines which are perpendicular to contour lines. It is in accordance
with the assumption of contour line as being equipotential. In reality this as-
sumption is correct only at an initial moment. Later on, the feeding contour
ceases to be the isobar due to differentiated water outflow which depends on
the distance from the production well, especially when this is a single well. Never-
theless even in this extreme case the isobar value is locally preserved at every
time interval corresponding to stationary state.

Interference of wells manifests itself by occurrence of decreased flow rates
from production wells in comparison with flow rates obtained from these single
wells and at the same dynamic bottom pressures. Decrease of these flow rates
is closely connetted with well network in the reservoir., Their best location is
at considerable mutual. distances, but close to feeding contour. The latter requi-
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Fig. 5. Descent of water table in the feeding zene as a function of time and disltance from transverse axis
of the basin for one well variant

Obnizenie sie zwierciadia wody w sirefie zasilania jako funkcja czasu | odlegloici od osi poprzecznej
niecki — wariant dla jednego olworu

| — flow rate the production well @, = 60 m'/h. waier influx injection well 0, = 42 m*h, nawral feeding HD =
0.36 m per year; 2 — waler output capacity [rom Lhe production well; @, and /D — as given p. |

I — ilo& wody z otwore wydobywezege ¢, = 60 m'/h, doplyw wody do olworu zasilajgeego @, = 42 m*/h, zasslanie
naturalne HD = 0,36 m/rok: 2 — wydajnosé z olworu wydobywczego w warunkach zatlaczania: @, i AD — jak wp. |

rement usually conflicts with technological conditions imposed on reservoir
exploitation. In our case it cannot be satisfied because the most interesting due
to technical reasons — zone of the deepest position of the reserveir, is situated
at the distance of 12 km from the feeding contour. The first requirement can
be fully satisfied.

Fig. 5, 6 present the curve of water table descent in five-years periods. Fig. 5
refers to exploitation by one well of initial flow rate ¢ = 60 m¥/h in twe variants,
namely without and with flooding of 70%; of obtained water on one well locat-
ed near the contour centre. Fig. 6 refers to three production wells which are
located along the line parailel to feeding contour by the mutual well spacing
1 km, and in two variants as above. On ordinate axis the distance from the
contour centre in km and on abscissa axis the water table decrease in m n the
subcontour zone have been marked. Both figures have been plotted on the
basis of simulation calculations that were carried cut for various variants.

PROBLEMS OF POSSIBLE EXPLOITATION

l. On the basis of reservoir feeding area and average yearly precipitation
sum it can be inferred that the amount of infiltrating water is about 400000 m?
per year. For expected possible water intake from the production well -
526000 m*® per year, water shortage can amount to 126 000 m® per year.

It is worth to emphasize that while calculating the amount of infiltrated
water only the average area of nummultic Eocene formations has been assumed.
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Fig. 6. Descenl of water table in the feeding zone as a function of time and distance from the transverse
axis of the basin for three well’s variant

Obnizenie sig poziomu wody w strefie zasilania jako funkcja czasu i odlegloic od osi poprzeczne; niecki —
wariant dla trzech otworow .

I — Now rate from the network of production wells §, = 44,5: 35,8; 44,5 m3h, water influx to the leeding well @, =
87 m3h, natural feeding 4D = 0.36 m per year; 2 — waler outpul capacity from the network of production wells,
@ and HD - us given p. |

I — iloi wady ¢ grupy otwordw wydobywezych @, = 44,5; 35.8: 44,5 m¥/h, doplyw woedy do otworu zasilajacego
{, = 87 mYb, zasilanie naturaine AD = 0,36 m/rok; 2 — wydajnodt z grupy olwordw wydobywezych; @, i D =
jak w p. |

One cannot exclude additional feeding by Mesozoic formations. If such a feed-
ing exists, it is possible that ground waters descent would not occur.

2. The said shortage which can be unnoticed in the exploitation of single
wells can cause the occurrence of water table descent in the peri-Tatric zone.
In the exploitation of one or several wells tocated close ome to another the
greatest hazard would occur in the area between Koécielisko and Jaszczurowka.

3. From the above inferences one can conclude that thermal water exploita-
tion should be carried out only when thermally exploited waters will be inject-
ed to the zone of the biggest hazard by water table descent.

