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Резюме. Регионалните хидрогеоложки условия в Северна България предполагат наличие на голям артезиански басейн с етаж­
но разположени водоносни хоризонти. Със затъването им в дълбочина температурата на акумулираните в тях води постепенно 
нараства, което предопредeля съществуването на стратифицирани хидротермални резервоари с висок потенциал за извличане на 
топлина. Използването на този зелен енергиен ресурс все още е в начален етап, макар частично да е експлоатиран още през 80-те 
години на миналия век. Горноюрско–долнокредният водоносен хоризонт е най-водообилният и най-перспективен геотермален из­
точник в многослойния седиментен комплекс в района на Централна Северна България. Настоящето проучване дава ново разбиране 
за формирането, количествените параметри и потенциала за извличане на топлинна енергия от този хоризонт, който има всички 
характеристики на нискотемпературен хидротермален резервоар. Проучването включва очертаване на неговите граници, оценка на 
хидрогеоложките и топлинните му параметри и данни за хидравличната му свързаност. Определени са структурата на филтрацион­
ното и топлинното поле, елементите на водния и топлинния баланс, както и качеството на подземните води. Водните и топлинните 
енергийни ресурси на хидротермалния резервоар са оценени в регионален мащаб, включително и при сценарий с реинжектиране. 
Предложени са варианти за потенциално оползотворяване на топлинната енергия чрез реинжекционни кладенци.

Ключови думи: геотермални ресурси, реинжекционни кладенци, хидротермален резервоар, Централна Северна България.

Abstract. The regional hydrogeological conditions in Northern Bulgaria determine the existence of a large artesian basin consisting of 
layered aquifers. The groundwater temperature increase with depth and the conditions in the deeper layers are favourable for the formation of 
stratified hydrothermal reservoirs with potential for heat extraction. Although it was initiated in the 1980s, the utilization of this green energy 
resource is still in a pre-feasibility phase. The Upper Jurassic–Lower Cretaceous aquifer has the highest yield and it is the most prospective 
geothermal source in the multi-layered sedimentary complex in Central Northern Bulgaria. This study provides new understanding of the 
formation and potential for extraction of thermal energy from this stratum, which has all characteristics of a low temperature hydrothermal 
reservoir. The study includes delineation of its boundaries, evaluation of hydrogeological and thermal parameters and data on hydraulic con­
nectivity. The flow and temperature fields, the elements of the water and heat balance, as well as the groundwater quality, have been assessed. 
The groundwater and thermal energy resources in the hydrothermal reservoir have been estimated on a regional scale, including a scenario 
with reinjection. Different options for potential utilization of the thermal energy using reinjection wells have been put forward.

Keywords: geothermal resources, reinjection wells, hydrothermal reservoir, Central Northern Bulgaria.
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Introduction

In recent years, the use of renewable energy, includ­
ing geothermal energy, has been extensively in­
creasing globally in accordance with the documents 

adopted by the global forums on climate and sus­
tainable development. These current trends domi­
nate the national policies of the world’s most de­
veloped economies, as well as the latest EU energy 
strategies (Energy strategy, 2022). In this context, it 
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is very important to know the natural potential and 
technical capabilities of each country for geother­
mal energy production. 

Based on summarized data from 86 countries, 
Lund and Toth (2021) estimated direct utilization 
of geothermal energy in 2019 to 107.727 MWt by, 
showing an increase of approximately 52% from 
2015, thus reducing the consumption of energy 
produced in environmentally unfriendly coal-fired 
power stations and nuclear power plants. In this re­
spect, the geothermal energy utilization in Bulgaria 
is not only unsatisfactory but it is even declining 
in the period 2014–2018 (Bojadgieva et al., 2015; 
Hristov et al., 2021). Therefore, in recent years, var­
ious academic institutions and companies focused 
their attention on research directed towards better 
utilization of geothermal energy and localization of 
prospective areas.

