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The karst region of Zlatna Panega village has been interesting for many years with re-
gards to extraction of the main carbonate rocks that are used as a material for cement manu-
facturing. The impact of quarry on the karst environment and particularly on the groundwater 
system in term of quality and quantity is of particular importance to “Zlatna Panega Cement“ 
AD and therefore the company takes this into consideration when it develops its mining 
program and when it introduces specific monitoring activities aiming at protection of karst 
phenomenon as well as at preservation of unique karst ecosystems. The company has based 
its quarry operations and nature preservation activities on scientific studies and monitoring 
results of many years and it is looking further to develop the quarry with a positive ecological 
impact. For this reason, “Zlatna Panega Cement” AD conducts yearly seismic measurements, 
monitoring of underground water and monitoring of the flora and fauna in the area of the 
quarry.

Key words: karst, underground water, monitoring, seismic measurements, quarry, bio-
diversity

мОнитОринг на КарСта В Кариера „Златна Панега“

Екатерина Шилегарска, Цветелина Толева, Петко Петков, 
Албена Попхристова

Резюме: Карстовият район на село Златна Панега представлява интерес от много 
години по отношение на добива на карбонатни скали, които се използват като материал 
за производство на цимент. Влиянието на кариерата върху карстовата среда и по-специ-
ално върху подземните водни системи по отношение на качеството и количеството е от 
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особено значение за „Златна Панега цимент“ ад. това се взема предвид от компанията, 
когато тя разработва програмата си за добив и въвежда специфични мониторингови дей-
ности, насочени към защита на карстовия феномен, както и за опазване на уникалните 
карстови екосистеми. Компанията базира добивните и природозащитните си дейности 
на резултатите от дългогодишни научни проучвания и мониторинг и търси по-нататъш-
но развитие на кариерата с положително екологично въздействие. Поради тази причина 
„Златна Панега цимент“ ад извършва ежегодни сеизмични измервания, мониторинг на 
подземни води и мониторинг на флората и фауната в района на кариерата.

Ключови думи: карст, подземни води, мониторинг, сеизмични изследвания, кари-
ера, биоразнообразие

INTRODUCTION

Zlatna Panega quarry is situated to the east-south-east of Zlatna Panega vil-
lage in the immediate vicinity of the Cement plant, to the south of the road connect-
ing Zlatna Panega (ZP) and Brestnitsa villages (Fig. 1). Glava Panega karst spring 
is located to the west, about 300 m from the quarry area. The quarry is located in 
the Brestnitsa-Nanovitsa Subregion (Fig. 2), which is the range of the well-known 
Panega karst region in the Central Fore-Balkan (Popov, 1970; Popov, 1977; Baltakov, 
2012; Baltakov, 2013; Baltakov, 2014).  

Glava Panega spring is one of the biggest karst springs in Bulgaria with mean 
annual discharge of about 3.9 m3/s (data of the National Institute of Meteorology and 
Hydrology). About 2/3 of the water in the spring is transferred through underground 
channels from Vit river and the rest is infiltrated from the Malka Brestnica karst field 
(Kovachev, 1959; Gyurov, 1978; Antonov, Danchev, 1980; Zhalov, 1999; Galabov et 

Fig. 1. Location of Zlatna Panega Quarry and Lower Glava Panega Lake
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Fig. 2. Location of Panega karst region and its Subregions 
(after Baltakov, 2014 with modifications)

al., 2000). Water from Glava Panega karst spring is used for supply of drinking water 
to 13 towns and villages in Lukovit, Yablanitsa and Cherven Bryag municipalities. 
Malka Brestnica karst field is located to the south of Zlatna Panega quarry, just few 
meters from the concession border (Fig. 3) (Popov, 1962).

In term of the geological aspect, the limestone in the ZP region has high car-
bonate content, wide area distribution and considerable thickness, in the geological 
timescale the Tithonian – the Hauterivian, the Late Jurassic - the Early Cretaceous 
epoch (Fig. 3) (Tsankov et al., 1991).

