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Introduction

The Batalova Vodenitsa field is located in the center
of Sofia city, but in reality covers part of the block-
faulted basement of the Sofia graben. It is formed
in the Upper Cretaceous volcano-sedimentary com-
plex, to which are attached series of thermo-min-
eral fields and occurrences in the Sofia hydrother-
mal basin — Knyazhevo, Gorna Banya, Ivanyane,
Lozenets, Sofia-center and others (Shterev, 2004).
The field was discovered through the exploration-
exploitation borehole C-6hg, drilled in 1970 down
to a depth of 569.8 m, in which the piezometric
head is 18.9 m below the ground surface. The main
thermo-mineral reservoir, into which the borehole
enters at a depth of 327.5 m, is a hydraulically well-
separated block-faulted andesite complex with a to-
tal area of about 14 km?* The extraction of mineral
water is planned to start at the end of 2020, as part
of it will be utilized in the new entertainment and
recreation complex with an aqua park constructed
near the borehole, and another part will be taken
to fountains for free use by citizens. The Batalova
Vodenitsa field is registered under Ne 74 in the list
of mineral water deposits in Bulgaria — exclusive
state property.

Conceptual model

Based on present-day geological-tectonic and hy-
drogeological concepts about the region (Shterev,
1964, 2004; Petrov et al., 1970; Antonov, Danchev,
1980; Yanev et al., 1992, 1995; Pentchev, Veli-
chkov, 2011; Hristov et al., 2016, 2019; Trayanova
et al., 2018; Stoyanov, 2019) and on unpublished
results from the exploration of the thermo-mineral
water source, the following working hypothesis

for the hydrogeological conditions in the Batalova
Vodenitsa field has been accepted. The main reser-
voir and its periphery, respectively the model area,
occupy the upper part of one of the southern blocks
of the Sofia graben, formed between two large sub-
vertical faults (Fig. 1). The fault along the NE bor-
der is impermeable and is considered as a structural
and facial filtration barrier, while the one along the
SW border, as well as the two low-rank faults lim-
iting the reservoir towards NW and SE are water-
conducting. Within these boundaries of the andesite
complex three hydrogeological units are separated:
fault-fissure drainage complex — HGUI; block-fis-
sure aquifer complex — HGU2; block-fissure poor
water-bearing complex — HGU3. The drainage
complex HGUI is a composite system of intersect-
ing fault water-conducting structures, which are the
main route of the ascending thermo-mineral flows.
The experimentally obtained values of the hydraulic
conductivity of this formation vary between 0.7 and
1.5 m/d, on average 1.3 m/d. The block-fissure aqui-
fer complex HGU2 covers several tectonic blocks.
The block, in which is located borehole C-6hg, is
the most fissured and tectonically disturbed one, es-
pecially in the interval starting at a depth of 433 m
below the ground surface. In the surrounding blocks
the rocks are less fissured and affected by second-
ary alterations. According to the degree of perme-
ability in HGU2, four low-ranking hydrogeological
units are separated — HGU2a, HGU2b, HGU2¢ and
HGU2d, in which the accepted average values of
the hydraulic conductivity are in the range from
0.002 to 0.15 m/d. The block-fissure poor water-
bearing complex HGU3 is attached to the tectonic
blocks located in the SW periphery of the thermo-
mineral field, where the rocks are almost unaffected
by secondary alterations. This assumes very low
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SUMMARIZED SECTION IN THE SOUTHERN PART OF THE SOFIA HYDROTHERMAL BASIN
Occurrences of mineral water
( after Shterev, 2004 )
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MODEL OF THE BATALOVA VODENITSA FIELD
Model zones. Boundary conditions.

o[ A |
10
e |
12_

14 w2z ]
15[ mz3 ]
e [Cwza ]
7 W28 ]
18 [TWZ8 ]

Fig. 1. Hydrogeological conditions and model of Batalova Vodenitsa field: /, Neogene complex — clays, sandy clays, sands, grav-
els, siltstones, sandstones, conglomerates, coal: @, Lozenets Formation, b, Novi Iskar Formation, ¢, Gnilyane Formation; 2, Upper
Cretaceous intrusive bodies and apophyses; 3, Upper Cretaceous volcano-sedimentary complex: a, volcanites, sandstones, marls,
b, sandstones, marls, argillites; 4, Triassic complex: a, limestones, dolomites, siltstones, b, sandstones, conglomerates, siltstones;
Sa, fault, b, presumed fault; 6, structural and facial filtration barrier; 7, temperature isolines (°C); 8, ascending thermo-mineral
flow; 9, exploratory borehole; /0, thermo-mineral sources: a, borehole with thermal water, b, natural thermal spring; 7/, boundary

condition Specified Head; /2, boundary condition General Head Boundary (GHB); /3, Model zone MZ-1

