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Abstract. The recent study presents main results of a re-evaluation of the mineral water and geothermal energy of the
Devin hydro-mineral deposit, Smolyan region. The deposit occupies an area of about 16 km?, and coincids with the
narrow valley of the Devinska River. Hydrochemical methods are applied and chloro-alkaline relations are determined
to evaluate the ion exchange and the genesis of the mineral water. The reservoir occurred in a Paleogene tectonic gra-
ben filled with breccia-conglomerates, conglomerates, sandstones, and argillites. The mineral water has a composition
expressed in equivalent units for cations: Na* > Mg?* > Ca*" > K*, and for anions: (CO,” + HCO,") > SO,> > CI". The
water is of NaHCO; type, fluorine with a fluoride concentration of 3.7-7.0 mg/L and H,SO, from 44.62 to 64 mg/L.
The TDS content of 247 to 316 mg/l, isothermal to hyperthermal in depth. The regional resources are estimated at
21 I/s and the local resources are estimated at 17.23 1/s. The local geothermal energy of the Devin reservoir reaches
1.212 M J/s.
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Introduction and west of it along the left bank of the Devinska

River, a left tributary of the Vacha River. The relief

Apart from their widespread use for the treatment
of various diseases, thermal mineral waters are also
a source of thermal energy. Therefore, they are of
great environmental significance for Bulgaria. The
present study aims to provide a new assessment or
reassessment of the resource (water and geothermal
energy) of the Devin mineral water deposit (Fig. 1a)
using new modern software tools. The thermal
hydro-mineral deposit is located in a small val-
ley formed in the easternmost part of the Western
Rhodopes. It covers an area of about 16 km? The
boreholes, which have revealed thermal waters of a
high-pressure natural seep, are in the town of Devin
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is low- to mid-mountain. The Devinska and Vacha
rivers are cut deep into the mountain range, dis-
secting it into numerous narrow ridges with steep
slopes. The relief is very vertically dissected (from
700 to 1510 m) and the average altitude in the con-
tour of the deposit is 963 m.

Available data for the Devin hydro-mineral
deposit

The Devin hydro-mineral deposit is located in the
eastern part of the Bracigovo-Dospat depression,
within the Devin graben. It was explored in 1972—
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Fig. 1. a, location of the Devin hydrothermal mineral deposit; 5, hydrogeological cross-section of the Devin hydrothermal mineral
deposit (according to Shterev, 2009); c, relationship versus discharge and water depth; d, relationship between water temperature
and water depth; e, Chadha’s plot to evaluate the chief geochemical processes; f, chloro-alkaline indices (CAI-1 and CAI-2) — plots
showing CAI-1 versus CAI-2; g, Scatter diagrams of a HCO,+SO, vs Ca+Mg and (h) Na—Cl vs Ca+tMg-HCO,-SO,

1982 with five boreholes (C-1, C-3, C-4, E-5 and
5-6) with depths of 770; 1093; 718; 690 and 1201 m,
respectively, drilled by the Geological Exploration
Enterprise ‘Asenovgrad’ (Dobreva, 1984f"). Cur-
rently, three boreholes C-3, C-5 and C-6 are adapted
for mineral water production. Borehole C-1 is used
as a piezometer and Borehole C-4 is being modified
for water extraction. The deposit is of fractured layer
type with limited natural recharge and high pressures.
It is a buried (encapsulated) hydrogeological struc-
ture with minor surface thermal water occurrences.

" Dobreva, D. 1984. Report on the Results of the Hydrogeological Study
of Thermo-mineral Waters in the Area of the Town of Devin, Smolyan
Region, Carried out in 1972—1982, 126 p. (in Bulgarian).
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Prior to the drilling of the boreholes, the natural
occurrence of mineral waters was through the Ba-
ruteno Izvorche spring, with a discharge of 0.02 I/s
and a temperature of 16.5 °C (Pentcheva, 1961).
The mineral water reservoir was formed in a Paleo-
gene tectonic graben filled with brecciated con-
glomerates (clasts of granites, gneisses, marble) and
sandstones (Fig. 1b) overlain by poorly permeable
thick clayey-sandy and marly sediments, severely
obstructing the natural drainage and occurrence
of mineral water springs. The enclosing highlands
are composed of rhyolites and ignimbrites of the
Bracigovo-Dospat volcanic massif. The metamor-
phic basement of the graben consists of various
gneisses, schists and marbles of the Rhodope meta-