Zlatna Panega quarry is also overlying underground water body “Karst water in 
Central Balkan” with the Nation Code BG1G0000TJK045. “Zlatna Panega Cement” 
AD has initiated a number of studies on the karst phenomenon in the region targeting 
better understanding of the specifics of the geosystem and the relation between the 
different elements of the system. Karts environmental change occurs on both surface 
and underground. The activities that alter karst environments may be direct or indi-
rect in nature, and may occur within the karst geosystem or beyond its boundaries, 
entering and impacting upon it. In order to protect karst geosystem in the best way, 
“Zlatna Panega Cement” AD makes efforts and invests resources for a better under-
standing of the linkages between primary activities such as mining/extraction and 
both the short and long-term impact these activities have on the karts in the region. 
Accordingly, the monitoring techniques necessary for reliable, accurate assessment 
of the karst conditions are specific. The monitoring activities are realized by the form 
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of: monitoring of regime and quality changes of active and occasional water flows 
in the quarry, regular seismic measurements in karst environment and monitoring 
biodiversity. 

DATA AND METHODS

The goal of monitoring is to establish a system for data collection and control, 
which will give “Zlatna Panega Cement” AD sufficient information for the evaluation 
of the impact of the quarry operation on the geological formations, water and eco-
systems. Furthermore, the data can be used by the company to optimize the mining 
process and minimize the geomorphological and ecological impacts. The degree of 
monitoring (intensity, frequency, etc.) and the monitoring parameters depends not 
only on external requirements that are linked to operating permits, but also on meet-
ing the internal needs of performance evaluation and available resources. 

Methods used for water monitoring are recognized International, European and 
Bulgarian standards.  Seismic measurements are carried out annually, in accordance 
with the requirements of national and internationally accepted normative documents. 
Regarding biodiversity monitoring, “Zlatna Panega Cement”AD makes numerous 
consultations with experts on how the company can take care of biodiversity without 
disrupting its natural rhythm of life (Atkitns, 2009).

RESEARCH FINDINGS AND DISCUSSION

Monitoring water quality in the 21st century is a growing challenge because data 
is incredibly useful however, it is not always easy to gather.

Circulation of groundwater in karst aquifers is quite different from water circu-
lation in other types (non-karstic) aquifers. It is being collected in networks of inter-
connected cracks, caverns, and channels (Hoover, 2003; Ford et al., 2007). Analyses 
of the water in Glava Panega spring and of the ground water in Panega karst region 
have been carried out mainly for identification of the interconnections between the 
different water bodies in the karst region (Kovachev, 1959; Antonov, 1980). Glava 
Panega spring has been included in the National hydrogeological network of Bulgaria 
in 1962 and since then a measurements of the water flow, temperature and chemical 
analyses are conducted by the National Institute of Meteorology and Hydrogeology. 

Zlatna Panega quarry is located southeast of the Glava Panega karst spring 
(Fig. 3 – appendix)

Hydraulic permeability of karst aquifers is essentially created by flowing water 
and has anisotropic character. The whole rainfall in Malka Brestnica karst field is 
divided between the evapotranspiration and infiltration in the limestone. The velocity 
of the infiltration feeding is w = 0.0015 m/d = 425 mm/year, which corresponds to 
55 % of the annual average rainfall in the region (Penchev et al., 2012). The pollut-
ants that are introduced in a karst aquifer do not behave like those in granular or in 
fractured aquifers. Their transportation is extremely rapid, which is a consequence of 
their hydrogeological properties. The danger for pollution of groundwater in karst ar-
eas is much greater than in regions, which are protected by overlying impervious de-
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posits. In addition, the groundwater velocity in karst aquifers is usually much greater 
(hundreds of times greater than those in alluvial aquifers) that do not allow sufficient 
time for groundwater self-purification. Thus, the groundwater in karst aquifers re-
quires a better protection against pollution than in non-karst areas (Kaçaroglu, 1996). 
Unfortunately the neighborhoods in Malka Brestnica karst field does not have sewage 
collection system and water treatment plant that is why the sewage waste water as 
well as the run-off water from the highway and the main road E772, and the effluents 
from the great number of illegal landfills in the area, are infiltrated in the limestone 
and reach the groundwater. 

As previously mentioned, the groundwater flow, which issue Glava Panega 
spring, originates mainly from Vit river, which carries its pollution from the town of 
Teteven and the villages along the river. Despite the potential of groundwater pollu-
tion from external sources, “Zlatna Panega Cement” AD aimed at distinguishing and 
identifying any impact of the quarry operation on the groundwater. A specialized 
study “Hydrological conditions and assessment of the possible impact of the quarry 
at TITAN plant on the Glava Panega Spring” was conducted by BAS consultants 
in 2006 and was extended with studies on the potential pollution sources in Malka 
Brestniza karst field, assessment of the infiltration of surface and rain water in the 
quarry, study on the potential impact of the mining activities on the hydrological 
and hydrogeological conditions and proposal for a ground water monitoring plan 
(Benderev et al., 2006; Chokoev, 2009; Benderev at al., 2011). Based on available 
information, data, consultations by specialists in the field, recent hydrogeological 
researches in the Glava Panega region (Damyanov, 2000, Galabov et al., 2000, 
Penchev et. al., 2012), the company has prepared and follows regular monitoring 
of the karst spring, aiming at no impact of the quarry on the spring. Monitoring 
started with the water in the Lower Glava Panega Lake back in 2003 and later on it 
was extended with groundwater monitoring in three wells in Zlatna Panega quarry 
(Tabl. 1).

