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Abstract: In Romania, numerous geotechnical and geomechanical studies have been carried out 

for the rocks collected from the mining perimeters of the gold-bearing quadrangle of the Apuseni 

Mountains. The paper presents a study for the exploitation of gold from the Roșia Montană 

mining perimeter by a new project. It also analyzed the possibility of using the rocks from the 

excavations for the construction of terrestrial communication roads and the priming dike for the 

settling pond. The rocks were also checked for their suitability for use in construction in the 

manageability classes according to the standards. 
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1. INTRODUCTION 

 

Mineral resources have returned to the center of investors' attention. Global gold 

demand in 2011 was a record $205.5 billion and the price per ounce of gold was very 

high compared to historical values, indicating a favorable global context for new mining 

operations. 

European countries with significant gold reserves have invested in the 

construction of modern and efficient gold mining operations. Among the most relevant 

examples are Turkey, Sweden, Finland and Greece. 

Romania's mining strategy for 2008-2020, prepared by the Ministry of Economy 

and approved by the Romanian Government, foresees that one of the measures to be 

taken during this period will be the gradual reduction of the role of the state in mining 

exploration and exploitation activities. 

Currently, there are two valid exploitation licenses and seven exploration 

licenses for gold and silver in Romania, according to data from the National Agency for 

Mineral Resources: Rosia Montana, Alba - Rosia Montana Gold Corporation S.A. and 

Certej, Hunedoara - SC Deva Gold S.A. 

If the two projects with mining licenses start producing gold, Romania would 

become the biggest gold producer in Europe. According to the companies involved, 

annual production at Roșia Montană will be 15 tons of gold and 3 tons at Certej. 

The Roșia Montană mining project involves the extraction and concentration by 

flotation of 3 million tons of gold ore followed by the processing of 420 thousand 
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tons/year of gold concentrate for a period of 11 years, together with the storage and 

management of waste resulting from mining and mineral processing. 

 

2. THE ROȘIA MONTANĂ MINING PROJECT 

 

The Rosia Montana gold mining project is one of the most important investments 

in Romania in recent years. The project is operated by Rosia Montana Gold Corporation 

(RMGC), which is a joint venture between the Canadian company Gabriel Resources 

(76%) and the Romanian state, through Minvest Deva (24%). Mining activity at Rosia 

Montana dates back more than 2000 years, the most relevant technical aspects can be 

considered to be those after 1970, a year considered to be a particular milestone in the 

mining activity at Rosia Montana, the year in which the last major investment was made, 

the mine operating in this form until June 2006 when it stopped its activity. In 1970, the 

Cetate quarry was opened and for the first time surface mining began. The opening of 

the Cetate quarry meant the destruction of the historical monument "Roman Fortresses" 

Also in 1970 the capacity of the Gura Rosiei processing plant was developed, with a 

processing capacity of 420 thousand tons of ore per year. 

The gold-silver ore processing technology chosen was the flotation 

concentration of metallic sulphides containing gold and silver, obtaining a gold pyrite 

concentrate. 

The choice was made to open the Cetate quarry instead of the Cârnic quarry, 

because the agreed technology, in conjunction with the requirements of the regime of 

the time, managed to solve the social problems of the time. There are certain data 

relevant to the Rosia Montana deposit. 

These data directly influence the technological schemes applicable to the 

processing of the ore: 

  -Roșia Montană ores have low grades.  High grade zones have been mined for 

over 2000 years.  The revenues that can be recorded per ton of ore are therefore low and 

the processing method used must involve low operating costs. 

   -The Rosia Montana deposit is large in size and low in grade. The processing 

method must allow large quantities to be processed in order to ensure adequate economic 

benefits and a sustainable project unaffected by changing economic conditions. 

  -In addition to gold, the ore from Rosia Montana also contains significant 

quantities of silver.  The chosen technological process must also allow for the recovery 

of silver. 

   -The ore from Rosia Montana contains sulphides - mainly pyrite. Processes 

not applicable to sulphide ores cannot be used. 

   The ores from Roșia Montană contain gold and silver associated with both 

sulphide and non-sulphide host rocks. A process that treats only the host rock (silicate) 

or only the sulphides will result in low extraction yields and improper exploitation of the 

resource. The process must consider both gold and silver host mineralization. 

These issues imply several options for the technological process, and the 

leaching alternatives will be heavily disadvantaged and cannot be applied without test 

work and economic analysis. 
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Processes involving high operating costs, such as pressure oxidation of the 

whole ore and similar complex processes at high temperature and pressure cannot be 

applied. 

Halide leaching alternatives (bromide, chloride, iodide) do not recover silver. 

Apart from the issues of cost, toxicity and the difficulty of denitrification of the tailings, 

these leaching alternatives do not allow silver to be extracted at all, this substantial and 

valuable resource remaining in the tailings. 

It is assumed that gold and silver can be extracted from the sulphides by flotation 

or other recovery processes, but much of the precious metals that are not concentrated in 

the sulphides will be lost, remaining in the flotation tailings. If the flotation tailings are 

not also processed, large losses of gold and silver removed with the process tailings will 

result. 

In order to sustain the economics of the project and to continue operation in more 

unfavorable economic times it will likely be necessary to process all of the ore. 

The processing of the entire quantity of ore is necessary to maximize the rational 

exploitation of the resource at Rosia Montana. 

While these conclusions can be drawn by simply analyzing the characteristics 

of the ore from Roșia Montană, various other variants of supposedly disadvantageous 

technological processes were evaluated during the processes of choosing the 

technological scheme, to which several international design companies involved in the 

development of the project contributed. [1], [3], [5], [8]. 

 

 

2.1. Technological flow 

 

All the gold mining units in Romania before 1989 were included in a 

technological flow made up of 3 technological segments, the first segment involved the 

production of gold concentrates from ore, Roșia Montană, Brad - Gura Barza, Certej. 

The second segment involved the reprocessing of gold concentrates by Merill-Crowe 

type cyanidation at the Săsar and Baia de Arieș cyanidation plants, obtaining very rich 

concentrates, respectively 6000-7000g/t Au. The third segment was carried out at Baia 

Mare, where the concentrates from the cyanidation were metallurgically processed and 

alloyed. Thus, under conditions of maximum yields planned by research and design for 

each segment of 75% at Roșia Montană, 80% at Baia de Arieș cyanidation and 95% at 

Baia Mare, a maximum yield of 57% could be obtained. Under certain real conditions, 

however, the intermediate yields were less than: 56% Roșia Montană, 75% Baia de 

Arieș, and 95% Baia Mare, and the final yield was 40%. In simple terms, from 100 kg 

of gold in the ore at Rosia Montana, between 40-57 kg of gold could be finally obtained 

in the form of ingot, the rest being found in the tailings ponds of the mining units. 

At Rosia Montana, the technology for obtaining gold pyrite concentrates by 

flotation was designed to have a maximum yield of 75%, ensured by combining the ore 

from the 5 zones of the Cetate quarry, a breccia zone and 4 dacite zones in the 

predetermined proportions, so that the sulfur concentration in the ore mixture would be 

at least 3%, which is necessary for the flotation process. 
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At Rosia Montana, there was never any question of recovering other chemical 

elements existing in the deposit in very low concentrations, because it was not 

economically efficient. All the research studies carried out over the years by 

specialized institutes have confirmed that only gold and silver are of economic interest 

to be exploited at Rosia Montana. In Figures 1 and 2 I show the elements with 

concentrations below the Earth's crust average, respectively the elements with 

concentrations above the Earth's crust average. [6], [9].  

 

 

    
Figure 1. Figure explanation 

    
Figure 2. Elements with above-average concentrations in the Earth's crust 
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Geological prospecting was carried out gradually over time by a specialized unit, 

IPEG Deva, with the aim of discovering gold-silver ore reserves. The quantity of ore 

discovered did not exceed 15 million tons. At the ore processing plant, two types of gold 

concentrates were produced: gold-bearing pyrite obtained by flotation, with a gold 

content of 20-30g/t, and a low-sulfur gold concentrate with a gold content of 40-60g/t, 

periodically harvested from specific areas of the plant where free gold concentrated 

hydro-gravitationally, without any technical control of the process. Additionally, raw 

gold was obtained by amalgamating very rich sands periodically collected from areas 

with high centrifugal-gravitational concentration potential, especially from the interior 

of the ore mills, behind the shields. 

The gold concentrates from Roșia Montană were sold for reprocessing by 

cyanidation at Săsar until 1993, then at Baia de Arieș until 2003 when cyanidation was 

stopped, and later at Transgold Baia Mare until 2006, when mining activities at Roșia 

Montană ceased. 

The raw gold obtained through amalgamation was always delivered to the final 

processor for purification. 

As mining progressed at the Cetate quarry, changes in the geological 

characteristics of the ore began to appear (compared to the initial state when the quarry 

opened), materialized by a decrease in the sulfur content in the ore. This resulted in the 

recovery of gold concentrates through flotation with increasingly lower yields, with 

much of the free gold in the ore remaining in the waste, as there was no technological 

segment for its recovery. Very fine gold (less than 10 microns) could be recovered by 

flotation, while coarse free gold (over 100 microns) was recovered by gravity or 

centrifugal methods in the mills. However, the fraction between 10 and 100 microns 

remained in the waste. 

After 1990, mining activities at Roșia Montană continued passively, requiring 

subsidies to operate due to changes in economic-financial analysis principles. The 

volume of subsidies amounted to approximately 4 million euros per year, with a 

subsidization rate of 70%, for an expenditure of 1000 RON per goods production of 

2700-3000 RON. 

There were also attempts to expand production capacities, one before 1989 with 

a much larger capacity than the existing one, at the Carpeni processing plant, a project 

that was not realized due to the change in the system after 1989. Another project aimed 

to increase the production capacity from 420.000 tons per year to 580.000 tons per year, 

using the same processing technology, approved by the government in 1995 but not 

materialized due to lack of funding capacity. Starting in 1997, the national restructuring 

program in mining began, involving repeated layoffs, which ended in 2006 when mining 

activities ceased. 

 

2.2. Cyanide Use in Gold Extraction 

 

Over 95% of global mining operations use cyanide as a reagent to recover gold 

in the technological process. This technology is used by countries with significant 

environmental concerns, such as Sweden, Finland and the United States. [4], [5]. 
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Cyanide remains the preferred reagent in the extraction of gold and silver, 

despite extensive research aimed at identifying more benign chemical methods to replace 

it. The use of cyanide by the world’s most sophisticated mining companies continues to 

confirm that cyanidation is the preferred extraction method. Even in new mining 

operations and in jurisdictions most concerned about environmental issues, cyanide 

continues to be selected as the extraction method. In fact, in the vast majority of cases, 

it is the only practical reagent available for the extraction process. Cyanide is a reagent 

subject to strict regulations concerning its manufacture, transport, handling, use, 

neutralization, and waste management in the mining industry.  