4. Assurance that the possibility of water injection in the hazard zone would
create a chance of utilizing the exploited waters for various purpose and at
various stages.

5. It seems that the best exploitation system in view of present knowledge
would be a grid of wells in the distance not smaller than 3 km from the margin
of the Pieniny Klippen Belt between the villages Bialka and Skrzypne.
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6. The run of curves which designate water table descent (Fig. 6) along the
contour line when the injection well is feeding (with 70%, of obtained water)
indicates purposefulness of locating such a well network of injection wells as to
the obtained maximum values of water table descent were the smallest. It means
that water should be injected at least to three feeding wells from which one
ought 10 be located in the middle and the remaining ones in the distance of
10 km from it.

7. The most rational well network consists in arranging the production welis
in one line every 10 km and arranging the same line of injection wells which
is situated near the feeding contour at the smallest distances from their corres-
ponding production wells.

8. The amount of injected water should be a little smaller from the amount
of obtained water. One has to attempt to apply "2 close circuit’” of thermal
water.

9. Values which have been presented in this paper should be treated only
as approximate ones, estimated on the basis of presently available data. Never-
theless the results present the importance of the problem and the hazards asso-
ciated with it.

Translated by Jan Sokolowski
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FrECNOrM4YECKME YCNOBMA M MPOBJIEMbl 3KCMNNYATALIMM B BYOYLIEM
TEPMANLRbLIX BO4 NOACANA

PeiwoHe

Mexay TaTpaHu u MNeHnHCKOR yTECOBON JI0HOH PACNONOXEHE ACHHETPWIHAA BNAAMHA, 3ANONHEH HAA
NOpOAZMKM NOAFANLCKATO (BNHLIA, COCTORWH MUY B OCHOBHOM U3 MIUHWCTBIN CNAHUEB, Neper eXatowHxca
aNeBponyUTaHH W NecHaHHKaMH. Pnuwessle NOpoabl CHYKAT WIONUPYOWEH NOKPeIWKOR ANA BOAOC-
HACHIWE@HHBEIX FTOPHICHTOS B HY MM YNHTOBbIX MIBECTHAKAX CpeAHEro 30uUena, B ACNOMHTAX, HIBECTHRKAX
M mMeprenAx CpeAHeTPHACOBOTO BOIPACTA B PErnesbix 3neHenTax ocHoBaHuA MNoaranscxoft KOTNOBHHLL.

CkpamunoH Banbcka MT 1 BCKpsITe! ¥ NOATOTOBAEHE] K 3IKCNNYATAUHH T€PHANbHbLIE BOALI CPeAHE-
3OUEHOBOMO HIBECTHOBOTD FOpH3OHTa. 3Ta cKpawuHa obopyacoBaHa 3KCNNYaTaUMOHHOA TONOBKOW €
TPeHA OT80AAHW guameTpon no 2. Mpu npobHOA 3KENAYaTAUMM CXBAXKMHBI Yepes oguH 27 oTeoa,
AN®BLWENHCA HECKONEKO AHER, NoNY4eH NpuTOK nopAaka 50 mfuac. TemnepaTypa soAsl B ngacte B2°C,
HA YCTee NpH HopmaneHoMm aebuTe 72°C.
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Cyas no reonorH4ecKoMy CTpoeHHio 1oarana W xHMUIMY DONYYEHHbIX BOA, 3TH BOAbI ABMAKOTCA
CMEChIO PenWKToBLIX aTHOChEepHbIX BOA, BOIPACT KOTOPbIX MOXeT BuiTh Gonee 52 mun ner, soa 30-
UEHOBOrC MOPA W MNAALIMX HHEGMNLTPALMOHHBIX BOA, MPOHHKAIOLIMX & NNACT NOCPeacTBOM BbIXOA0B
HYHMYNHTOBLIX HIBECTHAKOB B MpPEATATPUHCKOA 30HE.

CyMMapHOE COAEO0MAHHE MHHEpATbHLIX KOMNOMEHTOBR B BoOAax ckeamWHel Banbcka MIT 1 koneb-
netca ot 2995 ao 3021.9 mrigum®.