In 2018, “Zlatna Panega Cement” AD designed and constructed three monitor-
ing water wells on the territory of the quarry. 

The water wells are dedicated monitoring stations, designed to detect potential 
changes in underground flow and selection of quality parameters. The location as 
well as the depth and the construction of the wells have been coordinated with the 
competent state authorities. 

All well locations have been determined after a preliminary well design was 
completed and available information and data was checked in detail by the specialists 
in the field.

A monitoring well consists of a small diameter borehole tube that is sealed in 
the earth with a permeable screen section at the bottom, in an underground reservoir 
where water is expected to collect. The water rises and falls in the tube following the 
groundwater level and allowing level monitoring of groundwater. The groundwater 
level at that monitoring points changes due to seasonal variations. A pump is mounted 
in each well and the sample is taken according to the standard EN ISO 5667-11:2009 
and in line with the approved monitoring plan by the Water Basin Directorate.  

The process of well pumping and sample handling provides an opportunity to 
“Zlatna Panega Cement” AD to detect general changes in groundwater flow and 
trends in groundwater quality. By drilling of monitoring wells within the quarry, the 
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Table 1.
Results from Monitoring Lower Glava Panega Lake (2013-2018) *
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1 2 3 4 6 7 8 9
1 Active Reaction 

(pH)
pH ISO 

10523:2008
7,27-7,85 - - -

2 Temperature °C BDS 
8451:1977

11,1-18,7 - - -

3 Electrical 
Conductivity

µS cm -1 BDS EN 
27888:2002

338-528 700 750 ˃750

4 Dissolved oxygen mg/l BDS EN 
25813:2004

7,17-10,97 10,5-8,0 8,0-6,0 ˂6

5 Total hardness mgCaCO3/l BDS ISO 
6059:2002

2,96-5,50

6 Ammonium Ions 
(NH4

+ )
mg/l BDS ISO 

7150-1:2002
˂0,01-0,205 ˂0,04 0,04-0,4 ˃0,4

7 Nitrate Ions 
(NO3

- )
mg/l BDS ISO 

7890-3:1998
2,40-7,1 ˂0,5 0,5-1,5 ˃1,5

8 Nitrite Ions (NO2
-) mg/l BDS EN 

26777:1997
˂0,002-0,006 ˂0,01 0,01-

0,03
˃0,03

9 Total nitrogen mg/l ILM 55:2009 0,9-1,7 ˂0,5 0,5-1,5 ˃1,5
10 Total phosphorous mg/l BDS EN ISO 

6878:2005
˂0,005-0,06 ˂0,025 0,025-

0,075
˃0,075

11 Orthophosphates mg/l BDS EN 
27888:2002

˂0,03-0,13 ˂0,02 0,02-
0,04

˃0,04

11 BOD5 mg/l BDS EN 
1899-1:2004

˂0,5-1,8 ˂1,2 1,2-3,0 ˃3,0

12 Dissolved 
substances

mg/l BDS 
17.1.4.04:1980

26-246 - - -

13 Total coliforms cfu/1000 ml BDS EN ISO 
9308-1:2014

˂1-1300 - - -

14 Escherichia Coli cfu/1000 ml BDS EN ISO 
9308-1:2014

˂1-1300 - - -

15 Enterococci cfu/1000 ml BDS EN ISO 
7899-2:2003

˂1-67 - - -

*Analyses are performed by accredited labs as a part of the monitoring program of “Zlatna Panega 
Cement” AD; 
**Ordinance #N-4/14.09.2012 for assessment of the surface water



151

groundwater level is charted. In addition to the charting of groundwater resources, 
the monitoring well also plays an important part in monitoring the effects of pollu-
tion of the groundwater. Potentially the mining activities may cause pollution of the 
groundwater by a surface spill of oil or fuel of the quarry heavy vehicles. 