Only about 13% of the global production of cyanide is used in the mining 

industry. The industry has over 100 years of experience in selecting safe management 

techniques, if properly implemented. The results of this experience are integrated into 

the International Cyanide Management Code, to which Roșia Montană Gold Corporation 

(RMGC) is a signatory. 

Experts have confirmed that the proposed project for cyanide use, detoxification, 

and subsequent waste management complies with the Best Available Techniques (BAT) 

as per the European Commission's standards. 

RMGC is committed to meeting the strictest performance standards regarding 

toxicity, which can be achieved given the characteristics of the ore. Performance can be 

measured and confirmed, with toxicity reaching negligible levels that pose no danger. 

RMGC implements proven techniques that have demonstrated viability and 

applies the most prudent and safest global standards. Moreover, RMGC uses the best 

detoxification technology to ensure the lowest possible cyanide levels in processing 

waste. 

The strict standard set by EU and Romanian legislation is 10 ppm CNWAD 

(Weak Acid Dissociable Cyanide), and RMGC has committed not to exceed an average 

of 5 to 7 ppm CNWAD, measured monthly at the discharge point to the Tailings 

Decantation Pond (IDS), a level well below the EU directive limit, which takes 

operational realities into account. 

The detoxification tests using the best technology for the ore characteristics at 

Roșia Montană yielded values ranging from 1 ppm to 1.6 ppm CNWAD. 

This proposed project doubled the time required for the detoxification reaction, 

cyanide oxidation, in compliance with BAT requirements. The reagent systems have 

additional capacity to account for variations in ore characteristics and to ensure 

compliance with discharge standards. This ensures total exposure of all waste to the 

neutralization chemical reaction, which minimizes cyanide concentration and 

contributes to achieving the best possible result. In these conditions, the cyanide levels 

resulting from the oxidation process are determined by the ore's characteristics, not by 

the technology or neutralization method. 

Additional natural degradation of cyanide, upon exposure to sunlight, and its 

dilution within the larger mass of previously degraded material, allows for a second 

reduced standard of 3 ppm CNWAD in the IDS. International standards vary, with 

concentrations between 10 ppm CNWAD in the EU, 50 ppm CNWAD in Australia, and 

even 100 ppm CNTOTAL cyanide in Argentina. These levels are considered safe for 

animals and birds that may be exposed to the tailings pond area. 
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3. GEOMECHANICAL CHARACTERIZATION OF ROȘIA MONTANĂ ORE 

BODY 

 

Laboratory analyses and determinations were carried out on rock samples 

collected from geotechnical drilling: 

• Granulometric analysis of soils; 

• Determination of natural moisture (w) and plasticity limit moisture (wL, wP); 

• Consistency and plasticity indices (IC, IP); 

• Determination of contraction-swelling behavior of soils (PUCM); 

• Compressibility testing for undisturbed soil samples; 

• Shear resistance parameters (Ф, c) for undisturbed soil samples. 

The results were analyzed and summarized in tables. At the Geotechnical 

Analysis and Testing Laboratory of the University of Petroșani, physical, mechanical, 

and deformation properties were determined according to current standards for 

classification in accordance with the admissibility standards, for use in construction. 

The potential use of the rocks from excavations for the construction of road 

infrastructure and for the embankment dam of the tailings pond was also analyzed. [1], 

[2], [10]. 

For the use of rocks in infrastructure works and concrete for surface industrial 

foundation construction, they must meet the SR 667/2001 standard. According to the 

standard, rocks from quarries are classified into five classes (A, B, C, D, E), depending 

on intrinsic physical and mechanical characteristics: apparent porosity at normal 

pressure; compressive strength in dry state; wear resistance using the Los Angeles 

machine; crushing resistance under dry compressive conditions; freeze-thaw resistance. 

The natural stone products used for road infrastructure and concrete must come 

from igneous, metamorphic, or sedimentary rocks. The rocks must be homogeneous in 

structure and mineralogical composition, free from visible physical or chemical 

degradation, devoid of pyrite, limonite, or soluble salts, and free from microcrystalline 

or amorphous silica that could react with the alkalies in cement. 

The geotechnical study for the plant site aims to analyze the geotechnical 

characteristics of the proposed location, including current conditions, lithology, and 

properties of the strata, groundwater table location, and recommend the best solutions 

for the safety of the processing plant’s construction. 

 

4. CONCLUSIONS 

 

The Roșia Montană mining project involves the extraction and flotation 

concentration of 3 million tons of gold ore, followed by the processing of 420,000 

tons/year of gold concentrate over 11 years. Waste disposal and management resulting 

from mining operations and ore processing are required. 

All research studies carried out over time by specialized institutes have 

confirmed that only gold and silver are of economic interest to exploit at Roșia Montană. 

It was never considered to recover other chemical elements from the deposit in very low 

concentrations, as it was economically inefficient. 
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The amount of ore discovered did not exceed 15 million tons. Two types of gold 

concentrates were produced: gold-bearing pyrite obtained by flotation with a gold 

content of 20-30g/t and a low-sulfur gold concentrate with a gold content of 40-60g/t. 

The annual gold production at Roșia Montană could reach 15 tons of gold. 

Over 95% of global mining operations use cyanide for gold recovery. This 

technology is used by environmentally conscious countries like Sweden, Finland, and 

the USA. 

EU and Romanian legislation sets a 10 ppm CNWAD standard for cyanide in 

acid medium, and RMGC has committed to not exceeding an average of 5 to 7 ppm 

CNWAD. 

The detoxification tests using the best technology for Roșia Montană ore 

characteristics ranged from 1 ppm to 1.6 ppm CNWAD. 

The analyzed rocks fall into class A and we’ll be available to be used for mining 

surface constructions and the infrastructure of land communication routes which will be 

executed in the road area. 
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EXCAVATION OF THE REFUGE INCLINE, BETWEEN 
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FROM OCNELE MARI ROCK SALT MINE 
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Abstract: The refuge incline between the levels +190m and +226m, was designed and executed 

as an additional escape way for personnel in the case of possible collapse of the resistance 

structures. The paper presents synthetically the stability analysis by numerical modeling with 

finite element of the incline and of the resistance structures at the boundary between the deposit 

floor and the mining field. Also, the main elements of the refuge incline excavation project by 

drilling-blasting technology are synthesized. 
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1. THE GEOLOGICAL CHARACTERISTICS OF THE OCNELE MARI ROCK 

SALT DEPOSIT 

 

The Ocnele Mari rock salt deposit (fig.1) is found in the area of the subcarpathian 

hills of Oltenia, stretching from the east of the Olt river to the west of the Govora stream, 

passing through the territory of the Ocnele Mari locality in Vâlcea county [28]. 

 

    
Figure 1. Geological vertical cross-section through the Ocnele Mari rock salt massif 

 

 The Cocenesti perimeter is located in the eastern area of the Ocnele Mari 

deposit. Access to the deposit is on the road that goes to the town of Ocnele Mari, Vâlcea 

county. The morphology of the region has a hilly aspect, with heights between 

250 - 450m. 

From a stratigraphic point of view, the Ocnele Mari region includes Paleogene, 

Neogene and Quaternary geological formations. 
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The deposit includes the following geological formations: in the roof of the 

deposit there are deposits made of yellowish clays, predominantly fine sandy, compact 

marls, sometimes with friction mirrors, and near the contact with rock salt and anhydrite 

nests. In the development area of the Sarmatian, the sequence of deposits in the roof of 

the deposit begins with deposits of clayey sands, fine sandy clays, micafers with white 

films and intercalations of gray sands. 

The Ocnele-Mari rock salt deposit has the shape of an elongated lens in the E-

W direction, measuring approx. 7.5 km, and to the N-S approx. 3.5 km, presenting an 

axial rise in the Ocniţa area, with slopes to the N. 

The thickness of the roof deposits varies between 20 and 50 m, in the southern 

part and up to 700-800 m, in the northern part, with the sinking of the deposit. The 

thickness of the rock salt deposit is variable, reaching up to the laminations in the north 

and south, the maximum thickness reaching 450 m, in the central part of the lens. 

The rock salt in the deposit has a macrogranular structure with well-developed 

crystals, grayish white or blackish in color, depending on the contribution of terrigenous 

impurities. Banks of white rock salt alternate with those of darker rock salt, and in the 

lower part of the deposit, a bank of black salt with thicknesses from 5 to 30 m, impurized 

with anhydrite, having a higher hardness and compactness than the rest of the rock salt, 

frequently appears from the deposit. 

The deposits in the floor of the deposit are composed of compact gray marls, 

stratified, with films of sand on stratification planes, sometimes gray-green. 

From a tectonic point of view, the Ocnele Mari rock salt deposit is flanked to the 

north and south by two major faults, namely: the Stoeneşti fault with the NE direction 

and dip to the N; the Church fault with the NE direction and dip to the N [20]. 

From a genetic point of view, rock salt was formed in a halogen pool made up 

of a series of bays and lagoons. The rock salt was deposited unevenly inside the basin, 

depending on the intake conditions and the morphology of the bottom of the 

sedimentation basin, the age of the rock salt from Ocnele Mari - Cocenesti being middle 

Badenian. 

From a macroscopic point of view, the rock salt from Coceneşti - Ocnele Mari 

is presented in the form of alternating bands of white salt and dark gray or blackish rock  

salt, impure with films and centimeter fragments of marl or nests of anhydrite. 

The mineralogical composition consists mainly of gypsum and anhydrite, in a 

proportion of 1 - 5% and 0.02 - 0.30%  kieserite, and clay and coal minerals in a 

proportion of approx. 5-35%. 

The chemical composition of the rock salt indicates an average content of 99% 

NaCl and 0.91 – 4.21%  insoluble. 

The rock salt from the Ocnele Mari deposit is presented in the form of 

alternations of centimeter-sized banks of white salt, dark gray or blackish salt. Towards 

the bed of the lens appears a bank of blackish or black salt with a thickness of 5-25 m 

having a higher hardness than white or gray salt (Prida et al., 2004). 

The microscopic analyzes performed on the samples collected from the mining 

boreholes highlighted, mainly, the following minerals: halite (NaCl), 94.50%; anhydrite 

(CaSO4), 1-5%; gypsum (CaSO4*2.H2O) <1 %; kiserite (MgSO4*H2O) < 2.5%; 

schoenite (K2Mg(SO40*6.H2O) <7%; clay minerals and coal substances <45%. 
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2. EXPLOITATION OF THE ROCK SALT DEPOSIT UNDER GEO-MINING 

CONDITIONS FROM OCNELE MARI 

 

The main workings to open the Ocnele Mari rock salt deposit are the following: 

the access tunnel, with a total length of 736 m, designed for trucks transport; transverse 

gallery opening the horizon + 226 m; trucks incline, for opening the horizon +210 m, 

with the length of approx. 260 m; the transverse gallery opening the horizon +210 m, 

with the length of approx. 110 m; ventilation shaft no. 1, the western wing, excavated 

between levels +305.35 and +225.25 m (at the bottom part of the shaft, at the horizon + 

226 m, the main fan station is set up); the transport gallery with belt conveyors, between 

the +253.69 m and +201.49 m levels, which is currently under construction [28]. 

