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EXPLOITATION AND HYDROGEOLOGICAL PARAMETERS OF
HYDROGEOTHERMAL SYSTEM SPA KEZHOVICA - STIP

Vojo Mircovski', Gorgi Dimov', Darko Gerasimov'

' Faculty of Natural and Technical Sciences, Institute of Geology,
“Goce Delcev” University in Stip Blvd. Goce Delcev 89, Stip, Republic of Macedonia,
vojo.mircovski@ugd.edu.mk

Crpyuen Tpya YAK: 551.23
Abstract
This paper presents the exploitation and hydrogeological parameters of hydrogeothermal system of the spa Kezovica, which
are calculated based on data obtained by the pump testing of the four exploitation wells that are located within this system,
labeled as B-1, B-2 , B-3 and S-3.
The individual exploitation capacity of the wells is for B-1 - 1,7 I/s; for B-2 -12,5 I/s, B-3 - 8,9 I/s and for S-3 - 3,3 I/s, and
the total capacity of exploitation of all wells is 26,4 1/s.
The coefficient of filtration of the aquifer medium is within ranges of 0,034 - 2,25 m/day, the transmissibility ratio is from
the 3,3 to 38,29 m%/s, and the radius of the influence of the wells is in range from 49 to 155 m.
The temperature of the thermomineral is from 52 to 62 ° C.

Key words: exploitation wells, hydrogeothermal system, spa Kezovica, hydrogeological parameters, coefficient of filtration,
radius of influence, coefficient of transmissibility.

EKCINVIOATAIIUOHU 1 XUIPOI'EOJIOIIKU TAPAMETPH HA
XUAPOI'EOTEPMAJIHUOT CUCTEM HA BAIBATA KEXXOBHUIA — III'TUII

Bojo Mupuoscku', Nopru Jlumos', lapko Iepacumos’

! Daxynmem 3a npupoOHU U mexHuuKu Hayku, Mucmumym 3a eeonocuja, Yuusepzumem ,, I'oye /lenues”, [LImun
oya. Ioye Jlenues 89, 2000 [LImun, Penybauxa Maxedonuja
vojo. mircovski@ugd.edu.mk

AncrpakT

Bo 0Boj Tpyx ce mpe3eHTHpaHM SKCIUIOATAHMOHNTE M XHJPOTEOIOIIKITE ITapaMeTpH Ha XHUPOTeOTepPMATHUOT CHCTEM Ha
Gamara KexxoBuma, Kou ce IpecMeTaHHu Bp3 OCHOBA Ha ITOJATOLUTE JOOMEHH CO TECTHPAETO Ha YETHPH eKCIIOATAHOHN
OyHapH KO ce HaoraaT BO paMKUTE Ha OBOj CHCTEM, 0O3HadeHU Kako B-1, B-2, B-3 u S-3. [loeIMHEYHHOT €KCILIOATAIMOHEH
KamamureT 3a OyHapure m3HecyBa 3a B-1 1,7 I/s; B-2 12,5 1/s, B-3 8,9 /su3a S — 3, 3,3 I/s, a BKyTHHOT €KCIIOATAIMOHEH
KamaureT 3a cute OyHapu u3HecyBa 26,4 1/s. KoedunmenToT Ha ¢unrpanuja 3a BOJOHOCHATa CpPEIMHA CE ABMKH BO
pamkute ox: 0,034 — 2,25 m/den, KOe(HIMEHTOT HAa TPAHCMHCHBHOCT OX 3,3 — 38,29 m?/s, a paxMycoT Ha BIHjaHHE Kaj
GyHnapure ce Bk o 49 — 155 m. TemnepaTypata Bo GyHapuTe € Bo pamkuTe on 52 — 62 °C.

Kayunn 360poBu: excnioamayucku Oynapu, xuopozeomepmanen cucmem, barwa Kedcosuya, xuopozeonowxu napamempu,
Koeuyuenm na uimpayuja, paouyc Ha enujanue, KoeQuyuenm Ha MpaHCMUCUEHOCH.
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1. Introduction
Hydrogeothermal system of the spa Kezovica is located in the eastern part of Macedonia near Novo Selo
about 2,5 km southwest of the city of Stip (Fig.1).
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Figure 1. Geographical position of the hydrogeothermal system of the spa KeZovica

Within this hydrogeothermal system, there are four wells from which can be exploited thermalmineral water,
labeled as B-1, B-2, B-3 and S3.