The geological setting of Bulgaria provides 
conditions for the formation of thermal waters that 
could be used as energy sources (Shterev, 1964; 
Petrov et al., 1970; Dobrev et al., 2006a, b; Bend­
erev et al., 2016). The hydrothermal resources have 
been evaluated to 9957  TJ/a and they are not be­
ing sufficiently utilized (Hristov et al., 2019). Ther­
mal water is used mostly for spa tourism, sports, 
recreation, and to a lesser extent, for heating and 
greenhouses. Considering that most thermal waters 
in Bulgaria have temperatures below 100 °C, so far 
these resources have not been used for electricity 
production. 

The hydrogeological and geothermal condi­
tions in Bulgaria are favorable for the occurrence 
of two types of natural reservoirs of thermal water: 
confined to stratified systems (specific aquifers in 
Paleogene–Neogene artesian basins), or part of a 
fissure-water hydrothermal system . The main utili­
zation is related to the second type reservoirs, which 
are found in Southern Bulgaria. The hydrogeother­
mal potential in Northern Bulgaria is insufficiently 
utilized. This region is within the range of a vast 
platform structure, within which a large artesian ba­
sin had been formed. The thermal water extraction 
from this artesian basin is carried out in separate 
boreholes, mostly along the Black Sea coast. Expe­
rience from other countries shows that the utiliza­
tion of geothermal resources from similar confined 
aquifers uses much greater systems, whereby vari­
ous methodologies for evaluation and exploitation 
have been developed (Bujakowski, Barbacki, 2004; 
Nádor et al., 2012; Van Wees et al., 2012; Réveil­
lère et al., 2013; Busby, 2014; Limberger et al., 
2018; Kramers et al., 2012). 

The aim of the present study is to evaluate the 
potential for heat extraction and the possibility for 
heat production from the thermal reservoirs formed 
in the deep parts of artesian aquifers. These reser­

voirs are known and relatively well studied, but the 
resources remain almost unutilized. A part of the 
Upper Jurassic–Lower Cretaceous aquifer in Cen­
tral Northern Bulgaria has been selected as a pilot 
site in our research, where the  hydrogeological and 
geothermal conditions are suitable for utilization of 
such waters and where potential consumers are pre­
sent. 

The purpose of the study is to assess the regional 
geothermal potential in the considered area of the 
Upper Jurassic–Lower Cretaceous aquifer, which 
the initial step towards selection and evaluation of 
the economic and technical opportunities for utili­
zation of geothermal energy in localized sectors.

Formation of thermal waters  
in the study area

Geologically, Northern Bulgaria is within the ex­
panse of a platform structure, known as the Moe­
sian Plate (Atanasov, Bokov, 1983; Dabovski et al., 
2002; Zagorchev, 2009). This geological structure 
extends to the north of the Danube River, in the ter­
ritory of Romania. It is composed of Neozoic and 
Mesozoic deposits, overlaying Paleozoic basement. 
The alternation of rocks of variable hydrogeologi­
cal properties, combined with gradual depressing, 
resulted in the formation of a large and complex 
artesian basin (Yovchev, Rijova, 1962; Antonov, 
Danchev, 1980; Stanev, 2014). It is composed of 
deep aquifers separated by aquitards. The thickest 
and largest fractured-karst type aquifers are formed 
in the carbonaceous deposits of Upper Cretaceous, 
Upper Jurassic–Lower Cretaceous and Triassic age. 
Among the aquifers in this sequence, the Upper 
Jurassic–Lower Cretaceous aquifer has the larg­
est area, greatest thickness and it is the most water 
abundant (Fig.  1). The structure comprises lime­
stones and dolomites of Calovian and Hauterivian 
age. This aquifer is generally underlain by Middle 
Jurassic aquitard shales and siltstones. It has lim­
ited outcrops in southern part and within the area of 
the so-called North Bulgarian Bulge in Northeast­
ern Bulgaria, where the groundwater recharge oc­
curs. From there, it gradually dips to over 4 000 m 
depth in Northwestern Bulgaria. The Upper Juras­
sic–Lower Cretaceous aquifer is overlain by Lower 
Cretaceous deposits (Barremian–Aptian), mostly 
marls and clayey sandstones. The aquifer thickness 
is approximately 1000 m on the average but signifi­
cantly thinner to the south and west, due to gradual 
transition into terrigenous sedimentary facies.