morphic complex (see Sarov et al., 2009 map sheet
Devin and Kozhoukharov et al., 1990). The aquifer
lies at a depth of 500—-600 to 1200—-1500 m. Paleo-
gene sediments are highly fractured and faulted.
The main water occurrences and circulation of ther-
mal waters are along fractures in the brecciated con-
glomerates and less so in the sandstones. Vertical
fractures predominate, with carbonate deposits. It is
difficult to delineate a thermal aquifer with defined
boundaries in the hydro mineral deposit. Weak oc-
currences are still observed in the high intervals of
the geological cross-section.

The largest water flow rates are seen at depths
below terrain from 550 to 700 m (Fig. 1c). The
borehole C-5, through which the main discharge
takes place, has a higher water capacity. The Devin
field is characterized by rapidly declining self-seep-
age flows. Well C-5 has reduced its flow rate from
70 1/s (in 1975) to 16 I/s. This indicates that thermal
water production for the period since the discovery
of the field has been at the expense of the depletion
of the elastic reserves of the thermal aquifer zone
with a gradual decline in piezometric head.

Aquifer filtration parameters. The filtration
parameters of the Devin hydrothermal mineral de-
posit have been determined from the data of the
water withdrawals carried out in the past during
the construction of the boreholes by Geological
Exploration Enterprise ‘Asenovgrad’ (Dobreva,
1984f). They have been transformed according to
methodologies suitable for the conditions of the ex-
periments (Galabov, 1983; Galabov et al., 2005),
using modern software tools. The method of Theis
(1935) was applied for the pressure unconfined
aquifer plan and the method of Cooper and Jacob
(1946) for processing the results of the recorded
drawdowns. The average transmissivity 19 m?/d
and coefficient of specific storage 46x10* were
calculated for the aquifer.

Results and discussion

Thermal water and geothermal energy resources.
The regional resources of the deposit were deter-
mined by building a conceptual hydrogeological
model and performing a model analysis solved by
the finite difference method in the stabilized fil-
tration regime using the Modflow 2000 software
program. According to the Bulgarian legislation,
mineral water resources are categorized into three
categories — guaranteed, possible and probable re-
sources (Table 1).

The categorized exploitable resource was used to
estimate the geothermal energy. The amount of this
energy depends on the amount of local exploitable
resources and the degree of water cooling (Galabov
et al., 1999). Assuming a temperature decrease to
15 °C, the total geothermal energy of the Devin
field was determined to be 1.212 M J/s (Table 1).

Hydrogeochemical characteristics of the Devin
hydromineral deposit. Analyzing the data from
the past (Water Analysis Laboratory of Geologi-
cal Surveys) and modern laboratory (Specialised
laboratory for mineral water analysis at the Min-
istry of Health) studies, a characterization of the
hydrochemical composition of the mineral water
is made. The average values of the concentrations
of macro-components of the analysed water sam-
ples from boreholes C-1, C-3, C-4, C-5 and C-6
were used. The content of cations in the water from
Devin deposit is in order: Na* > Mg*" > Ca*" > K,
and of anions: (CO,” + HCO;") > SO, > CI'. The
total mineralization (TDS) in the individual water
sources ranges from 247 to 316 mg/l. Mineral water
ranges from isothermal (32-37 °C) to hyperthermal
(>37 °C) (Fig. 1d), soft with total hardness ranging
from 0.10 to 0.35 mEq/l, highly alkaline with pH
around 9.4-10.0 and alkalinity as CaCO, ranging
from 38.52 to 74.94 mg/L. Metasilicic acid (H,SO;)

Table 1. Regional, local and geothermal resources of the Devin mineral water deposit