—~HGUI; 14, Model zone

MZ-2 — HGU2a; 15, Model zone MZ-3 — HGU2b; 16, Model zone MZ-4 — HGU2c; 17, Model zone MZ-5 — HGU2d; /8, Model

zone MZ-6 — HGU3

values of the hydraulic conductivity, on average
around 0.0004 m/d. The block-fissure complex and
its constituent hydrogeological units are covered by
Neogene thick clay layers and clays with coal and
sand seams, having a total thickness of over 150 m.
This aquiclude complex seals the thermo-mineral
reservoir, stops the ascending flow passage along
faults and prevents water exchange or convective
heat exchange in vertical direction. The groundwa-
ter recharge is from precipitation that infiltrates into
the outcropping parts of the Upper Cretaceous com-
plex along the southern slopes of the Sofia graben.
Reaching to a depth of about 1000 m, these waters
are heated up to 50—60 °C. Then, as a result of the
high hydraulic heads generated in the deep parts of
the graben, ascending thermo-mineral flows occur,
which recharge the main reservoir through subverti-
cal faults, fissured intrusive bodies and apophyses.
Within the field range, the thermo-mineral flow
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along the subparallel faults is vertical, and along
the submeridional faults and in the block-fissure
complexes — predominantly horizontal, orientated
towards NE.

Research methods and tools

The Batalova Vodenitsa field water resources are
assessed applying a three-dimensional model de-
veloped with the Modflow program. The model
reconstructs the present-day concept for the field’s
hydrodynamic conditions and the effect from the
constructed water source operation. The hydro-
geological units are simulated taking into account
their spatial configurations, hydrogeological pa-
rameters and complex hydraulic connections. The
thermo-mineral flow is modeled employing the
boundary condition Specified flow along the sub-
parallel faults, and the boundary condition General



Head Boundary along part of the lateral boundaries.
The borehole C-6hg is set by boundary condition
Specified Head. The model is calibrated with the
Pest program using data from performed pumping
tests in borehole C-6hg and from a regional piezo-
metric map of the block-fissure aquifer complex.
The field’s water resources are estimated exploit-
ing the calibrated model. The boundaries of the
sanitary protection zone around borehole C-6hg
are determined using Modpath software. The ther-
mal resources assessment is made according to the
methodology described by Galabov and Stoyanov
(2011). The quality and health effects of the water
extracted from borehole C-6hg are evaluated based
on the hydrochemical tests conducted in the period
1971/2019 and on the balneological assessment is-
sued in 2018 by the Ministry of Health of the Re-
public of Bulgaria.

Thermo-mineral resources

The determined natural resource of mineral water of
the Batalova Vodenitsa field is 21.9 L/s. The techni-
cally possible flow rate of the single water source
— borehole C-6hg is 6.3 L/s with a 2.2 m permis-
sible drop in the piezometric head. The extraction
of larger quantities from this water source is pos-
sible, but taking into account its construction and
age it is assumed that unfavorable changes in the
quality and temperature of the obtained water are
possible, a hypothesis that is confirmed by the per-
formed tests. The water temperature at the wellhead
is 43.0 °C, and in the main reservoir — around 45 °C.
The thermal exploitation resources of the field are
estimated at 0.74 MJ/s at an average temperature of
the extracted water of 43 °C and a temperature drop
of 28 °C. The total thermal potential of the field, de-
termined on the basis of its natural water resource,
amounts to 2.75 MJ/s.

Chemical characteristics and health effects

The mineral water from Batalova Vodenitsa field
in terms of genetic characteristics, chemical com-
ponents and gas composition falls into the group of
medium-temperature nitrogen-containing thermal
waters. Its qualities, temperature and balneological
properties are very close to those of the waters from
the neighboring occurrences Sofia-center and Lozen-
ets. The water is slightly mineralized (269 mg/L),
highly alkaline (pH = 9.30-9.78), hyperthermal,
sulphate-carbonate-sodium and silicon type, with a
faint odor of hydrogen sulfide. It has a stable phys-

ical-chemical composition and meets the standard
for mineral waters in terms of chemical, microbio-
logical and radiological indicators. Its therapeutic
and prophylactic properties are determined by the
low TDS wvalues, the specific ionic composition
and the presence of metasilicic acid in a colloidal
state. It is suitable for drinking, inhalation and ex-
ternal balneotherapy, balneoprophylaxis and sports.
The water has a beneficial effect in the treatment
of a very wide range of diseases — gastrointestinal,
biliary-hepatic, renal-urological, metabolic, respira-
tory, neurological, joint, orthopedic, skin, etc.
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