The main groundwater reservoir is a carbonate 
complex of limestone and dolomite, whose high 
water permeability and high yield are the result of 
very active palaeokarst processes (Stanev, 1970). 

https://www.sciencedirect.com/science/article/pii/S037565050300110X#!
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https://www.sciencedirect.com/science/article/pii/S1364032117313345#!
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Fig. 1. Map of the studied region.
1, area of the Upper Jurassic–Lower Cretaceous aquifer; 2, studied area; 3, aquifer outcrops; 4, boreholes.

Фиг. 1. Карта на изследвания район.
1 – разпространение на горноюрско–долнокредния водоносен хоризонт; 2 – изследван район; 3 – разкрития на водоносния 
хоризонт; 4 – сондажи.

The karstification occurred during a sedimentation 
pause after the Valanginian age. It is established 
that karst formation is taking place in the outcrops 
even at present time.

The area of interest in this study is located in the 
central part of the aquifer, between Iskar and Yan­
tra rivers, right tributaries of the Danube (Fig. 1). 
Its southern boundary coincides with the extent of 
the Upper Jurassic–Lower Cretaceous carbonate 
rocks on the northern slopes of the Balkan Moun­
tains. The northern boundary is conventional and 
coincides with the Danube River. Comparatively 
comprehensive research into the artesian part of the 
considered aquifer began after 1946, when drill­
ing programs and geophysical investigations were 
initiated. Based on analyses and interpretation of 
data from approximately 250 deep boreholes for 
oil exploration, the investigations, performed up till 
now, resulted in establishing the aquifer boundaries 
and hydrodynamic parameters, as well as the gen­
eral trends in the distribution of its geothermal and 
hydrochemical characteristics (Atanasov, Bokov, 
1983; Dabovski et al., 2002; Nádor et al., 2012; 
Réveillère et al., 2013; Busby, 2014; Limberger et 

al., 2018). Excluding the deep part of the aquifer 
in the south, the general depth range (referenced to 
mean sea level) of the aquifer is between 100 m and 
–500 m in the northeast and exceeding –3500 m in 
the southwest. In the northeastern parts, which are 
also the shallowest, the surface of the top is gen­
tler, with small positive or negative features. The 
deepest levels of the Upper Jurassic–Lower Creta­
ceous aquifer are in the eastern part, which is also 
steeper. In the south, the carbonate rock complex 
rises abruptly to form outcrops, mostly as the result 
of the tectonic dislocations that shaped the Balkan 
Mountains. 

The underlying aquiclude is composed mostly of 
Middle Jurassic siltstone and mudstone, while the 
overlying aquiclude is the so-called “Lower Creta­
ceous waterproof slab” (Stanev 1970, 2014) com­
posed of marls with interbedded sandstones and 
having overall thickness in excess of 1000 m. The 
thickness of the aquifer generally increases from ap­
proximately 700  m in the north to 1500  m in the 
south, except for the outcrop zones in its southern 
part, where the thickness is suddenly reduced to 
about 100–200  m due to facies transition. The ir­