All these potential contaminants permeate from the surface of the soil to the aqui-
fer and may cause a sudden contamination “Zlatna Panega Cement” AD has very high 
standards for quarry mobile equipment but also monitors specific groups of groundwa-
ter quality parameters in the underground wells two times per year (Table 2). 

In Panega karst region, there is one more groundwater monitoring well, exploit-
ed by the National Institute of Meteorology and Hydrogeology, Bulgarian Academy 
of Sciences.

“Zlatna Panega Cement” AD carries out regular seismic measurements during 
blasting activities in order to determine whether blasts are made by a safe method that 

Table 2. 
Underground Water Parameters in monitoring well #3 for the period of 2018-2019 (6 sets of 
measurements)*

№ Indicator Unit of 
Value

Standards / Validated
Methods

Analysis 
Results 
(Value 
ranges)

Value and 
limitation 

of the 
Indicator**

1 2 3 4 6 7
1 Active 

Reaction (pH)
pH BDS EN ISO 10523:2012 7,19-7,64 ≥ 6,5 and ≤ 9,5

2 Temperature ° C BDS 8451:1977 12,2-15,9 -
3 Electrical 

Conductivity
µS cm -1 BDS еN 27888:2002 204 - 582 2000

4 Dissolved 
oxygen

mg/l BDS 17.1.4.08:1978 3,58 – 8,29 -

5 Permanganate 
Oxidation

mgO2/l BDS 17.1.4.16:1979 <0,50 - 3 5

6 Total hardness mgCaCO3/l BDS EN ISO 6059:2002 1,39 – 11,1 12
7 Ammonium 

Ions (NH4+)
mg/l BDS 17.1.4.10:1979 <0,01 – 0,07 0,5

8 Nitrate Ions 
(NO3- )

mg/l BDS EN ISO 10304-1:2009 5,38 – 8,8 50

9 Nitrite Ions 
(NO2-)

mg/l BDS EN ISO 10304-1:2009 <0,01 – 0,33 0,5

10 Sulphates 
(SO4 2-)

mg/l BDS EN ISO 10304-1:2009 10,02 -20 250

11 Petroleum 
products

µg/l BDS EN ISO 9377-2:2004 <20 - <50 50

*Analyses are performed by accredited labs as a part of the monitoring program of “Zlatna Panega 
Cement” AD; 
**Ordinance #1/10.10.2007 for the exploration, use and protection of the ground water  
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does not impact negatively on the water flow of the Glava Panega Spring. Seismic 
monitoring activities have been conducted since 1969. 

This type of monitoring is carried out annually, in accordance with the require-
ments of national and internationally accepted normative documents. Measurements 
are made with a 24 channel high-resolution RAS-24 station. Seismic receivers are 
arranged in a row with the front to the blasting fields. There are 12 measurement in-
struments – 6 vertical sensors and 6 horizontal sensors in a row. Those channels that 
technically show low internal noise levels are selected for registration. The distance 
between the separated detectors is 3 m at registrations. “Zlatna Panega Cement” AD 
has carried out seismic measurements since 2006 and no negative impacts from blast-
ing activities on groundwater have been reported so far. As there are no groundwater 
norms, 98 cm /s2 is taken as the normative level, above which it is considered danger-
ous for residential and industrial buildings according to Ordinance № RD-02-20-2/ 
27.01.2012 for design of buildings and installations in seismic regions (the seismic 
coefficient for the area is 0.10 g).

All the results obtained during the years of monitoring prove that in the applied 
blasting methodology, there are no dangerous impacts for buildings and facilities, as 
well as for the groundwater regime, according to national and international normative 
documents (Fig. 4 – appendix) (Shanov et al., 2005; Shanov et al., 2009; Shanov et 
al., 2014; Shanov et al., 2015; Shanov, 2018).

An example of the maximal velocity of movement of the superficial layer, reg-
istered with seismic recorders with horizontal and vertical sensibility, compared with 
the international standards is shown on Fig.5 (appendix).

Experimental Laboratory of Karstology at the National Institute of Geophysics, 
Geodesy and Geography, Bulgarian Academy of Sciences, carries out its continu-
ous monitoring on the various parameters, related to the karst system, including the 
tectonic movements in the Saeva dupka cave, which is located at about 1 km south 
from Zlatna Panega quarry. The long-term collected data in the cave shows that the 
sensitive measuring equipment detects none of the activities in the quarry. These 
measurements are another source of data, which has been used by the company to 
quantify its impact on the karst geosystem and the result so far show that the quarry 
activities does not affect Saeva dupka cave – this important karst phenomenon and 
touristic site.  