Maoruncel cpepHe’soUeHOBOro BOAOHOCHOMO MOPHIOHTA MECTATCR B rpaHHuax oT +946 M 8 npea-
TaTpuHCKOH 30He ao —1930 M B cxeaxune Banbcka VI 1. TemnepaTypel cocTasnasoT: npumMepHo 48°C
Ha waorunce —500 H, okono 60°C Ha wiorvnce —1000 M, 72°C Ha wiorunce —1500 M, 82°C Ha waorunce
—1930 M (Ha rnybwHe 25605 n).

KayecTeo W TennepaTypa noa3eMHbix Boa {loarans NoIBONAGT WMCMNONbIOBaTh HX B CNEAYHOLLHMX
obnacTax: & polbosoncTee, B nNnaeaTenbHbix Baccednax, aAna oborpesa nouesl, 8 Ga.nbr:eonorun. B
Tennuuax, KOpoBHHKAX, ANA 060rpesa XWNbIX W NpPOMbILINEHHLIX 06bexTos. CaMbIM NpaBuNbHbLIM H
3KOHOMMYECKH OBOCHOBAMHBIM HOXET GblTh KOMANEKCHOE HCMOMbIOBAHHE 3TWX BOA ANA BCEX Bhilwe-
O3HAYEHHBIX Lened, 4To nolsonuno Gbi B MAXCHHANLHOW CTeneHH HCNonLIoBaThk TeMNAO 3ITHX 8oAd B
WHTepsane TemnepaTyp oT 72 a0 20°C. MpW TaKol CHCTEME MCNONBIOBAHHA TEPMANbHBLIX BOA MOMHO
6bmno Bbl w3 1 M° BOABI NONYYaTL IHEPrHEO, PAHYKD 3HEPFHH, NONYHARMOH OT COMMKEHHA 5 KT Hedi™w WK
10 kr cpeaHero no Ka4yecrey KaMeHMoro yrnAa.

CyTouHbiA aeBHT BoAbl M3 cKBaXWHbI Banbcka WM 1, coctasnarawmin 1440 m* no KANOPHHHOCTH
cooTaeTcreyeT 7 T HediTH MNK 14 T kanerHoro yrna. Nopopoi aeGuT, cocTasnarawmni 325 600 M® pasHo-
IHAYeH 3MEpriH, NonyqaeMol M3 2628 T HedT unu w2 5236 T yrna.

Mocne Toro kak 6yayT npobypeHsl 10 cneayrouwiMx cKBaXUH HoMHO ByneT ronyyaTs B roa 5 256 000
#? TepMANbHLIX BOA, YTO B KANOPHAX paBHOIHaYyHo 26 280 T HedTw.

B cBRaM € TeM, 4TOC NO OUEHOYHLIM A2RHMLIM KOMHYECLTBO BOAHBLIX OTXOACB, XKOTOPLIE MOMyT no-
NZCTh B BOAOHOCHLIE 30LUEHOBLIE HIBECTHAKM YEpel PACKPbIToIe 30HL! IUTAHKMA, COCTABNACT HAKCHMAnNb-
Ho 400 000 M? & roa, Heob6xoAWMO paiapaboTaTh W BHEAPUTL B NMPak TUKY TAKYHO CHCTEHY IKCINYATALMH
TepManbHbix Boa {loarann, xoTopan rapadTHpoBana 6kl cTabMNbMOCTL BOAMBIX pECYpCoB. TaKoro
COCTORHMA HOXHO AOCTHYb NYTeM BOIBPATA WCNONLIOBAHHLIX BOA B TOT Xe BOACGHOCHLIW FOpHIONT,
M) KOTOPOro oHH BhINK WIBNEuYEHLI, TONbKO B 3J0HY Donee Menkoro €ro JaneraHuA, rae TeMnepaTypa
BO4 B nnacTe nopAaka 20°C.