https://www.sciencedirect.com/science/article/pii/S1364032117313345#!
https://www.sciencedirect.com/science/article/pii/S1364032117313345#!
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regular distribution and great variability in size and 
hydraulic connectivity of the palaeokarst forms pre­
determine the pronounced flow inhomogeneity. The 
hydrodynamic parameters vary within a very broad 
range, which results in quite specific conditions for 
heat accumulation and potential for extraction in the 
different parts of this aquifer. High transmissivity 
is typical for its eastern part, where the highest re­
corded values are above 3000 m2/d. In the west and 
southwest the transmissivity decreases to approxi­
mately 40 m2/d. Vertical inhomogeneity of aquifer 
properties has also been established. It is related to 
different lithology of the individual strata in the car­
bonate rock complex, variable degree of fracturing 
and palaeogeological development (Atanasov, Bo­
kov, 1983). The upper levels of the aquifer complex 
have better flow characteristics, as the conditions 
there were more favourable for the advancement 
of karst processes. Separate levels with more dis­
tinct karst features were established, in contrast to 
relatively less permeable layers (Stanev, 2014). The 
aquifer is confined and the groundwater level is be­
low the ground surface for the most part, except for 
the most northeastern areas, where the groundwater 
level in boreholes is above the ground surface.

As a rule, high transmissivity and yield corre­
late to lower geothermal gradient. Previous studies 
(Velinov, 1986; Bojadgieva, Gasharov, 2001; Dob­
rev et al, 2004; Khutorskoy et al., 2019) identified 
low values of the geothermal gradient within the 
aquifer – between 1  °C/100 m and 2.5  °C/100 m, 
which is related to its relatively high yield. The 
highest values are found in the deep southwestern 
part of the aquifer, characterized by the least degree 
of karstification and where convective heat trans­
fer is inhibited. With the top of the aquifer dipping 
from east to west/southwest, the groundwater tem­
perature increases – from around 40  °C and less, 
in the near surface eastern part of the study area, 
to above 100 °С in its southwestern part, at depths 
below 3000 m (Fig. 2). Changes in chemical com­
position are also associated with increasing depth 
(Yovchev, Rijova, 1962; Monahova, Vakarelska, 
1983; Trayanova et al., 2020). In the outcrop areas 
of the carbonate rocks, the water is fresh and of hy­
drocarbonate-calcium type. In the confined eastern 
part of the aquifer, there are chloride-sulphate-so­
dium-calcium and chloride-sulphate-sodium types 
of water with total mineralization between 1.55 g/L 
and 10 g/L. The values of pH are within the range 
between 6 and 10, typically between 7 and 8. With 
increasing depth, the water type changes to sodium-
chloride, and the mineralization increases to above 
20  g/L, which is the reason for considerable dep­
osition of minerals in the course of thermal water 
extraction (Trayanova et al., 2020). The concentra­
tion ranges of iodine and bromine are not consid­

ered high – between 0.38 mg/L and 5.3 mg/L, and 
between 1.7  mg/L and 34  mg/L, correspondingly. 
Strontium concentrations vary between 2.6  mg/L 
and 130  mg/L. The concentration of H2BO3 also 
varies within a broad range, however it does not 
exceed 100  mg/L. The microelement composition 
of groundwater in the Upper Jurassic–Lower Cre­
taceous aquifer is relatively poorly investigated. 
Apart from the main microelements Fe, Mn, Cu, Zn, 
and Ba, in different samples some of the following 
elements have been detected: Li, Rb, Sb, Bi, Se, Tl, 
Te, Ge, Ga, Ni, Sc, La, and Zr. The main aquifer 
is well protected against pollution from the surface, 
because of its great depth and the cover of imper­
meable deposits. Contamination can only occur via 
the existing boreholes, however most of them are 
decommissioned and sealed.