Resource category, /s

Hydrothermal mineral deposit Regional resources, 1/s

EP1 EP2 EP3

Devin 21.0 6.3 8.4 6.3
=147

Borehole spill elevation, m exploitation resources, I/s resource category, I/s
(well) No. EP1 EP2 EP3
C-3 718.54 3.46 1.04 1.38 1.04
C-5 736.48 10.57 3.17 423 3.17
C-6 762.09 3.2 0.96 1.28 0.96
Borehole local resources, water bulk density, p, (kg/ water temperature removable water local geothermal
(well) No. Q1. Qppy (I75) m?) ‘O temperature ('C) energy, Ge (M J/s)
C-3 2.42 0.994 42.0 27.0 0.272
C-5 7.40 0.995 373 223 0.688
C-6 2.24 0.994 42.0 27.0 0.252
Total geothermal energy 1.212

Note: ER1, guaranteed, ER2, possible and ER3, probable resources.
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has balneogenic concentrations in the range of 44.62 to
64 mg/L, the water is fluoric, with fluoride concentra-
tions of 3.7-7.0 mg/L.

The hydrochemical faces of water is Na™-CO,™-
HCO, or the carbonate alkali exceed 50%, which is rep-
resented by the diagram of Piper (1944) (Fig. 1) and the
diagram of Chadha (1999) (Fig. 1e), reflecting the hy-
drogeochemical processes in the study area. The results
of both the diagrams reveal that alkali metals exceed
alkaline earths and weak acidic anions exceed strong
acidic anions. The dominant cation is sodium and of the
anions, carbonates and bicarbonates predominate.

Hydrochemical models — ion exchange. Two indices
reflecting ion exchange were used to complement the
results for hydrochemistry and to determine the domi-
nant hydrochemical processes in groundwater. lon ex-
change is one of the important processes responsible for
ion concentration in groundwater. Its influence on the
groundwater chemistry in the mineral basin was evalu-
ated using the chloride-alkali indices CAI-1 and CAI-2
(Schoeller, 1965) by equations (1) and (2). Both indices
indicate the presence of an ion exchange process, with
exchange of Ca?* and Mg?*" ions from the groundwater
with Na*" and K" ions from the aquifer medium (Fig. 11).
This leads to an increase in the concentration of sodium
and potassium ions in the water. The values obtained
for CAI-1 and CAI-2 indicate that cation exchange
(Fig. 1g, h) is one of the main processes governing the
chemical composition of groundwater from the Devin
hydromineral deposit.

(1) can = EE=a"+K) ang
cr
(2) CAl7 = CI~ —(Na* +K%)

SO2~ + HCO; +CO5 + NO3

(the ion concentration is in mEq/L).

Chloro-alkaline indices (CAI) are used to deter-
mine the reverse or direct cation exchange process in a
groundwater aquifer system. CAl values are either posi-
tive or negative. In the Devin hydromineral reservoir
studied, both indices (Fig. 1f) indicate the presence of
donor cation exchange, which is indicative of a chlo-
ride-alkali imbalance in the system. The zero values
indicate the attenuation of the role of ion exchange on
the groundwater chemistry and the occurrence of equi-
librium between the aqueous solution and the water ex-
change medium, or the intensity of ion exchange is di-
rectly proportional to the absolute values of the indices.
CALI indices also provide a useful result regarding the
origin of bicarbonate ion in groundwater (Mthembu et
al., 2020). Positive values may suggest weathering and
dissolution of silicate minerals, while negative values
indicate enrichment of groundwater in hydrocarbonate
ions that result from dissolution of carbonate minerals.

Conclusion

The Devin hydro-mineral deposit characterizes by a
layered lateral hydrothermal circulation and accumula-
tion. The mineral waters are accumulated in Paleogene
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rocks (fractured breccia-conglomerates, conglomerates
and sandstones) and formed in them by direct ion ex-
change. The deposit has dynamic conditions, infiltra-
tion hydrogeological water exchange and convective
heat transfer. The water is sodium bicarbonate, slightly
mineralized, alkaline, fluoric and with a high concentra-
tion of metasilicic acid. Mineral water from the Devin
hydro-mineral deposit is isothermal to hyperthermal in
depth. The regional resource is estimated at 21 1/s. The
local geothermal resource is estimated at 1.212 MJ/s.
Ion exchange between groundwater and the water-bear-
ing medium was estimated using the chloride-alkali in-
dices CAI-1 and CAI-2. The negative values obtained
indicate direct cation exchange and enrichment of
groundwater in sodium, as well as an increase in bicar-
bonate due to dissolution of carbonate minerals.
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