The mining method used at the Ocnele Mari rock salt mine is the one with small 

rooms and square pillars, which consists in the excavation through the drilling-blasting 

technology of the rooms, between which are abandoned parallelepiped pillars with a 

square base, called inter-rooms pillars  [1, 2, 4, 25, 22]. 

By adopting the mechanized cutting technology with the Sandvik MT 520 

roadheader, the use of explosive cutting will be abandoned, also eliminating their 

destructive effect on resistance structures. 

At horizons +210 m, +226 m and +190 m, the mining method with small rooms 

and square pillars is applied. The tracing network of the mining method is based on the 

gap (square network) with a side of 30 m, in which the opening (width) of the rooms, 

respectively the side of the pillars is dimensioned according to the mining depth, so that 

their sum (lc + lp) always be 30 m [11, 32]. 

 Depending on the depth from the surface, the width of the rooms is 15 m (east) 

16 m (west), and the pillars 15 m and 14 m. The ceilings thickness between the first 

exploitation horizons is 8 m and 10 m, between the next two. 

 

3. LOCATION OF THE REFUGE INCLINE 

 

The incline of connection between horizon +190 m and +226 m (fig.2), the 

western wing has a total length of 410.1 m and is designed to be a way of refuge for 

personnel and equipment from underground in case of possible damages produced at 

Ocnele Mari saline [26]. 

The incline is composed of two segments: the first section has a length of 180.4 

m, with a slope of 8.9% (for truck transport); the second section is 229.7 m long, with a 

slope of 8.7%. The horizontal distance between the planes is approx. 34.5 m, which 

determined the design of 18 m curvature radii, in the connecting areas with the ceilings, 

radii that allow dump trucks to enter the curve. 

The distance of the incline horizons +190m/+210 m from the limit of the mining 

rooms from the horizon. +190 m is 5.3m and 7.5m, and the inclined plane horizon. 

+210 m/+226 m from the limit of the mining rooms from horizon.+226 m is 17.5m. 
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Figure 2. Spatial representation of the incline horizons +190m/226m and of the neighboring 

rooms 

 

The choice of a cross-section of the incline with a width of 6 m, a height of 5 m 

and a cross-section of 28.28m2 (fig.3) was determined by the possibility of digging in 

optimal conditions of the inclined plane and by the need to evacuate the equipment from 

underground in case an accident. 

 

 
Figure 3. The geometric parameters of the transverse cross-section of the refuge incline 

horizons +190m/+226m, from Ocnele Mari saline 
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The spatial positioning of the incline with respect to the exploited areas and in 

relation to the limit of the deposit in the rocks floor was established following the 

execution of 11 geological research drillings, from the mining rooms, located at the 

+190 m horizon level, in order to precisely establish the limit between the rock salt 

deposit and the rocks in the floor. So that the location of the incline with respect to the 

boundaries of the deposit and with respect to the exploited areas does not cause a 

concentration of stresses that endangers the stability of the incline. Thus, avoids its 

intersection with the sterile rocks in the floor, a situation that would have required 

support with elements bearing of the incline and implicitly the generation of unjustified 

expenses [26]. 

 

4. FINITE ELEMENT ANALYSIS OF ESCAPE INCLINE STABILITY 

 

The incline horizons +190 m/266 m  was modeled in plane strain hypotesis in a 

vertical cross-section to capture the presence of the horizontal +190 m/+210 m section 

as close as possible to the pillar between the incline and the mining rooms, which is and 

the critical situation both in terms of the stability of the inclined plane and the stability 

of the 7.5 m wide pillar. The position of the incline being variable in space, the vertical 

cross-section captured the incline +190m/+210m with the height of the excavation floor 

at +192 m, and the inclined plane +210 m/+226 m, at the level of 224 m. The depth of 

the excavation fllor, measured from the surface, is 136 m, for the lower inclined plane 

and 111m, for the upper plane. 

In the stability calculations, an elasto-plastic behavior law without Mohr-

Coulomb type hardening/hardening was chosen [23, 24, 25]. 

Carrying out the analysis with finite element in 2D (fig.4), in plane strain 

deformation (***, 2008), for the models defined above, required the following stages: I) 

establishing the limits, the area of interest and the discretization the model; II) 

determination of areas (regions), calculation assumptions and introduction of 

geomechanical characteristics; III) imposition of boundary conditions; IV) establishing 

the initial and loading conditions of the model; V) making calculations and storing the 

results  [23, 24]. 

 

    
Figure 4. Finite element model discretization of incline stability analysis 
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To simplify the 2D numerical model, two regions with specific geomechanical 

characteristics, corresponding to the surrounding rocks and the rock salt deposit, were 

considered. The characteristics of the rock salt (mainly), considered homogeneous and 

isotropic, are presented in table 1 and taken into account with average values, under the 

hypothesis of elasto-plastic behavior without hardening, of the Mohr-Coulomb type [12, 

36]. 

 
Table 1. The main average geomechanical characteristics of the rock salt massif 

and surrounding rocks considered in finite element modeling 

 

The initial loading conditions of the 2D model were considered geostatic 

(Herget, 1988) [9], corresponding to variable thicknesses of the covering formations. 

The analysis of the results obtained from the modeling with 2D finite element, 

respectively the analysis of the stability of the incline at the level of the upper and lower 

section can be done by comparing the values of tensile, shear and compression stresses 

calculated on the outline of the excavations with the rock salt strength values, 

summarized in table 1. The maximum principal stresses   and minimum are represented 

scalar in figure 5. 

 

 
a) 

Characteristic MU 
Value 

Rock salt Surrounding rocks 

Apparent density , a  kg/m3 2 150 1900 

Apparent specific weight  , a  kN/m3 21,5 19 

Elasticity modulus ,  E kN/m2 1 500 000 700 000 

Poisson's ratio ,    adim. 0.25 0.22 

Compressive strength , c  kN/m2 21 700 4 000 

Tensile strength , t   kN/m2 1 200 500 

Shear strength , 
f  kN/m2 2 300 - 

Cohesion , C kN/m2 4 000 1 000 

Internal friction angle ,   o 30 18 
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b)    

Figure 5. Principal stresses (a) maximum and (b) minimum, in kN/m2 

 

A synthetic indicator of the stability of the incline is represented by the safety 

coefficient calculated according to the Mohr-Coulomb criterion, on the outline of the 

excavations (fig. 6 and 7). Analyzing the values of the safety coefficients in figures 6 

and 7, it can be found an increased stability in the area of the floor and the ceiling of the 

incline and a lower stability in the area of the walls, especially in the points of 

intersection of the walls with the floor and the ceiling [26]. 

 

 
Figure 6. Distribution of the safety coefficient around the incline horizons +210m/+226m 
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Figure 7. Distribution of the safety coefficient around the incline horizons 

+190m/+210m 

 

5. DRILLING-BLASTING TECHNOLOGY OF THE ESCAPE INCLINE 

BETWEEN +190M AND +226M HORIZONS 

 

The following machines and equipment will be used in equipping the drilling-

blasting excavation technology: SANDVIK DD411 jumbo (fig. 8.a); Ural-33 chain saw 

machine; the KOMATSU WA380-8EO wheel loader (fig.8.b); VOLVO A30G dump 

truck (fig. 8.c); JLG auto nacelle; GAV -1000 fan of 9 kW. 

 

 
a) 

  
b)      c) 

Figure 8. The machines in the digging front:  

a) SANDVIK DD411 jumbo; b) KOMATSU WA380-8EO wheel loader; 

c) VOLVO A30G dump truck 
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Excavation using the drilling-blasting technology of the incline +190m/+226m 

is carried out by detonation with explosives placed in ordinary mine holes, in steps of 

1.6 m (the drilling-blasting scheme is shown in fig.9. 

 

    
Figure 9. Drilling holes placement scheme for digging the incline 

 

The charging of the holes and the triggering of the explosion is carried out after 

cutting with the help of the URAL-33 chain saw machine a bottom cut at the floor of the 

mining working, with a depth of 1.9 m and a thickness of 0.15 m, the charging of the 

holes and the blasting follow. Then, after ventilation and scaling the ceiling and walls of 

the excavation, the technology continues with the evacuation of the crushed material 

with the KOMATSU WA380-8EO front loader (bucket volume of 4m3), loading into 

VOLVO A30G dump trucks (bucket volume of 17.8m3) and transportation of rock salt 

over a distance of 850 m, measured from the bottom of the incline, to the underground 

warehouse rock salt from horizon +190 m, rooms 7 W / 35 E  [18. 19]. 

The simple process of excavating the refuge incline +190m/+226m, according 

to this technology, includes the following technological phases: 1) bottom cut; 2) drilling 

mine holes; 3) explosive charging of mine holes; 5) ventilation the front after the 

operation of blasting the holes; 6) scaling the ceiling and walls; 7) evacuation, loading 

and transport of rock salt detached from the front [15, 16]. 

The explosive used is RIOMAX XE (MAXAM) in the form of 200 g cartridges, 

with a length of 200 mm and a maximum diameter of 32 mm, initiated with millisecond 

delay detonator MM SED 30 ms, arranged in 6 delay intervals (starting from the floor to 

the ceiling). The nominal diameter of the holes is 40 mm, and the length of the holes 
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varies between 2.0 m and 2.07 m, depending on the inclination of the holes to the front 

(fig.7). According to the drilling-blasting  monograph [3, 5, 6, 13, 17, 33, 34], the main 

parameters, for a step of advancement, are the following: the total amount of explosive, 

34 kg; the specific consumption of explosive, 0.349kg/t, total hole length, 78.75m, 

0.809m/t.  When advancing the front by one step, a quantity of 97.283 t of rock salt is 

obtained. 

The partial ventilation of the sections of the incline connecting the horizons 

+190m and +226m are made in a forced draught system, on the lengths of 180.4m 

(between horizon +226 m and +210 m) and 229.7m (between horizon +210 m and +190 

m), designed in accordance with the regulations in force [7, 8, 21]. In the above 

conditions, the GAV -1000 fan was chosen, which is part of the Ocnele Mari Saline, 

with the following nominal parameters: fan flow rate, 1,000 m3/min; fan depression, 

minimum 63.8 mm H2O; engine power, 9 kW; supply voltage, 380V; diameter of 

ventilation column, 1 000 mm [26]. 

The technical-economic indicators were designed [27, 29, 30] for a step advance 

of 3.2m/day, respectively 2 cycles/day (table 2). 

 
Table 2. The main technical and economic indicators for digging the incline horizons 

+190m/+226m 

Specification MU Value 

Total length  m 410.10 

Cross section  m2 28.28 

Rock salt reserve  t 24 935.00 

Construction time months 6.15  

Duration of a production cycle hours 6.00 

Number of man.shifts  per cycle man.shift/  per cycle 3.67 

Productivity m/man.shift 0.44 

Total unit cost lei/m 3 034.78 

 

6. CONCLUSIONS 

 

 The refuge incline between the horizons +190m and +226m was required as an 

additional way of escape for personnel, in the conditions that there would be a failure of 

the resistance ceilings between the mining levels that would stop the evacuation of 

personnel on the opening mine workings. 