In the past, thermal water was abstracted from ap­
proximately 10 boreholes, located mainly in the east­
ern part of the study area, where the aquifer is at its 
nearest to the surface. Potential extraction rates from 
18 L/s up to 80 L/s were evaluated for these bore­
holes. At present, attempts are being made to resume 
abstraction from these boreholes. The water was used 
mostly for balneotherapy and recreation, and to a 
lesser extent for heating and greenhouses. In the late 
1980s, a successful attempt was made for utilization 
of the energy potential in the western part of the re­
gion, as two geothermal power plants were built, GPP 
Dolni Dabnik and GPP Dolni Lukovit (Fig. 3). The 
heat was extracted by well doublets. The spacing be­
tween the extraction and injection wells was 1750 m 
at GPP Dolni Dabnik and approximately 5000 m at 
GPP Dolni Lukovit. The thermal water was extract­
ed from depths between 1800 m and 2800 m below 
surface level. The water temperatures were 71 °C in 
GPP Dolni Dabnik and 66 °C in GPP Dolni Lukovit. 
The design capacity of each geothermal power plant 
was approximately 3700–3800  kW at temperature 
loss of 8 °C and 13 °C, and operational circulation 
rates of 8 L/s and 7 L/s, correspondingly. Unfortu­
nately, for different reasons, they lasted only 2 years 
(Trayanova et al., 2020). 

Methods

The assessment of the heat potential is based on the 
collected and summarized information about the 
studied part of the Upper Jurassic–Lower Creta­
ceous aquifer: position and structure of the thermal 
water reservoir, regularities in the distribution of its 
hydrodynamic and geothermal characteristics and 
general information about the regional groundwater 
and heat flow. 

The study was performed in the following se­
quence: (i) evaluation of the static groundwater 
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reserves in the thermal water reservoir; (ii) deter­
mination of the regional density-dependent ground­
water flow; (iii) drawing a groundwater temperature 
map on a regional scale; (iv) differentiating sections 
and blocks of relatively homogeneous properties;  
(v) calculation of the renewable groundwater re­
sources and heat energy reserves by sections; (vi) 
evaluation of the regional reserves of heat energy in 
the blocks for the extraction by reinjection systems; 
(vii) economic valuation of reserves by blocks and 
by sectors.

The initial information was processed using GIS. 
The raw data was taken from the drilling and testing 
of deep boreholes for oil exploration in Central Bul­
garia; some summarized and published results from 
previous studies were also used (Yovchev, Rijova, 
1962; Stanev, 1970; Monahova, Vakarelska, 1983; 
Bojadgieva, Gasharov, 2001; Khutorskoy et al., 
2019; Kolev et al., 2019; Trayanova et al., 2020). 
The study used existing maps of the aquifer top and 
bottom, thickness contours, hydrodynamic prop­
erties, temperature, geothermal gradient, etc. The 
volume of the thermal water reservoir and volumes 
of the outlined sections and blocks were calculated. 
The regional density-dependent groundwater flow 
was determined using a piezometric level map 
showing the equivalent fresh water total head, cor­
rected for variable groundwater density by taking 
into account the temperature and salinity non-uni­
formity. Standard and regulatory approved methods 
(Petrov et al., 19981; Galabov et al., 1999; Galabov, 
Stoyanov, 2005, 2011), were used to evaluate the 
renewable groundwater resources Q, thermal power 
W and the heat energy reserves Qθ in the sections of 
the studied part of the Upper Jurassic–Lower Creta­
ceous aquifer.

Regional heat reserves extractable by reinjection 
systems were evaluated by applying an innovative 
method that was developed and approbated for the 
overall evaluation of the heat reserves in Bulgaria 
by a team of the Geological Institute at the Bulgar­
ian Academy of Sciences (Petrov et al., 1998). In 
summary, the approach is as follows: the thermal 
water reservoir is divided into blocks with average 
values for temperature θ, transmissivity T, aquifer 
thickness m, and total groundwater resources Qsum. 
The area of each block is covered by well doublets 
with equal circulation rates QD, whereas the extrac­
tion and reinjection wells are being distributed in 
a checkered pattern, spaced at equal distances D. 
The total groundwater resources in each block were 
calculated by summing up its renewable groundwa­

1 Petrov, P., I. Yotov, A. Benderev, V. Hristov, S. Gasharov et 
al. 1998. Reassessment of Hydrogeothermal Resources in Bulgaria. 
Report for the Ministry of Environment and Waters. Sofia, National 
Geofund (in Bulgarian).