The wells B-1 and S-3 are located near the spa KeZovica Fig. 2 and thermomineral water are used for the spa
and physical therapy. The other wells labeled as B-2 and B-3 are on site Ldzhi near the river Bregalnica (Fig.3).
Thermomineral water from these two wells currently is not used. At this site near the well B-2 (Fig. 3) is located
a spring with thermomineral water used by the local population of Novo Selo.

o

Fig.2. Exploitation wells B-1 and S-3 in the spa KeZovica  Fig.3. Exploitation wells B-2 and - at a site Ldzhi near
yard. the river Bregalnica.

In the past, a growing number of researchers have studied the thermaomineral waters from the spa Kezovica
and locality Ldzhi: Miloevik (1953), Miholik (1953), Baik (1955), Netkov (1968), Nastic (1968), Gjuzelkovski
and Strackov (1973 ), Kotevski (1974, 1983), Kekik and Mitev (1973-1978), Gjordjieva (1995): Mirchovski et.
all. (2001-2002, 2016).
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2. Exploitation wells
All four wells are made from Geological Institute in Ljubljana. Well S-3 was made in 1953 and wells B-1, B-2
and B-3 in the 1976/77 year. The depth of well B-1 is 30.7 m, B-2 is 101.1 m, B-3 is 44 m, and S-3 is 22.5 m.
Yield of wells is B-1 is 1.3 I/s, B-2 is 11.5 Is, B-3 is 6.5 1/s and S-3 is 2.7 1/s. The total capacity of all wells
measured at that time was 22 1/s.
The static level in the well B-1 is of 1.7 m, B-2 is 2.3 m, B-3 is 2.5 m, and S-3 is 2.3 m, which indicates that it
is for sub artesian aquifer located in the Jurassic cracked granites (Soptrajanova 1967).
The temperature of the thermomineral water is in range between 52 - 62 ° C.
The wells B-1 and S-3 are very close to each other at a distance only by 4 m, from the wells B-2 and B-3 are
distant 300 m, while the wells B-2 and B- 3 of one another are distant about 30 m.
Lithological - hydrogeological profiles of exploitation wells as their technical characteristics are shown
in Fig. 4.
From lithological - hydrogeological profiles can be seen that to the aquifer is located in Jurassic,
tectonic cracked, biotite granites. These granites occur on the surface of the ground until the drilling distance to
the depth of 101 m, and drain water from the subartesian aquifer.

7 )
[N HYDRO -
W TECHNICAL FEATURES OF THE GEOLOGICAL - HYDROGEOLOGICAL | GEOLOGICAL
£EZE WELL B-1
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Figure 4. Lithological - hydrogeological profile and technical characteristics of the well B-1
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Figure 6. Lithological - hydrogeological profile and technical characteristics of the well B-3
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Figure 7. Lithological - hydrogeological profile and technical characteristics of the well S-3

2. Pump testing of the wells

In order to determine the yield of exploitation wells B-1, B-2, B-3 and S-3 in October 2015 was performed
pump testing process of the wells. It was made for each well individually and duration of pumping test was 24
hours, or total, three pump tests for a period of 72 hours. Also, pump testing was carried out by three capacities
(Q), obtained at three dynamic levels of the lowering (S). During pump testing for pumping water, in the wells
was descended pipe with diameter ¢ 63 mm to a depth of 7,5 m, with which was limited dynamic level in the

wells.

Based on the data obtained from pump testing for all exploitation wells, we prepared a diagram Q = f (S) and
diagram q = f (S), and hydrograms of extraction which is displayed Q = f (t) and
After completion of the pump test, it was also measured the recovery the level of the wells and from the
received data are constructed diagrams S = f (t). Summary data of pump testing are shown in Tables

1,2,3,4,5,6,7 and 8:

S=f(1).
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Table 1. Data from pump testing of well B-1