 The placement of the floor rocks of the deposit, due to the proximity of the floor 

deposit, required geological research boreholes to accurately establish the floor plane 

and not intersect the waste rock with the incline. 

Due to the proximity of the incline to the exploited rooms from the +190m, 

+210m and +226m horizons, a stability analysis of the pillars between the incline and 

the rooms was carried out, by numerical modeling with finite element in 2D. 

The technology chosen for digging the incline was by drilling-blasting, specific 

to the execution of horizontal and inclined mining workings at Ocnele Mari rock salt 

mine. 
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The calculated technical-economic indicators for digging the refuge incline are 

favorable, taking into account the valorisation of the obtained rock salt reserve, resulting 

in a net benefit at the level of the saline of over 2.5 million lei. 
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Abstract: The closure of mining activities in Romania, particularly in the Maramureș region, 

has left a lasting environmental legacy that intersects with protected areas such as Someșul 

Inferior and Bozânta. This paper explores the ecological, social and structural impacts of mining 

legacies on protected areas, focusing on challenges such as acid mine drainage, heavy metal 

contamination and habitat degradation. Key mining site case studies highlight the persistent risks 

posed by abandoned infrastructure and insufficient rehabilitation efforts. The study highlights 

the need for robust policy measures, ecological restoration and community engagement to 

mitigate these impacts and to promote sustainable management of protected areas and resources. 

 

Key words: Mining Closure, Acid Mine Drainage, Environmental Impact, Natura 2000, 

Protected Areas, Biodiversity Conservation. 

 

 

1. INTRODUCTION 

 

The establishment of protected areas in Romania has followed a problematic 

trajectory, characterized by rapid expansion without adequate consideration of existing 

industrial activities or comprehensive economic impact assessments. This approach has 

created significant challenges in regions with historical mining activities, particularly in 

Maramureș, where centuries of mineral extraction have left an enduring environmental 

legacy. 

The mining industry in Maramureș represents one of Romania's most significant 

historical mineral extraction regions, with documented activities dating back to the 14th 

century. The region's complex geology has facilitated the extraction of diverse mineral 

resources, including gold, silver, lead, zinc, and copper, creating a multifaceted 

environmental challenge that persists long after mining operations have ceased. 

Recent environmental protection initiatives, particularly following Romania's 

accession to the European Union in 2007, have led to the designation of numerous 

protected areas throughout the country. However, the apparent random delineation of 

these protected areas has created significant obstacles for both environmental 

conservation and economic activities. Many protected areas now encompass, or border 

former mining sites severely affected by acid mine drainage (AMD) [1][2] and heavy 

metal contamination, creating a fundamental contradiction between conservation 

objectives and environmental reality. 
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Environmental rehabilitation works within these protected areas face additional 

complications due to stringent conservation requirements, while Romanian 

environmental protection legislation continues to struggle with inconsistencies. The 

declaration of Romania's entire territory as a sensitive area remains largely rhetorical, 

failing to translate into effective environmental protection measures. [3] 

 

1.1. Historical Mining Context 

The Maramureș mining district has created an extensive network of underground 

workings, waste dumps, and processing facilities throughout its operational history. 

According to researchers, the total volume of underground voids in the region exceeds 

50 million cubic meters. These abandoned mining spaces now present significant 

environmental and safety risks, including ground instability, acid mine drainage, and 

heavy metal contamination of soil and water resources.[4] 

Mining activities in the region have historically focused on polymetallic ore 

deposits, with extraction methods evolving from primitive surface workings to 

sophisticated underground operations. This evolution has left a complex legacy of 

environmental challenges, including: 

 Acid mine drainage. Historical mining practices, particularly those predating 

modern environmental regulations, have created extensive networks of 

underground workings that continue to generate acidic discharge with high 

concentrations of dissolved metals.[5] 

 Waste processing impacts, with substantial quantities of material generated 

during ore processing. Estimates suggest over 44 million tons of tailings have 

been deposited in the Bozânta facility alone, impacting surrounding ecosystems 

through direct contamination and wind-borne dispersion of particles.[1] 

 

1.2. Regulatory Framework 

Romania's integration into the European Union necessitated significant changes 

in environmental protection measures. The current regulatory framework encompasses 

multiple layers of legislation, including: 

 The Environmental Protection Law, which establishes fundamental 

environmental protection principles and requirements. This legislation 

introduced stricter environmental impact assessment procedures and enhanced 

provisions for public participation in environmental decision-making.[6] 

 The Mining Law, providing specific regulations for mining activities, including 

closure and rehabilitation requirements. This legislation emphasizes the 

importance of environmental protection during all phases of mining operations, 

from exploration to post-closure monitoring.[7] 

 Natura 2000 requirements, which add another layer of environmental 

protection, often overlapping with existing mining areas. Recent assessments by 

the European Environment Agency 2024 highlight the complex management 

challenges arising from conflicts between conservation objectives and persistent 

mining-related pollution. 
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2. CURRENT STATE OF THE PROBLEM 

 

2.1. Bozânta natural protected area (ROSCI0302) 

 

The Bozânta protected area (Figure 1), classified as a Site of Community 

Importance (SCI) under the Natura 2000 network, spans 70.4 hectares and was 

designated in 2016. Its primary purpose is to safeguard two types of natural habitats. 

However, the Bozânta SCI faces significant ecological challenges due to multiple 

pollution sources, which threaten the integrity of the habitats it aims to protect.[8] 

 

 
Figure 1. The protected natural area Bozânta (ROSCI0302) and its limits [9] 

 

Among these sources are abandoned mines such as Băița and Săsar, as well as 

mines considered to have undergone ecological restoration, such as Herja. Additionally, 

the presence of large tracts of contaminated land used for waste disposal exacerbates the 

problem. Key pollution hotspots include the Bozânta tailings pond, Central tailings pond, 

Tăuții de Sus tailings pond, the concentrate depot on Oborului Street, and adjacent areas 

of former industrial facilities like the Central Flotation Plant. 

 

2.1.1. Pollution Challenges in the Bozânta Protected Area 

The Bozânta tailings pond (Figure 2), located just 109 meters from the boundary 

of the protected area (Figure 1), is a major source of contamination. This pond covers 67 

hectares and holds approximately 44 million tons of toxic mining waste.  

The waste materials, ranging from clay-sized particles to sandy fractions, 

contribute to widespread pollutant dispersion. [1]  
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Figure 2. Bozânta Pond 

The accumulated dust on the pond’s surface is toxic, containing crystalline silica 

and heavy metals such as lead (Pb), zinc (Zn), copper (Cu), cadmium (Cd), arsenic (As), 

manganese (Mn), and others. Wind disperses this dust over adjacent lands, while finer 

particles are transported over significant distances, posing a severe threat to the 

environment and public health.[10] 

Acidic water continuously seeps from the pond into the Săsar and Lăpuș rivers. 

Ideally, this water should undergo treatment before discharge, but malfunctioning and 

inactive collection and treatment systems allow pollutants to flow untreated into the 

Lăpuș River. This has long-term consequences, degrading water quality and jeopardizing 

the ecosystems of downstream protected areas. 

 
Figure 3. The raveration phenomenon 

 

From a structural perspective, the Bozânta tailings pond exhibits significant 

physical instability. Materials have been deposited at a slope angle of at least 18°, 

promoting erosion (Figure 3) and the release of materials into nearby watercourses. This 

instability is exacerbated by the absence of functional reverse wells, the last of which 

failed in 2017—just one year after the protected area was designated. This failure 

resulted in the release of an estimated 250,000 m³ of water and flotation tailings, 

including fine particles and inactive sulfides from the pond. Once exposed to 



CUROȘ A., ONICA I., BUD I. 

31 

 

environmental factors, these sulfides become reactive, generating acid drainage and 

contributing to extensive downstream pollution.[11] 

 

2.1.2. Case Study: The Nistru Mine 

The Nistru Mine presents challenges regarding the management and treatment 

of mine water. Although equipped with a treatment plant featuring six basins for 

neutralization, sedimentation, and toxic sludge separation (Figure 4), the system has 

been abandoned. Instead, a rudimentary and ineffective setup using only two plastic 

tanks (Figure 5) is employed. In these tanks, lime milk is prepared and poured directly 

into mine water at the gallery entrance. 

 

The resulting neutralization precipitate is left untreated (Figure 6) and 

discharged directly into local watercourses, bypassing the 2004 Technical Normative for 

waste storage. Polluted waters flow into the Valea Roșie stream, which merges with the 

Băița River and eventually reaches the Lăpuș River (Figure 7). The confluence with the 

Lăpuș River occurs near a protected natural area, amplifying the negative impact on 

aquatic biodiversity and ecosystem quality. The pollution ultimately propagates to the 

Someșul Inferior protected area, highlighting the interconnectedness of these 

ecosystems. 

 

  

Figure 4. The Nistru Mine and the non-

functional treatment plant 

Figure 5. Preparing milk of lime and 

releasing it in the emissary 

 

Figure 6. The precipitate that forms after 

the addition of milk of lime 
Figure 7. The confluence area of the 

Baița river with the Lăpuș river 

located in a protected area 
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This situation demonstrates negligence in implementing environmental 

protection measures and mine water management. The replacement of a comprehensive 

treatment system with an improvised and inefficient process not only fails to address 

pollution but exacerbates it. Toxic metals and precipitates contaminate local and 

protected hydrological networks, endangering flora, fauna, and the health of downstream 

communities.[13] 

 

2.1.3. Case Study: The Săsar Mine 

The Săsar Mine, once benefiting from an economically favorable context due to 

its valuable deposits, was closed without a coherent national strategy for managing 

natural resources. The mine’s closure, similar to other perimeters in the region, led to 

the abandonment of significant ore deposits now exposed to infiltration and erosion 

caused by water. The extracted ore from the Săsar Mine contained substantial quantities 

of gold, silver, sulfur, bismuth, cadmium, antimony, and quartz, highlighting the 

unexploited economic potential.  