Wojciech BIEDRZYCKI, Michal MALAGA, Danwa POPRAWA, Julian SOKOLOWSKI

WARUNKI GEOLOGICZNE
I PROBLEMY PRZYSZLEJ EKSPLOATACH WOD TERMALNYCH PODHALA

Streszczenie

Migdzy Tatrami i pieninskim pasem skalkowym znajduje si¢ asymetryczna niecka tektoniczna
wypetniona utworami fliszu podhalanskiego zbudowanege gldéwnie z ilotupkdw przewarsiwianych mu-
lowcami i piaskoweami. Utwory fliszowe stanowig pokrywe izolacyjng dla bardziejzasobnych poziomow
wodonosnych wystepujgeych w $Srodkowoeocenskich wapiemiach numulitowych oraz dolomitach,
wapieniach 1 marglach $rodkowotiriasowych jednostek reglowych w poditozu niecki podhalanskiej.

Owworem wiertniczym Banska 1G 1 udostgpniono i przygotowano do eksploatacji wody termalne
poziomu wapieni srodk owoeocehskich. Otwdr ten wyposazony zostal w glowicg eksploatacyjng z trzema
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odptywami o $rednicy po 2 kazdy. Kilkudniowa prébna eksploatacja olworu prowadzona przez jeden
dwucalowy odplyw wykazala wydajno§é otworu rzedu 60 m’/h. Woda w zlozu ma temperaturg 82°C,
na wplywie przy pelne) wydajnodci — 72°C.

Z analizy rozwoju geologicznego Podhala i chemizmu udostgpnionych wéd wglebnych wynika, Ze
£ one mieszaning relikiowych wod opadowych sprzed okolo 52 min lat, wdd morza eoceniskiego i miod-
szych wéd infiltracyjnych, przedostajacych sig do zioia poprzez wychodnie wapieni numulitowych w
strefie przytatrzanskiej. Laczna zawarto$t sktadnikéw mineralnych stwierdzonych w wodzie z olworu
Bariska [G | waha si¢ od 2995 do 3021,9 mg/dem?.

Izohipsy frodkowoeocenskiego poziomu wodonoénego mieszezq si¢ w przedziale od +946 m w
strefie przytatrzafiskiej do — 1930 m w otworze Bariska IG . Szacunkowo okre$lone temperatury wy-
nosza: ok. 48°C na izohipsie — 500 m* ok. 60°C na izchipsie — 1000 m, 72°C na izohipsie — 1930 m (na
gleb. 2560,5 m).

Jakoit i temperatury wod wglebnych Pedhala pozwalajg na zastosowanie 1ych wod w nastepujacych
dziedzinach: hodowli ryb, w basenach kapielowych, do ogrzewania gleby, w balneologii, w szklarniach,
w oborach hodowlanych, w grzejnictwie mieszkalnym i przemysiowym. Najbardziej zasadne i oplacalne
ekonomicznie byloby kompleksowe wykorzystanie tych wod do wszystkich wymienionych celéw. Umotli-
witoby to maksymalne wykorzysianie ciepla zawartego w wodzie w przedziale temperatur 72 —20°C.
W len sposob z | m®* mozna by uzyskac energi¢ rownowazng energi uzyskanej ze spalenia 5 kg ropy nafto-
wej lub 10 kg wegia kamiennego Sredniej jakosei.

Dobowe wydobycie wody z otworu Banska 1G 1, wynoszace 1440 m?®, odpowiada pod wzgledem
kalorycznosci ck. 7t ropy lub 14 t wegla kamiennego. Roczne wydobycie — 525 600 m* — jest rowno-
waine energii uzyskanej z 2628 t ropy lub 5256 t wegla.

Po odwierceniu dalszych 10 otworéw mozna by wydobywaé rocznie 5 256 000 m® wody termalnej,
co w kaloriach bytoby réwnowazne 26 280 1 ropy naftowe;j.

W zwigzku z tym, ze wedlug szacunkowych obliczen iloé¢ wody opadowej, ktora moze preedostac
sig do wodonoénych wapieni eoceniskich przez otwarte strefy zasilania, wynosi maksimum 400 000 m”
rocznie, konieczne jest opracowanie i zastosowanie takiepo systemu ekspleatacji termalnych wad Pod-
hala, ktéry gwarantowalby zachowanie stabilnosci zasobdw z tych wod. Stan laki mozna uzyskaé po-
przez doprowadzenie wykorzystanych wéd do tego samego poziomu wodono$nego, z ktorego zostaly
pobrane, tylko do strely plytszej o nizszych temperaturach — rzedu 20°C.