LGW Yield LGW Lowering Time Specific yield
Static Q (Us) Dynamic (m) S (m) T (h) q (I/s/m)
1,7 Q;=0,8 4,95 S1=3,25 24 0,246
Q=1 5,9 S,=4,20 24 0,238
Q;=1,25 7,1 S3=5,40 24 0,231
Table 2. Data from pump testing of well S-3
LGW Yield LGW Lowering Time Specific yield
Static Q (I/s) Dynamic (m) S (m) T (h) q (I/s/m)
2,30 Q=1 3,60 S=1,30 24 0,769
Q=2 5,20 S,=2,90 24 0,689
Q;=2,8 6,90 S;=4,60 24 0,608
Table 3. Data from pump testing of well B-2
LGW Yield LGW Lowering Time Specific yield
Static Q (I/s) Dynamic (m) S (m) T (h) q (I/s/m)
2,20 Q=3 3,00 S,=0,80 24 3,75
Q,=6 3,85 S,=1,65 24 3,63
Q;=9 4,80 S;=2,60 24 3,46
Table 4. Data from pump testing of well B-3
LGW Yield LGW Lowering Time Specific yield
Static Q (I/s) Dynamic (m) S (m) T (h) q (I/s/m)
2,50 Q; =25 3,80 S=1,30 24 1,923
Q=4 4,70 S,=2,20 24 1,8181
Q;=6,5 7,00 S;=4,50 24 1,444
Table 5. Data for pump testing well B-1 and measuring the level of decrease in well S-3
LGW Yield LGW Lowering Time Specific yield
Static Q (I/s) Dynamic (m) S (m) T (h) q (I/s/m)
1,7 1,3 7,30 5,6 24 0,232
Table 6. Data for pump testing well S-3 and measuring the level of decrease in well B-1
LGW Yield LGW Lowering Time Specific yield
Static Q (I/s) Dynamic (m) S (m) T (h) q (I/s/m)
2,30 3 7,10 4,8 24 0,625

Table 7. Data for pump testing well B-2 and measuring the level of decrease in well B-3

LGW Yield LGW Lowering Time Specific yield

Static Q (I/s) Dynamic (m) S (m) T (h) q (I/s/m)

2,20 6,5 4,1 1,9 24 3,42
Table 8. Data for pump testing well B-3 and measuring the level of decrease in well B-2

LGW Yield LGW Lowering Time Specific yield

Static Q (I/s) Dynamic (m) S (m) T (h) q (I/s/m)

2,50 6,2 6,05 3,55 24 1,746
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During the pump testing of the the well B-1 was measured level of declining water in the well S-3
which is located at a distance of 4 m. In the well S-3 was measured a total decline in the level for 52 cm. During
the pump testing of the the well S-3, level in the well B-1 was dropped by 35 cm. This shows that there is a
radius of influence between these two wells.

During the pump testing of the the well B-2 which is located at a distance of 30 m from the B-3, was
observed declining of the level in the well B-3, which was observed declining of the level in B-3 by 49 cm.
During the pump testing of the the well B-3 also was observed declining levels in the well B-2 and it was
concluded declining of the level in the well B-2 from 45 cm. Based on these data it can conclude that there is a
radius of influence between wells B-2 and B-3.

The static groundwater level is measured from the mouth of the wells. Because the type of pump that
was used to the pump testing and lowered pipe in a wells with a length of 7,5 m limit the dynamic level in wells
and prevented to perform the test with greater capacity and lowering the dynamic level deeper, optimum,
maximum and exploitation capacity of the wells are certain grapho-analytical.

In the testing procedure of the wells in all three capacities, it is also measured water temperature for
each well:

Wills B-1 B-2 B-3 S-3

Temperature °C. 58 °C. 52 °C. 61 °C. 62 °C.

By increasing the capacity of the wells is not noticed an increase in water temperature, and the temperature
of the water was constantly in the process of testing. The smaller water temperature in wells B-1 and B-2
compared to wells B-3 and S-3 is likely due to the mixing of these water with cold water from the upper parts of
the aquifer.

3. Exploitation capacity of the wells

Based on the performed pump testing of the wells and graphoanalytical analysis, is determined exploitation
(Qexp), maximum (Qmax) and optimal (Qopt) yield of wells.
To determine the exploitation (Qexp), maximum (Qmax) and optimal (Qopt) yield of wells has been used is a
graphoanalytical method by applying diagrams Q = f (S), which shows the functional relationship between yield
of wells and lowering the level. During the determination of resource is used the principle that lowering in the
exploitation wells should not be more than 1/30f the thickness of the aquifer (H) and maximum lowering (S) in
the wells should not be more than 2/3 of the thickness of the aquifer collector. The optimal capacity of the wells
is calculated by formula Qopt. = Qmax x a (where a is a coefficient which is 0.7), while the optimal lowering
Sopt. is specified graphoanalytical from diagrams Q = f (S) by applying the optimal capacity Qopt.