After the cessation of mining operations, no water treatment station was 

established at the Săsar Mine to handle acid mine drainage (AMD). Field observations 

indicate that these AMD waters, rich in metallic and mineral pollutants, are discharged 

uncontrolled into the Săsar River (Figure 8). Metallic precipitates form along the 

drainage channels, and during heavy rainfall, these precipitates are washed away into the 

river, amplifying the negative impact on water quality and the surrounding environment 

(Figure 9).[11] 

 

2.1.4. Case Study: The Herja Mine 

The Herja Mine, a significant component of the Maramureș mining basin, 

underwent a decommissioning and ecological restoration project after mining activities 

ceased. The project aimed to minimize environmental impact and place the area under a 

passive conservation regime. However, the implementation of the ecological restoration 

raised persistent technical and environmental issues.[1] 

The project included blocking the Herja tunnel, which connected the Central 

Flotation Plant and the Herja mine, with concrete dams. These dams led to water filling 

the excavated spaces up to the +380m horizon, where the Ioachim coastal gallery and a 

treatment plant were constructed (Figure 10). However, the dam material proved 

Figure 8. Water coming from the 

Săsar mine 

Figure 9. The confluence area of the 

waters from the Săsar mine with the Săsar 

river located in a protected area 
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unsuitable for long-term resistance in aggressive environments characterized by acid 

drainage from reactivated polymetallic sulfides in the excavated spaces. Additionally, 

the area’s fractured, faulted rock structures further destabilized the tunnels and dams 

(Figure 11), allowing uncontrolled discharges into the Săsar River (Figure 12). These 

discharges eventually impact nearby protected areas. [11] 
 

2.1.5. Case Study: Central Tailings Pond and Tăuții de Sus Tailings Pond 

The Central (Figure 13) and Tăuții de Sus (Figure 14) tailings ponds are located 

in urbanized areas with expanding communities. For the Central Tailings Pond, 

Romaltyn Mining S.R.L. holds a license for a project involving the relocation of 

materials to the Aurul tailings pond, followed by the ecological restoration of both sites. 

However, local authorities have blocked the project, leaving associated risks 

unresolved.[14] 

In contrast, while rehabilitation efforts began at Tăuții de Sus, they were 

abandoned at an early stage. The pond’s slope shows significant physical instability, 

while its concave top favors water accumulation, leading to chemical instability due to 

sulfur presence. These sulfurs, in contact with water and atmospheric oxygen, generate 

oxidation reactions that produce acid drainage. Acidic water percolates through the 

pond’s foundation, contaminating groundwater, while the remaining water flows into the 

Săsar River, ultimately impacting the Bozânta and Someșul Inferior protected areas.[15] 

Figure 10. The Herja mine treatment 

plant 
Figure 11. Mine water entering through 

the dike of the Herja tunnel 

 

Figure 12. The confluence of the waters coming from the Herja 

tunnel, the Central Flotation, the Central pond, the Tăuții de Sus pond 
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2.1.6. Case Study: Central Flotation Plant 
This industrial site was managed carelessly and irresponsibly, leaving behind 

considerable quantities of concentrates and ores in various stages of processing – either 

raw or crushed and ground (Figure 15) – which were spread over the entire surface of 

the site. The affected area is extensive, and the land is contaminated with heavy metals. 

In some places, concentrations of heavy metals (such as iron or zinc) exceed legal limits 

by more than 1,000 times, posing a major risk to the environment and public health [11]. 

Also, there are platforms on which significant amounts of ore concentrates were 

deposited and abandoned, the first platform is Flotația Centrală (Figure 16), and the other 

platform is on Oborului street (Figure 17), the concentrates were sold but without solve 

problems of this contaminated area. To date, no adequate measures have been taken to 

isolate or protect these platforms against environmental factors. Contaminated water 

from these land surfaces flows into the river Săsar (Figure 12). [12] 

This situation highlights an acute lack of compliance with environmental 

regulations and a profound negligence in the management of industrial waste. Massive 

heavy metal contamination, such as lead, cadmium and arsenic, endangers local 

ecosystems and can affect the health of nearby communities, exposing them to risks of 

chronic toxicity. 

  

Figure 13. Central Tailing Pond Figure 14. Tăuții de Sus Tailing Pond 

 

Figure 15. Concentrates stored on the 

Central Flotation land  
Figure 16. Mining concentrates stored on the 

surface of the land from Central Flotation 

Figure 17. The area of land on which mining concentrate has been deposited 
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2.2. Someș Inferior natural protected area (ROSCI0436) 

 

The Someșul Inferior site (Figure 18) is classified as a protected natural area of 

community interest under the Natura 2000 network, covering an area of 2,969 hectares. 

Designated in 2016, this site aims to safeguard a unique habitat, 10 species of fish, 2 

species of amphibians, and 1 species of mammal. [8] 

 

 
Figure 18. The protected natural area Someș Inferior (ROSCI0436) and its limits [9] 

 

However, the intensive exploitation of natural resources in the Baia Mare mining 

basin has left behind a severe ecological legacy, characterized by significant quantities 

of hazardous waste and acid mine drainage (AMD). One of the main contributors to 

pollution in this protected area is the Ilba mine, along with all the other sources of 

pollution that flow into the Bozânta protected natural area. [16] 

Despite being equipped with a treatment plant at the Asecare gallery entrance, 

the Ilba mine faces persistent challenges due to malfunctioning water treatment systems 

and the absence of an authorized hazardous waste disposal site. As a result, contaminated 

water is frequently discharged into the Valea Colbului stream (Figure 19) and 

subsequently into the Ilba River. This recurring pollution significantly degrades water 

quality and the surrounding environment, affecting soil, water, fauna, and flora. Over 

time, this situation risks causing irreversible damage to local ecosystems and 

compromising public health. 

Downstream from the Asecare gallery lies the Purcăreț gallery (Figure 20), 

equipped with a reservoir to collect mine water, which is then directed into the Ilba River. 

However, polymetallic sulfides remaining in the excavated spaces of the mines 

reactivate upon exposure to environmental factors, generating the acid mine drainage.  
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These complex chemical processes transform underground and surface waters 

into a "toxic cocktail" containing metals such as lead, cadmium, arsenic, copper, zinc, 

and other hazardous substances. These untreated waters are discharged into the 

downstream ecosystem, eventually impacting the Someșul Inferior protected area 

(Figure 21). [13] 

 
 

 

The ecological impact of this phenomenon is severe, affecting both the biotic 

and abiotic components of the protected site. Aquatic flora and fauna in these ecosystems 

are exposed to high toxicity levels, leading to bioaccumulation that threatens native and 

migratory species alike. Chemical pollutants alter water quality, reduce biodiversity, 

disrupt natural ecological cycles, and impair habitat productivity. [16][17] 

Furthermore, abiotic factors such as soil and sediments are also severely 

impacted. The deposition of metallic precipitates in sediments results in long-term 

substrate contamination, making ecological rehabilitation extremely challenging and 

expensive. Groundwater is at risk of contamination through infiltration, posing 

additional threats to potable water resources for downstream communities. 

 

  

Figure 19. Mine waters leaving the 

treatment plant 

 

Figure 20. The accumulation pool at the 

Purcăreț gallery 

 

Figure 21. The confluence area of the Ilba 

river with the Someș Inferior protected area 
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3. IMPACT OF MINING ON PROTECTED AREAS 

 

The exploitation of mineral resources in the Baia Mare mining basin has caused 

a range of ecological problems, directly impacting the health of the environment and 

protected ecosystems, with significant consequences for the region's natural protected 

areas. The primary cause of acid formation in the context of acid mine drainage is the 

oxidation of sulfide minerals such as pyrite and marcasite. This chemical process 

releases reactive hydrogen ions (H⁺) along with significant amounts of iron and sulfur. 

If the balance between acid production and neutralization capacity, whether natural or 

anthropogenic, is maintained, pollution remains confined to a limited area. However, 

when the acid-generating potential of reactive materials exceeds the neutralizing 

capacity of the environment, acid drainage occurs. This process is characterized by the 

release of acidic compounds into the surroundings, where a highly acidic environment 

increases the solubility of heavy metals [1]. 

Figure 22. Pollution sources of the two protected areas [9] 

 

The pollution sources affecting the Bozânta (ROSCI0302) and Someșul Inferior 

(ROSCI0436) protected areas include the Herja, Săsar, Băița, and Ilba mining 

perimeters, as well as the Bozânta, Central, and Tăuții de Sus tailings ponds, and the 

land used for storing mining concentrates (Figure 22). The primary form of pollution 

from these sources is acid drainage, which has profoundly negative impacts on the 

ecosystems of these protected sites, affecting both biodiversity and the ecological 

balance of the region. The substantial volume of polluted water draining from these 

sources represents a grave issue and a paradox in water resource management: while 

many communities face shortages of potable water—a vital resource—these polluted 

waters are superficially neutralized with lime, without implementing efficient and 

sustainable treatment measures. This practice not only perpetuates pollution but also 

disregards the strategic value of clean water, endangering both protected ecosystems and 

the communities that depend on them.[18] 
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3.1. Heavy Metal Pollution and Water Acidification 
One of the primary effects of mine water on protected areas is contamination 

with heavy metals and water acidification. These waters often exceed permissible levels 

of heavy metals, including polymetallic sulfides, which, when exposed to oxygen and 

water, generate sulfuric acid. This acid reacts with surrounding minerals and rocks, 

dissolving them and releasing heavy metals such as lead, cadmium, arsenic, and copper, 

which accumulate in water and soil. In the case of mine water from unrehabilitated 

mines, acid drainage becomes an ongoing issue, with devastating effects on local flora 

and fauna.[19] 

In protected areas like Someșul Inferior and Bozânta, contaminated waters 

pollute waterways such as the Săsar and Lăpuș rivers, severely affecting water quality. 

The heavy metals in acidic water are not only toxic to aquatic organisms but also have a 

bioaccumulative effect, being absorbed by organisms in the food chain. As a result, 

animals and plants in these ecosystems can accumulate heavy metals in their bodies, 

leading to population declines among protected species and human health risks from the 

consumption of contaminated water and food products. 

 

3.2. Physical Instability of Tailings Ponds and Ecosystem Risks 
Another significant factor contributing to the impact of acid drainage on 

protected areas is the physical instability of tailings ponds and mine waste dumps. In 

addition to the water discharged from the body of these ponds, the material deposited on 

their surface is also released, contributing to the negative impact on the environment. 

For example, the Bozânta tailings pond, located only 109 meters from the boundary of 

the Bozânta protected area, is a major source of ongoing pollution. Deposited on a slope 

with a minimum angle of 18º, the material is unstable and prone to being released into 

the environment through erosion.[20] 

Therefore, the material flows into the Săsar and Lăpuș rivers, contaminating 

downstream water sources and affecting protected ecosystems in these areas. This 

phenomenon not only degrades water quality but also reduces the ability of ecosystems 

to support aquatic life, including rare and protected species. Additionally, the Bozânta, 

Tăuții de Sus, and Central tailings ponds, which contain fine-grained mining waste, 

generate sclerosant dust, with fine particles carried by the wind to adjacent lands. 

 

3.3. Soil Contamination and Biodiversity Risks 
In addition to water impacts, mine water has a negative effect on the soil in 

protected areas. Precipitation formed after pH adjustment and materials transported by 

wind contaminate the soil with heavy metals, altering its structure and fertility. This 

reduces the soil's ability to support vegetation, directly affecting protected plant species 

in these areas. 

The impact on vegetation and wildlife is that soil acidification affects plant 

species sensitive to pH changes, reducing vegetation diversity and destroying habitats 

for various animal species. Furthermore, polluted soil and water create a negative 

interdependence between abiotic factors (water and soil) and biotic factors (flora and 

fauna), with long-term consequences. For example, plants exposed to heavy metals may 
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lack essential nutrients or accumulate toxic substances, affecting herbivores that feed on 

them. 