ter resources and static groundwater resources. The 
yield of each well doublet is QD = Qsum/n, where n 
is number of doublets in a block. By definition, the 
optimal distance D is a function of the hydrody­
namic and geothermal conditions, given by a simple 
formula (Petrov et al., 1998). In this particular case,  
D = 1 km was assumed based on analogy and allow­
ing for a relatively large safety factor in the projec­
tion. The operational depression around the extrac­
tion wells and the transit times tTR for breakthrough 
of cooled water from the reinjection wells are calcu­
lated using known formulae for spacing of individ­
ual well doublets (Stanev, 1970, 2014). The static 
groundwater resources Qs, renewable groundwater 
resources Q, and thermal power Wr of each individ­
ual block with reinjection systems were evaluated 
by applying the same methods used for evaluation 
of renewable groundwater resources and heat re­
serves in the sections (Petrov et al., 1998; Galabov 
et al., 1999; Galabov, Stoyanov, 2005, 2011).

Results and discussion 

The total volume of the Upper Jurassic–Lower Cre­
taceous aquifer in the study area is 8.139×1012 m3, 
and the mean storage coefficient is 0.005. The 
calculation is based on the thickness contour map 
and data from numerous groundwater flow inves­
tigations. Considering the above values, the static 
groundwater reserves of the geothermal reservoir 
were estimate to 40.6×109 m3. These water volumes 
are characterized by temperatures and mineraliza­
tion increasing with depth. Water with temperature 
in the range 50–80 °C forms the main portion, ap­
proximately 60%; while water with temperature 
below 50 °C amounts to approximately 30% of the 
available water reserves (Fig. 2). Water with tem­
perature exceeding 80 °C makes up only 10% (more 
than half of it being >100 °C) of the total volume of 
thermal water in the Upper Jurassic–Lower Creta­
ceous aquifer. These resources are in the deeper lev­
els, close to the western part of the considered aqui­
fer. Most of the high-temperature water also have 
high mineralization, which is something to consider 
in future exploration and energy production.

The distribution of density-dependent ground­
water flow was determined using the map of equiv­
alent fresh water total head (Fig. 3). The regional 
temperature distribution in the thermal water reser­
voir is shown in the same figure. The analysis of 
piezometric levels indicates a general flow direc­
tion from south to north, with the average hydraulic 
gradient decreasing from 10–1 to 10–4. The spatial 
distribution of aquifer transmissivity values is simi­
lar, with the values rising to the northeast where the 
transmissivity is at its highest. Concurrently, the 
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highest groundwater temperatures are recorded in 
the southwestern part of the study area and gradu­
ally decline in northeastern direction. Considering 
these conditions, it can be presumed that the south­
western and southern parts of the reservoir have the 

highest potential for heat extraction and energy pro­
duction. 

Based on complex analysis of the gathered in­
formation about the studied part of the Upper Juras­
sic–Lower Cretaceous aquifer and subsequent GIS 

Fig. 2. Breakdown (%) of thermal water reserves by temperature and total dissolved solids (TDS)

Фиг. 2. Разпределение (%) на топлинните ресурси според температурата и общата минерализация (TDS)

Fig. 3. Density-dependent groundwater flow and groundwater temperature. 
Sections and blocks for evaluating the heat potential of the Upper Jurassic–Lower Cretaceous aquifer: 1, equipotential lines; 2, 
section boundary; 3, block boundary; 4, geothermal power plant (GD – Gorni Dabnik, DL – Dolni Lukovit).