„Zlatna Panega Cement“AD believes it can develop its quarry with the least 
negative impact. For this reason, the company makes a lot of efforts and invests 
resources into caring not only for groundwater, but also for its karst flora and fau-
na within and around the quarry. There have been numerous consultations with ex-
perts on how the company can take care of biodiversity without disrupting its natural 
rhythm of life.

A specialized report was prepared by Atkins Ltd, UK (July, 2009) for the specific 
purpose of the Zlatna Panega Quarry (Atkins, 2009).

Atkins investigated the potential ecological constrains to quarry developments, 
within the concession and expansion plan areas in “Initial Ecological Scoping Study” 
and provided guidance on the requirement for further protected species surveys. The 
study area for these ecological investigations (~2km²) is shown on Figure 6.

Big diversity of species had been described (mammals, reptiles, amphibians, 
birds, invertebrates), some of them are protected species. Numbers of recommen-
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dations were made with reference to flora and fauna on the research area. Taking 
into consideration all available information and experts’ opinions, “Zlatna Panega 
Cement “AD has developed a biodiversity monitoring plan, including proven experts 
in the field. 

In order to protect flora, in 2012 the company organized the relocation of a pro-
tected orchid species from one part of the quarry, intended to be further developed, 
to another that shall not be disturbed, providing all necessary conditions for natural 
development. Monitoring of the translocations of the protected species and the flora 
diversity is carried out regularly by Botany experts from the Bulgarian Academy of 
Sciences. The scientists have visited “Zlatna Panega” quarry for 9 years and pro-
vided their recommendations on what the company can do to protect all species from 
stress and disappearance. The company follows all recommendations and strives to 
preserve the natural flora during development of the quarries.

Regarding fauna monitoring, the ornithological walks have carried out since 
2015. They are conducted in April, June and August aiming at maximum covering 
of nesting birds’ diversity, as well as of those during spring and autumn migration. 
Karlukovo karst, and in particular Zlatna Panega Quarry, hosts many petrofilic nest-
ing bird species, such as Falco Peregrinus, Falco Tinunnculus and Corvus corax.

Fig. 6. Habitat scheme within the Zlatna Panega quarry and the future expansions



154

The twenty species, detected in the ZP quarries are listed in the Bulgarian Red 
Book, twenty-two are a subject of the neighboring protected zone “Karlukovo karst” 
and eighty-one are protected within the meaning of Biodiversity Act.

CONCLUSION

As it can be noticed above in the table 1 and 2, the results from the chemical ana-
lysis of the lake put its water among those in good, very good and perfect condition.

The data for the quantity and the quality of the water at the monitoring point, 
monitored by Danube Basin Directorate - BG1IS00416MS049, Zlatna Panega river 
(just after Glava Panega lake), also demonstrates that neither the water quality nor the 
water flow have been affected during the exploitation period of Zlatna Panega quarry.  

The obtained velocities and accelerations by the seismic recorders show that for 
distances more than 500 m from the blasting fields, the records are not giving any 
reason to expect impact on the ground water channels (fig. 4 and 5). The measured 
values are further decreased under the ground according to the National Annex of the 
Eurocode 8, appendix F. 

Fauna and flora monitoring data are provided to the company as a report in 
which are presented all recommendations, notes and remarks about observed species 
as well as possible improvements for better biodiversity protection.

“Zlatna Panega Cement” AD carries out regular karst monitoring because the 
company wants to develop its quarries with at least negative affect on Brestnitza karst 
geosystem. It helps the company to determine when the scheduled activities are going 
according to the plan and when changes may be needed. “Zlatna Panega Cement” be-
lieves that all results can be used to demonstrate that monitoring programs have been 
implemented effectively and have had a measurable impact. The data will be used as 
bases for studies on assessment of the ecosystem services and net impact assessment 
of the quarry operation, which will help the company to fine-tune its future activities 
to reach net zero or even positive impact on karts geosystem. 
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Fig. 5. Maximal horizontal velocity of movement of the superficial layer, registered by the 
seismic recorders with horizontal sensibility (red line) and with vertical sensibility (green 

line) over the period 2013-2018, compared to the US, UK and German standards

Fig. 4. Maximal acceleration of the superficial layer and the respective frequency range, 
measured at Zlatna Panega Lake during blasting activities throughout the years 2013-2018