 

3.4. Public Health Risks 

The contamination of water and soil with heavy metals poses significant risks to 

human health. Residents of affected areas, especially those reliant on natural resources 

for drinking water and agriculture, face risks of heavy metal poisoning. Mine water 

entering rivers that traverse these protected areas may be used by local communities for 

irrigation or even as a source of drinking water, increasing the risk of contamination of 

the food chain and drinking water. 

Public health risks include direct exposure to sclerosant dust and airborne heavy 

metals, leading to respiratory illnesses and other long-term health problems. These risks 

are amplified by the lack of effective waste and mine water management in the region. 

 

3.5. Policy and Governance Challenges 

The impact of mining on protected areas is exacerbated by inadequate policies, 

fragmented governance, and insufficient enforcement of environmental regulations. 

Romania’s environmental regulations, while comprehensive on paper, lack clear 

mechanisms for enforcement and accountability. For instance, Government Decision 

No. 188/2002 declaring Romania a sensitive area has yet to translate into effective 

pollution control measures. The absence of integrated policies for managing mining 

legacies and protected areas leaves a gap in addressing the root causes of ecological 

degradation. 

Although several ecological restoration projects have been initiated, their 

implementation is often hindered by technical shortcomings, limited funding, and 

political obstacles. In cases like Mina Herja, poorly designed restoration measures have 

exacerbated environmental risks instead of mitigating them. 

The overlap of responsibilities between local authorities, national agencies, and 

private stakeholders creates bureaucratic delays and inefficiencies. A lack of 

collaboration undermines efforts to develop holistic solutions, leaving protected areas 

and communities vulnerable to ongoing and future challenges. 

The pollution of protected areas, along with other regions, by heavy metals has 

lasting consequences that inevitably affect human health. Recent studies emphasise the 

significant risks linked to extended exposure to heavy metals, revealing their serious and 

sometimes permanent effects on human health. Extended exposure to these hazardous 

compounds, frequently present in polluted water, soil, and air, has been associated with 

many severe health issues. Concerning consequences include neurological problems 

such as cognitive impairment, developmental delays, and neurodegenerative diseases 

like Alzheimer's and Parkinson's. Moreover, cardiovascular health can be substantially 

affected by exposure to heavy metals. Research indicates that metals like arsenic and 

cadmium correlate with hypertension, atherosclerosis, and an elevated risk of myocardial 

infarction and cerebrovascular accident. The consequences are believed to stem from 

oxidative stress and inflammation caused by metal accumulation in vascular tissues, 

resulting in the gradual decline of cardiovascular function. Carcinogenic metals, 

including chromium, nickel, and arsenic, disrupt DNA repair processes and provoke 
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genetic changes, facilitating the proliferation of malignant cells. The International 

Agency for Research on Cancer (IARC) has designated certain heavy metals as category 

1 carcinogens, underscoring their capacity to induce substantial harm.[21][22] 

 

4. CONCLUSIONS 

This situation highlights the absence of essential post-closure measures needed 

to prevent and mitigate pollution effects resulting from mining activities. It also reflects 

poor management of closed mining perimeters, exacerbating environmental degradation, 

increasing public health risks, and deteriorating local ecosystems. The issue of 

underground cavity collapses emphasizes the need for appropriate backfill materials with 

chemical buffering properties capable of limiting pollutant reactions. 

Adopting a coherent environmental policy and initiating rehabilitation projects 

are imperative to halt further environmental degradation and harness the economic and 

ecological potential of the region. Utilizing inert materials from waste heaps or tailings 

ponds, mixed with zeolite, could significantly contribute to stabilizing mining voids, 

provided that residual minerals are first recovered from these materials. 

In light of rising metal prices, a detailed analysis of the feasibility of reopening 

and recovering abandoned mineral resources, both below and above the base level, is 

necessary. After extraction, the resulting spaces could be effectively backfilled, 

contributing to the structural stability of the subsurface and freeing up significant land 

areas in the Baia Mare metropolitan zone. These measures would not only mitigate risks 

associated with mining voids and pollution but also support the region's sustainable 

development, integrating resource recovery with environmental and community 

protection. 
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Abstract: The study investigates the structural stability of the separating pillar between Mina 

Unirea and Mina Victoria and the galleries on Horizon XIV in the Cantacuzino Mine at Salina 

Slănic Prahova, Romania. Utilizing advanced ground-penetrating radar (GPR) techniques, the 

research identifies significant structural discontinuities, including anomalies and faults, that 

impact the integrity of underground salt mining operations. The geological and tectonic analysis 

highlights the complex formation processes and structural deformations influencing the area, 

with critical sections exhibiting thickness variations and fault orientations aligned with regional 

tectonic forces. Key findings emphasize the need for continuous monitoring, further geophysical 

investigations validation, and tailored consolidation measures to mitigate instability risks and 

ensure long-term operational safety. The conclusions provide essential insights for optimizing 

exploitation processes and guiding structural interventions to prevent potential collapses. 

 

Key words: Ground-Penetrating Radar (GPR), Structural Stability, Structural Stability, Salina 

Slănic Prahova, Faults and Anomalies, Salt Deposit, Structural Monitoring, Consolidation 

Measures 

 

 

1. INTRODUCTION 

 

Salina Slănic Prahova is one of the most important salt mining sites in Romania, 

with a long history of exploitation and significant geological potential. Due to tectonic 

activity and natural processes, the underground structure of the salt mine has experienced 

deformations that require constant monitoring to prevent risks associated with collapses 

or structural instabilities. 

This study was conducted to assess the stability of the separating pillar between 

Mina Unirea and Mina Victoria and to analyze the cracks and fractures in the ceilings of 

the galleries on Horizon XIV of the Cantacuzino Mine. These investigations were carried 

out using advanced ground-penetrating radar (GPR) techniques to identify structural 

discontinuities and areas of instability (Geophysical GPR study of the Unirea Mine pillar 

and Horizon XIV galleries, Cantacuzino Mine, Salina Slănic Prahova). 

Geology and Tectonogenesis of the Salt Deposit in Slănic Prahova 

The salt deposit in Slănic Prahova is one of Romania's most significant salt 

reserves, with a complex geological origin. The formation of this deposit is closely 

                                                 
1 PhD. Student Eng., UNIVERSITY OF PETROSANI 
2 Assoc.Prof.PhD.Habil.Eng., UNIVERSITY OF PETROSANI 
3 Prof.PhD.Habil.Eng., UNIVERSITY OF PETROSANI 



Study of the Pillars in the Vicinity of the Victoria Mine - Slănic Prahova Saline, by Using the 

Geophysical Ground Penetrating Radar  

43 

 

linked to the tectonic evolution of the sedimentary basins in the Eastern Carpathians, 

where subsidence and salt accumulation occurred in evaporite environments. 

Stratigraphy and Mineralogical Composition 

The Slănic salt deposit belongs to the Miocene salt formation, specifically from 

the Upper Tortonian. The salt deposits were formed through the intense evaporation of 

lagoonal basins, leading to the precipitation of salt (NaCl) alongside other minerals such 

as calcium sulfates (CaSO₄), dolomite, and small amounts of marly clay [5]. The deposit 

primarily consists of layers of white, pure salt interspersed with dark gray salt layers 

containing clayey impurities (marls). These impurities, of terrigenous origin, reflect 

climatic and depositional environment variations. 

The salt layer has considerable thickness and exhibits a relatively uniform 

structure in the mining area but with noticeable deformations in certain areas caused by 

tectonic processes. 

Tectonogenesis and Structural Deformations 

The salt deposits in the Slănic Prahova region have been affected by numerous 

tectonic episodes characterized by folds and faults that initially deformed the horizontal 

salt layers. Particularly during the Late Neogene period, the region underwent tectonic 

compression that led to the uplift and folding of sedimentary layers. These tectonic 

deformations resulted in major fold and fault structures, observable in the structural 

profile of the salt and highlighted by GPR investigations conducted at Salina Slănic 

(Geophysical GPR study of the Unirea Mine pillar and Horizon XIV galleries, 

Cantacuzino Mine, Salina Slănic Prahova). 

The most common tectonic structures in this deposit are folds and reverse faults. 

Faults predominantly run in the east-west direction, aligned with the general orientation 

of the tectonic forces in the area. These structural discontinuities are observable both in 

Mina Unirea and Horizon XIV. For example, Fault 7, identified in the GPR study, 

reflects a major tectonic discontinuity with a variable depth of up to 43 meters, indicating 

significant tectonic movements in this area [5]. 

The fold and fault structures have influenced the overall stability of the deposit, 

with major instability risks in areas affected by these discontinuities. Folds observed in 

the pillars and galleries of the mine often have significant heights, reflecting the tectonic 

stresses acting on this massive salt body. 

 

2. GEOPHYSICAL METHOD 

 

2.1. Georadar method. Equipment Used 

 

For this study, the Zond 12-3 Advanced GPR system was used, compliant with 

ASTM D6432-99 (2011) standards [1]. The system can record high-resolution data using 

a central frequency antenna of 300 MHz. The equipment features include: 

 Time window: 1 - 2000 ns. 

 Scanning rate: 320 scans/second. 

 Measurements per second: 128/256/512/1024 x 16 bits. 

 Selectable signal optimization filters: Weak, Strong, Super Strong. 
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Additionally, the Leica FlexLine TS07 total station was used for topographic 

measurements, enabling precise positioning of GPR profiles in the Stereo 70 coordinate 

system. The total station was essential for georeferencing the GPR profiles and 

measuring distances and angles (Geophysical GPR study of the Unirea Mine pillar and 

Horizon XIV galleries, Cantacuzino Mine, Salina Slănic Prahova). 

 

2.2. Measurement Procedure 

 

GPR measurements were conducted between September 1 and 6, 2024. For the 

pillar in Mina Unirea, data acquisition was performed vertically, using a team of 

industrial climbers who descended via rappelling to 3 meters above the mine’s base level 

(Figures 1 and 2). In the case of Horizon XIV, measurements were taken on the ceilings 

of the galleries using a 300 MHz antenna mounted on a motorized platform (Figure 3) 

to ensure maximum proximity to the gallery ceilings (Geophysical GPR study of the 

Unirea Mine pillar and Horizon XIV galleries, Cantacuzino Mine, Salina Slănic 

Prahova). 

 

    
Figure 1. Image of the massive pillar between the Unirea and Victoria mines 
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Figure 2. Acquisition of GPR measurements with the antenna attached during rappelling 

 

    
Figure 3. GPR measurements with the antenna mounted on the motorized platform 

 

Data was continuously acquired along profiles 30 meters in length and 

subsequently processed using Geolitix software to generate longitudinal and transverse 

sections. These sections were used to evaluate the pillar’s thickness, the structural 

integrity of the ceilings, and potential instability risks [2]. 
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2.3. Applied Standards 

 

The geophysical measurements adhered to international standards ASTM 

D6429-99 and ASTM D6432-99, which provide guidelines for selecting and using 

geophysical methods for subsurface investigations [1]. Applying these standards ensures 

the accuracy and reproducibility of results, enabling the identification of structural 

discontinuities and risk areas. 