Фиг. 3. Приведен напор и температура на подземните води. 
Сектори и блокове за оценка на топлинния потенциал на горноюрско–долнокредния водоносен хоризонт: 1 – еквипотен­
циални линии; 2 – граници на секторите; 3 – граници на блоковете; 4 – геотермални централи (GD – Горни Дъбник, DL 
– Долни Луковит)
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analysis of data on temperature, permeability and 
aquifer thickness, there could be distinguished three 
sections: I, II, and III, as well as four blocks: A, B, 
C, and D. The sections have been delineated along 
the flow lines from the map of specific pressure rel­
ative to transmissivity and hydraulic gradient. The 
blocks have been outlined taking into account data 
on temperature, aquifer thickness and individual 
yield from borehole investigations. Their bounda­
ries are shown in Fig. 3. Tables 1 and 2 contain av­
erage values of the main parameters: groundwater 
temperature θ, transmissivity T, hydraulic gradient I 

and aquifer thickness m. The renewable groundwa­
ter resources Q and heat reserves (annual) Qθ in the 
sections are given in Tables 1 and 3. The ground­
water resources were calculated for average width 
of the flow across the 20 m equipotential line, and 
the heat reserves – for a temperature drop to 15 °C. 
For each of the three sections, the relationship of 
between the thermal power W and temperature dif­
ference Δθ is given in Fig. 4.

The thermal power extractable by reinjection 
system Qθr was calculated by assuming that the 
defined well doublets in the four blocks operate at 

Table 1
Average values of temperature, transmissivity and hydraulic gradient by sections. Renewable water 
resources (Q)

Таблица 1 
Средни стойности на температурата, проводимостта на пласта и хидравличния градиент. 
Естествени водни ресурси (Q)

Section Temperature Transmissivity Hydraulic gradient Renewable resources
°C m2/d – L/s

I 50 1500 0.0003 110
II 55 140 0.003 530
III 65 40 0.4 740

Ʃ Q 1380

Table 2
Average values of temperature and aquifer thickness by blocks. Individual and total yield in well 
doublets

Таблица 2 
Средни стойности на температурата и дебелината на водоносния хоризонт. Единичен и общ 
дебит на сондажните дублети

Block Temperature Thickness Individual yield Total yield
°C m L/s L/s

A 65 900 7 6300
B 50 700 20 25 000
C 70 1100 10 8000
D 45 800 30 22 500

Table 3 
Heat reserves in the Upper Jurassic–Lower Cretaceous aquifer (annual)

Таблица 3 
Топлинни ресурси на горноюрско–долнокредния водоносен хоризонт (годишно)

Section Thermal energy Equivalent fuel Price*
TJ t USD

I 508 12 136 8 61 656
II 2796 66 794 4 742 374
III 4880 116 579 8 277 109

Total 8184 195 509 13 881 139

* At 71$/t average crude oil price in 2021
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yields QD and Qsum (Table 2). The total number of 
doublets n is 3700, which corresponds to 900, 1250, 
800, and 750 for the individual blocks A, B, C, and 
D. The projected depressions in the extraction wells 
are between 5 m and 30 m and the transit time for 
breakthrough of re-injected water vary between 50 
and 350 years. For each block, the Qθr values (per 

annum) were calculated at 15 °C temperature drop 
in reinjection systems and are listed in Table  4, 
whereas the established relationships between ther­
mal power Wr and temperature difference Δθ are 
presented in Fig. 5. 

Undoubtedly, in that part of the Upper Jurassic–
Lower Cretaceous aquifer, the estimated potential 

Table 4
Thermal energy extractable by reinjection systems (per annum)

Таблица 4 
Топлинна енергия, извлечена с реинжекционни системи (годишно)

Section Thermal energy Equivalent fuel Price*
TJ t USD

A 41 543 992 427 70 462 317
B 115 399 2 756 785 195 731 735
C 58 029 1 386 264 98 424 744
D 89 022 2 126 660 150 992 860

Total 303 993 7 262 136 515 611 656

* At 71$/t average crude oil price in 2021

Fig. 4. Thermal power W as a function of 
temperature difference Δθ; by section in 
natural conditions

Фиг. 4. Топлинна мощност W в зависи-
мост от пада на температурата Δθ; по 
сектори в естествени условия

Fig. 5. Thermal power W as a function of 
temperature difference Δθ; by blocks with 
reinjection systems

Фиг. 5. Топлинна мощност W в зависи-
мост от пада на температурата Δθ; по 
блокове с реинжекционни системи
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for heat extraction is very high. Therefore, it is con­
sidered that ways and means for its efficient utiliza­
tion should be pursued in the future. Based on our 
experience and the results of this study, taking into 
account the socio-economic factors, the following 
advantages and disadvantages of this green energy 
source can be indicated.