In the table 9 are given the capacity for exploration wells through values: Qexp, Qopt, Qmax, Sexp,

Sopt and Smax.

Table 9. Capacities for the exploitation of wells B-1, B-2, B-3 and S-3

B-1 B-2 B-3 S-3
Qexp (I/s) 1,7 12,5 8,9 33
Qopt  (I/s) 1,99 9,6 6,8 2,9
Qmax (I/s) 2,85 13,8 9,8 4,15
Sexp (m) 8 33 13,6 6,56
Sopt (m) 9,6 3,52 5 4,92
Smax (m) 16 66 27,3 13,1

The total exploitation capacity (Qexp.) for all wells is as follows:
Qtotal = 1,7+ 12,5+ 8,9+ 3,3=26,4 /s.
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4. Hydrogeological parameters of aquifer environment

The main hydrogeological parameters of the aquifer environment: coefficient of filtration (K), the coefficient
of transmissibility (T) and the radius of the depression (R) are calculated of conditions for stationary flow within
the aquifer with level under pressure without the direct influence of surface water.
Coefficient of filtration is calculated according to the formula of Dupuit (1854, 1857) in case of wells, which
drain groundwater aquifer under pressure:

k= 0.3662 . logE [m/s]
S r

m
coefficient of filtration K [m/s]
exploitation yield Qexp (m’/s)
lowering S (m)
radius of wells r= (m)
thickness of the aquifers m (m)
radius of depression R (m)

The coefficient of transmissibility (T) is determined at the formula:
T=Kx m [m%s]

Radius of the influence (R) of wells was determined for exploitation capacity Q(exp) and exploitation lowering
S (exp), according to formula:

R=3000xSxvK [m]

coefficient of filtration K [m/s]
lowering S (m)
radius of the influence R (m)

The obtained data for hydrogeological parameters are shown in Table 10.

Table 10. Hydrogeological parameters of to the aquifer environment

B-1 B-2 B-3 S-3
Coefficient of filtration Ky
(m/day) 0,688. 0,034 1,25 2,25
Coefficient of
transmissibility T (mz/s) 16,67. 3,3 51,36 38,29
Radius of the influence R
(m) 68 62 155 49

The values of hydrogeological parameters as you can seen from the table is distinguish by well to well
and show different values. That was due to the non homogenous cracking of the granites that is not
homogeneous porosity in the aquifer environment.

The calculated values for the radius of influence show that there is a radius of influence between B-1
and S-3 and between the B-2 and B-3, because the distance between B-1 and S-3 is only 4 m, and between the
B-2 and B-3 is 30 m.

While the radius of influence between wells B-1 and S-3 in terms of the wells B-2 and B-3 does not
exist because the distance between B-1 and S-3 in terms of dupnatinite B-2 and B-3 exceeds 300 m.

The radius of influence of the wells, as previously stated, is registered with the simultaneous testing of the
wells B-1 and S-3 and B-2 and B-3.
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5. Conclusion

Based on the pump test of the wells and grafoanalytical analysis of the results of extraction are certain
exploitation capacity by four wells located within the hydrogeothermal system of spa Kezovica. Individual wells
capacities are: B-1 1,7 I/s; B-2 12,5 1/s; B-3 8,9 I/s and S-3 3,3 /s, and the total exploitation capacity of the
system amounted to 26,4 1/s.

The main hydrogeological parameters of the water supply environment: filtration coefficient (K), the coefficient
of trasmissibility (T) and the radius of the influence (R) are calculated for conditions of stationary flow within
the aquifer with level under pressure without the direct influence of surface water.

The coefficient of filtration to the aquifer environment is within ranges of: 0,034 - 2,25 m/day, the coefficient of
transmissibility is 3,3 - 38,29 m?/s, and the radius of the influence of the wells is between 49-155 m.

The difference of the values of hydrogeological parameters from well to well indicates the not homogenous
porosity of the aquifer environment i.e. not homogenous cracking of the granite which carry the thermomineral
water.
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