 

3. RESULTS 

 

3.1. Unirea Mine Pillar 

 

Mina Victoria, located north of Mina Unirea, is separated from it by a massive 

pillar between 35-50 meters thickness. Previously, Mina Victoria was flooded with 

meteoric water, which could have caused dissolutions in the salt massif or affected the 

strength of mining works. The purpose of the GPR measurements was to identify any 

discontinuities within the separating pillar. 

The equipment was set to measure with 1024 pulses/trace, using a measurement 

window of 1047 ns and a dielectric constant of 6. The salt massif where measurements 

were conducted is dry, with a clay content of less than 2-3%, allowing for excellent radar 

wave transmission through this rock. 

To identify discontinuities in the pillar, 22 vertical GPR profiles were measured, 

with data acquisition performed from top to bottom (placement plan in  Fig. 4). Profiles 

were measured by descending, using a GPR antenna applied directly to the pillar wall. 

The GPR measurement results were georeferenced, processed, and interpreted, 

leading to the creation of a map showing variations in the pillar’s thickness. Following 

the interpretation, a detailed map of these variations was obtained, based on which 

several longitudinal and transverse sections were generated. 

The GPR results for the pillar separating Mina Unirea from Mina Victoria 

revealed significant variations in its thickness, potentially influencing medium- and 

long-term structural stability. Longitudinal sections A-A’ and B-B’ (detailed in Fig. 5) 

were crucial in determining these variations: 

Longitudinal section A-A’: The pillar thickness varies between 35 and 50 

meters, with a gradual increase from 35 meters to 50 meters over a distance of 190 

meters. This variation indicates a significant accumulation of material in certain areas, 

suggesting a relatively stable structure in most studied portions. 

Longitudinal section B-B’: Thickness varies between 40 and 50 meters, with a 

distribution similar to that observed in section A-A’. In both sections, areas with material 

accumulations indicate medium-term structural stability (Geophysical GPR study of the 

Unirea Mine pillar and Horizon XIV galleries, Cantacuzino Mine, Salina Slănic 

Prahova). 

The transverse sections confirmed the thickness variations of the pillar (detailed 

in Fig. 6): 

Section E-E': Thickness variation of 10 meters, suggesting potential structural 

instability risks in the 20-meter zone of the profile. 
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Other sections, such as G-G', showed minimal variations, indicating relative 

stability of the pillar in these areas (Geophysical GPR study of the Unirea Mine pillar 

and Horizon XIV galleries, Cantacuzino Mine, Salina Slănic Prahova). 

The zone with abrupt thickness variations highlighted in transverse section E-E' 

shows significant thickness changes above the base of Mina Victoria. This suggests a 

zone affected by dissolutions or collapses of the pillar. 

 

3.2. Horizon XIV 

 

Horizon XIV of the salt exploitation was opened relatively recently. It is 

currently located beneath Mina Unirea, with a floor thickness of approximately 40 

meters separating them. Following previous prospecting works, structural discontinuities 

and faults intersecting the gallery routes of Horizon XIV from Mina Unirea were 

identified. Thus, the planned GPR measurements were conducted on the ceilings of 

existing galleries using a motorized platform. The 300 MHz GPR antenna used was fixed 

on the platform at a distance of approximately 0.50 meters from the gallery ceilings, and 

measurements were conducted continuously at an advancement speed of 2-3 km/h. The 

equipment was set to measure with 1024 pulses/trace, using a measurement window of 

1045 ns and a dielectric constant of 6. The salt massif where measurements were 

conducted is dry, with a clay content of less than 2-3%, allowing for excellent radar wave 

transmission through this rock. 

The GPR measurements conducted on the ceilings of the galleries at Horizon 

XIV identified structural discontinuities. These discontinuities represent potential long-

term instability risks, particularly in active exploitation front areas. 

Among the most important anomalies and faults identified were: 

Anomaly 1 (Fig. 7): 

Orientation: East – West 

Intersection zone: The anomaly's apex is located in the O7 – O8 pillars area. 

Maximum depth: Traced to a depth of 42-43 meters. 

Observations: Anomaly 1 is one of the major structural discontinuities in 

Horizon XIV, oriented east-west, potentially affecting the stability of pillars and the 

gallery ceiling structure in this area. Long-term risks associated with this anomaly 

include potential crack propagation towards Mina Victoria. 

Anomaly 2 (Fig. 8): 

Orientation: East – West 

Intersection zone: The anomaly's apex is in the K8 – M8 pillars area. 

Maximum depth: The anomaly was traced to a depth of 37-38 meters. 

Observations: This anomaly shows a moderate-depth discontinuity. Its east-west 

orientation is similar to Anomaly 1, and its potential for structural instability must be 

monitored over time, given its proximity to Mina Victoria and other important 

underground structures. 

Anomaly 3: 

Orientation: East – West 

Intersection zone: The anomaly's apex is in the K8 – M7 pillars area. 

Maximum depth: Traced to a depth of 39-40 meters. 



POPESCU L., MARIAN D.P., ONICA I. 

48 

 

Observations: Anomaly 3 is one of the most significant discontinuities in 

Horizon XIV, with considerable depth. Over time, it could generate cracks in the gallery 

and pillar structures of Mina Victoria, amplifying instability risks. 

Fault 4 (Fig. 9): 

Orientation: North – South 

Intersection zone: The fault's apex is in the K10 – K11 pillars area. 

Maximum depth: Traced to a depth of 36-37 meters. 

Observations: Unlike the other faults, Fault 4 has a north-south orientation, 

making it distinct in the overall structure. This fault could influence crack propagation 

in other directions over time, requiring special attention for potential consolidation 

works. 

Fault 7 (Fig. 10): 

Orientation: East – West 

Intersection zone: The fault's apex is located in the I8 – I9 pillars area. 

Maximum depth: Traced to a depth between 35 and 43 meters. 

Observations: Fault 7 exhibits significant depth variation (35 to 43 meters), 

indicating a complex and potentially unstable structure in certain points. Over time, this 

fault could influence the structural integrity of the galleries and ceilings, necessitating 

careful monitoring. 

Anomaly 8: 

Orientation: East – West 

Intersection Zone: The apex of the anomaly is located in the I8 – K10 pillars 

area. 

Maximum Depth: The anomaly was tracked to a depth of 35-36 meters. 

Observations: This is a relatively shallow anomaly compared to others, but it 

can still affect the underground structures in the I8 – K10 pillar area over time. The small 

depth variation suggests a more uniform discontinuity, but with a localized potential risk 

of instability. 

Fault 10: 

Orientation: East – West 

Intersection Zone: The apex of the fault is located in the K12 – J12 pillars area. 

Maximum Depth: The fault was tracked to a depth of 31-32 meters. 

Observations: Fault 10 has a relatively shallow depth, which may indicate lower 

risks compared to others. However, its proximity to important pillars in Mina Victoria 

suggests it should be closely monitored, as even a small discontinuity can cause cracks 

in structures. 

Anomaly 29: 

Orientation: South – North 

Intersection Zone: The apex of the anomaly is located in the L5 – J8 pillars area. 

Maximum Depth: The anomaly was tracked to a depth of 33-40 meters. 

Observations: Anomaly 29 is one of the deepest anomalies in Horizon XIV, 

oriented south-north. Over time, it presents significant structural instability risks in the 

L5 – J8 pillar area, where the depth variation is considerable. 

All structural anomalies identified in Horizon XIV present potential structural 

risks, being located in critical areas that could affect the stability of the galleries and 
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pillars in Mina Victoria over time. The varying orientation and depth of these anomalies 

indicate a complex geological structure with discontinuities that could lead to crack 

propagation, generating instabilities over time, particularly after the exploitation of 

Horizon XIV. 

 

4. DISCUSSIONS 

 

The interpretation of the ground-penetrating radar data highlighted several 

critical aspects regarding the stability of the underground structure at Salina Slănic 

Prahova. In both studied areas—the pillar between Mina Unirea and Mina Victoria, as 

well as the galleries of Horizon XIV in the Cantacuzino Mine—structural discontinuities 

were identified that require long-term monitoring and interventions [3]. 

The Pillar of Mina Unirea 

The thickness variations identified in the longitudinal and transverse sections of 

the pillar suggest a structure that is largely stable; however, critical points exist. Section 

E-E' showed a thickness variation of up to 10 meters, indicating a potential instability 

zone. These variations may be caused by material accumulations in certain areas or by 

tectonic factors that have led to the compaction or dilation of the salt [4]. 

The risk of structural instability in the Mina Unirea pillar is significantly higher 

in areas with large thickness variations, where internal stresses can lead to collapses or 

cracking under extreme conditions. It is essential that these zones be periodically 

monitored, and, in the event of further degradation, consolidation measures should be 

implemented (Geophysical GPR study of the Unirea Mine pillar and Horizon XIV 

galleries, Cantacuzino Mine, Salina Slănic Prahova). 

Horizon XIV 

The results obtained for Horizon XIV revealed several anomalies and faults, 

many of which have east-west orientations, reflecting the primary direction of the 

tectonic forces that have impacted the area [5]. The identified anomalies, such as 

Anomaly 1 and Fault 7, represent major structural discontinuities that can affect the 

stability of the galleries. The primary risk is the propagation of cracks, which can lead 

to localized collapses in active exploitation areas (Geophysical GPR study of the Unirea 

Mine pillar and Horizon XIV galleries, Cantacuzino Mine, Salina Slănic Prahova). 

Implications for the Future 

Continuous monitoring of these structures is essential for assessing long-term 

instability risks. The use of additional geophysical investigation methods, such as 

seismic tomography, is recommended to validate the obtained results and to better 

evaluate the behavior of the salt structure at depth [2]. Additionally, further salt 

exploitation should be carried out carefully to avoid overloading structures already 

affected by fractures and faults. 

 

5. CONCLUSIONS 

 

Stability of the Mina Unirea Pillar: 

The ground-penetrating radar study revealed variations in the thickness of the 

pillar ranging from 35 to 50 meters, with most areas showing relatively good stability. 
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However, critical sections, such as E-E', suggest the presence of potentially unstable 

zones that require constant monitoring. 

Thickness variations may be associated with both material accumulations and 

tectonic factors, indicating the need for further studies to determine the exact causes. 

Structural Risks in Horizon XIV: 

The GPR analysis identified major anomalies and faults, such as Fault 7 and 

Anomaly 1, which can affect gallery stability. These discontinuities, predominantly 

oriented east-west, align with the primary direction of tectonic forces in the area. 

The propagation of cracks and discontinuities could significantly impact the 

safety of operations, necessitating the implementation of preventive measures and 

specific reinforcements in vulnerable areas. 

The Need for Continuous Monitoring: 

Long-term monitoring of the pillar and galleries in Horizon XIV is essential to 

prevent collapses and structural instabilities. This should be carried out using modern 

investigation methods, such as seismic tomography and 3D analysis of GPR data. 

Additional studies should include periodic assessments of the evolution of 

discontinuities to identify critical zones in time and minimize risks. 