The main advantages are the natural features of 
the thermal water reservoir – large area, significant 
thickness, relatively good hydrodynamic character­
istics parameters, and high temperatures.

An important factor, providing good return on 
investment, is the presence of numerous potential 
consumers in the region, Pleven is one of the largest 
towns in Bulgaria with population >150 000 people. 
There are many administrative, public and residen­
tial buildings that could be heated, as well as many 
industrial plants that could be supplied with thermal 
energy. The town is within the boundaries of Section 
III and Block A, where the highest temperatures are 
recorded, and hence maximum temperature differ­
ence could be achieved. In the area of the town, the 
high efficiency of ground source heating had been 
confirmed by GPP Dolni Dabnik, situated within 
15 km of the town centre. Other towns in the region 
are Lovech, Svishtov, Levski, Pavlikeni and many 
smaller communities. The thermal water could also 
be successfully utilized in agriculture, which is ex­
ceptionally well developed in the region. This was 
confirmed during the operation of GPP Dolni Luko­
vit, which had supplied heat to greenhouses. 

Currently, extraction is being resumed from 
some boreholes, which supply 40 °C to 50 °C ther­
mal water. These extractions are in the eastern part 
of the considered region and the aim is to use the 
water for balneotherapy and spa treatments. The 
water is of relatively lower mineralization, less than 
10 g/L.

The main disadvantage for future thermal water 
exploitation is the considerable depth of the ther­
mal water reservoir. Another significant problem 
is the high concentration of dissolved substances, 
which is sometimes in excess of 20 g/L (Trayano­
va et al., 2019). This is related with serious risk of 
mineral deposition in the pipes and heat exchang­

ers. Such complications are discussed in more de­
tail by Trayanova et al. (2019). There are many 
examples around the world for utilization of such 
water, despite the high mineralization, e.g. the hy­
drothermal power plant ‘Frutura’ at Bierbaum an 
der Safen in Styria, Austria (Goldbrunner, Goetzl, 
2019; Trayanova et al., 2019),  Rhine Graben from 
French-Germany (Bauer et al.,  2005; Dezayes et 
al., 2015). 

Conclusions

Based on the results of the study, the following im­
portant conclusions can be made about the potential 
heat extraction from the Upper Jurassic–Lower Cre­
taceous aquifer in the considered region: 

(i) The heat resources are estimated to 8184 TJ 
(per annum). Converted to equivalent fuel this 
makes 195 509 t oil, or approximately 13.88 million 
USD. 

(ii) The total heat extractable by reinjection sys­
tems Qθr, amounts to 303 993 TJ/a, which expressed 
as equivalent fuel equates 7  262  136  t oil for ap­
proximately 515.61 million USD.

The results from the evaluation of operational 
and economic indicators not only prove that the 
studied thermal water reservoir is a potentially vi­
able source of energy with high efficiency, but 
also establish a starting point for future investment 
projects aiming at better utilization of the thermal 
potential in Central Northern Bulgaria. This would 
significantly improve the economic and demo­
graphic development in the region.

It is important to note that the presented data re­
fer to the overall geothermal potential of the res­
ervoir in а regional sense, which of course could 
not be completely utilized because of technical, 
economical, ecological and other reasons. The pre­
sented results can be used as a basis for preliminary 
quantitative estimations, provided there is an in­
vestment intereset in a particular area, which could 
subsequently be followed by detailed geological, 
hydrogeological, geothermal and geochemical in­
vestigations. 
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