The Importance of Implementing Consolidation Measures: 

In areas with abrupt thickness variations and identified instability, such as 

section E-E', immediate consolidation measures are crucial to prevent the collapse of 

underground structures. 

Consolidation technologies must be tailored to the structural characteristics of 

the salt deposit to ensure safe long-term exploitation. 

Study Contributions: 

This study provides a solid foundation for evaluating the structural risks 

associated with the pillar between Mina Unirea and Mina Victoria, as well as the 

galleries of Horizon XIV. 

The data and conclusions obtained contribute to optimizing the exploitation 

process and reducing risks, being relevant both for specialists and decision-makers 

involved in managing mining operations. 

 

    
Figure 4. The map of the pillar thickness toward the Victoria mine 
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Figure 5. Longitudinal section at the base of the pillar towards the Victoria mine 

 

    
Figure 6. Longitudinal section at the base of the pillar towards the Victoria mine 
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Figure 7. Annomaly 1 of the Horizont XIV 

 

    
Figure 8. Annomaly 2 of the Horizont XIV 

 

    
Figure 9. Fault 4 of the Horizont XIV 
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Figure 10. Fault 7 of the Horizont XIV 

 

7. REFERENCES 

 
[1] ASTM International. (2011). ASTM D6432-99 (2011) - Standard Guide for Using the Surface 

Ground Penetrating Radar Method for Subsurface Investigation. 

[2] ASTM International. (1999). ASTM D6429-99 - Standard Guide for Selecting Surface 

Geophysical Methods. 

Jol, H. M. (Ed.). (2009). Ground Penetrating Radar Theory and Applications. Elsevier. 

[3] Benson, R. C., & Yuhr, L. (2002). Geophysical Methods for Monitoring Ground Stability in 

Underground Mines. Proceedings of the 19th Symposium on the Application of Geophysics to 

Engineering and Environmental Problems (SAGEEP). 

[4] Maerz, N. H., & Franklin, J. A. (1996). Rock Slope Stability and Ground Control. 

International Journal of Rock Mechanics and Mining Sciences & Geomechanics Abstracts, 33(1), 

123-130. 

[5] Onica I. Universitatea din Petrosani, Teza de abilitare, „Contribuţii la modelarea şi analiza 

stabilităţii terenurilor aflate sub influenţa excavaţiilor miniere subterane şi perfecţionarea 

sistemelor de exploatare a zăcămintelor de substanţe minerale utile”, Universitatea din Petrosani, 

2016. 

[6] Pavlides, S., & Caputo, R. (2004). Fault-related Folds and Fold-related Faults: Emphasizing 

the Role of Faults in Geological Studies. Journal of Structural Geology, 26(6), 997-1007. 

[7] Gandhi, S.M., & Sarkar, B.C. (2016). Essentials of Mineral Exploration and Evaluation. 

Elsevier. 

[8] Reddy, A. Subjender. Geophysical Survey for Subsurface Investigation. Part 1: Engineering 

Applications. GeoSolution India. 

[9] Watson, K., Fitterman, D., Saltus, R.W., McCafferty, A., Swayze, G., Church, S., Smith, K., 

Goldhaber, M., Robson, S., & McMahon, P. (2001). Application of Geophysical Techniques to 

Minerals-Related Environmental Problems. U.S. Geological Survey. 

[10] Hoover, D.B., Klein, D.P., & Campbell, D.C. Geophysical Methods in Exploration and 

Mineral Environmental Investigations. 



Annals of the University of Petrosani, Mining Engineering, 25 (2024) 

54 

 

STUDY OF CONSTRUCTIVE IMPROVEMENT AT THE 
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Abstract: Coal mining in quarries was used only at the beginning of the 20th century, it 

developed very quickly, with the improvement of excavators and appropriate transport systems. 

The boom lifting mechanism with the bucket wheel is placed on the counterweight box at the end 

of the balancing boom and allows the boom to be raised or lowered vertically, depending on the 

operating needs. 
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1. INTRODUCTION 

 

Coal mining in quarries was used only at the beginning of the 20th century, it 

developed very quickly, with the improvement of excavators and appropriate transport 

systems, so that in 1950 48% of the world's production of useful mineral substances was 

extracted from quarries, in 1970 this percentage increased to 75%. Currently, over 90% 

of the world's production of brown coal and lignite is extracted from quarries. 

At the current stage, there is a transition from the extensive use of coal mining 

equipment to the intensive one, which leads to an increase in production not only 

through investments, but especially by increasing the utilization rates of installations 

and equipment. 

At the global level, two types of lifting - lowering mechanisms of the arm of 

rotor excavators are currently used: 

- hydraulic lifting - lowering mechanism with linear hydraulic power motors; 

- lifting mechanism - lowering with mechanical winch, pulleys and cables. 

The mechanism with winch, pulleys and metal cables is the most used. 

Figure 1 shows an overview of the EsRc-1400 excavator in which the lifting 

mechanism and the related metal structure can be highlighted. [1] 

The boom lifting mechanism with the bucket wheel is placed on the 

counterweight box at the end of the balancing boom and allows the boom to be raised or 

lowered vertically, depending on the operating needs. 

The upper platform of the excavator is located above the base chassis and can 

rotate relative to it by means of the support and rotation bearing, Ø 8650 mm, with a 

toothed crown. 

 

                                                 
1 Assoc. Prof. Eng., Ph.D. University of Petroșani, bogdancozma@upet.ro 
2 Assoc. Prof. Eng., Ph.D. University of Petroșani, vladflorea@upet.ro 

mailto:bogdancozma@upet.ro








































































































https://doi.org/10.1007/978-3-030-93193-3


















































https://doi.org/10.3390/app132011480
https://civilenglineering.files.wordpress.com/2014/10/rock_slope_engineering_civil_and_mining.pdf
https://civilenglineering.files.wordpress.com/2014/10/rock_slope_engineering_civil_and_mining.pdf


https://doi.org/10.5897/JGMR.9000067
https://doi.org/10.22044/jme.2018.7149.1562
https://doi.org/10.1016/j.enggeo.2021.106480
https://doi.org/10.5281/zenodo.6542752
https://doi.org/10.4028/www.scientific.net/AMR.1010-1012.1544
https://silo.tips/download/bucket-wheel-excavators-past-to-present-experiences-in-safety-operation
https://silo.tips/download/bucket-wheel-excavators-past-to-present-experiences-in-safety-operation
https://doi.org/10.1016/j.engfailanal.2015.01.002
https://www.lap-publishing.com/catalog/details/store/gb/book/978-620-5-52831-0/land-stability-in-the-influence-areas-of-lignite-open-pits?search=Faur
https://www.lap-publishing.com/catalog/details/store/gb/book/978-620-5-52831-0/land-stability-in-the-influence-areas-of-lignite-open-pits?search=Faur
https://www.lap-publishing.com/catalog/details/store/gb/book/978-620-5-52831-0/land-stability-in-the-influence-areas-of-lignite-open-pits?search=Faur
https://doi.org/10.1016/j.enggeo.2008.11.008
https://doi.org/10.1201/9781315375007


https://doi.org/10.1201/b21520-233
https://doi.org/10.5281/zenodo.821031
https://doi.org/10.1016/j.geomorph.2018.08.006
https://doi.org/10.3389/feart.2022.1038499
https://doi.org/10.3390/su16041384
https://doi.org/10.1016/j.soildyn.2022.107451
https://doi.org/10.1016/S0267-7261(99)00012-3
https://doi.org/10.1016/S0267-7261(99)00012-3
https://api.semanticscholar.org/CorpusID:110240632
https://repository.mines.edu/handle/11124/170619
http://dx.doi.org/10.2478/minrv-2023-0019
https://sciendo.com/article/10.2478/minrv-2023-0019


http://dx.doi.org/10.2478/minrv-2023-0029
https://sciendo.com/article/10.2478/minrv-2023-0029
https://doi.org/10.3390/su15097606
http://www.rocscience.com/
https://www.encipedia.org/articole/proiectare/resurse-utile/harti-de-zonare/harta-de-zonare-seismica-din-p100-1-2013.html
https://www.encipedia.org/articole/proiectare/resurse-utile/harti-de-zonare/harta-de-zonare-seismica-din-p100-1-2013.html
https://doi.org/10.5281/zenodo.7660074
https://www.gorjonline.ro/exclusiv-parerea-specialistilor-dupa-seismele-din-gorj-ne-putem-astepta-la-un-cutremur-de-65-pe-scara-richter/
https://www.gorjonline.ro/exclusiv-parerea-specialistilor-dupa-seismele-din-gorj-ne-putem-astepta-la-un-cutremur-de-65-pe-scara-richter/
https://www.cnki.net/kcms/doi/10.16285/j.rsm.2015.05.027.html
https://doi.org/10.1007/s00603-020-02109-z
http://www.mtkxjs.com.cn/en/article/doi/10.13199/j.cnki.cst.2023-0621
https://doi.org/10.21817/ijet/2016/v8i5/160805061


https://doi.org/10.1038/s41598-020-61301-x
https://doi.org/10.3390/en15218311
https://doi.org/10.1016/j.compgeo.2023.105799
https://doi.org/10.2991/978-94-6463-258-3_50
https://encompassmining.com/wp-content/uploads/2023/06/Revolutionizing-Open-Cut-Coal-Mine-Slope-Stability-Assessment-with-3D-Modelling_McQuillan-Guy-GG.pdf
https://encompassmining.com/wp-content/uploads/2023/06/Revolutionizing-Open-Cut-Coal-Mine-Slope-Stability-Assessment-with-3D-Modelling_McQuillan-Guy-GG.pdf
https://doi.org/10.1108/EC-03-2023-0128
https://doi.org/10.2991/978-94-6463-258-3_73
https://doi.org/10.3390/min13030402
https://doi.org/10.1007/s10346-023-02136-1
https://caod.oriprobe.com/articles/5692393/APPLICATION_OF_ROSENBLUETH_MOMENT_ESTIMATION_METHOD_INTO_PROBABILISTIC.htm
https://caod.oriprobe.com/articles/5692393/APPLICATION_OF_ROSENBLUETH_MOMENT_ESTIMATION_METHOD_INTO_PROBABILISTIC.htm
https://doi.org/10.3390/su152115260
https://doi.org/10.1007/s10706-023-02541-2
https://doi.org/10.1007/978-981-99-6294-5_5
https://doi.org/10.3390/min13111401


https://doi.org/10.3390/mining3040041
















http://www.upet.ro/annals/mining/






































https://doi.org/10.1016/j.heliyon.2020.e05090


https://doi.org/10.17930/AGL202212
http://dx.doi.org/10.15666/aeer/2106_59615975
https://doi.org/10.3390/su7032322
https://doi.org/10.1016/j.ecolind.2014.09.004
https://doi.org/10.1063/5.0210374
https://doi.org/10.1097/SS.0000000000000135
https://doi.org/10.1002/jpln.202100063
https://managementjournal.usamv.ro/pdf/vol.22_1/Art49.pdf
https://doi.org/10.1080/23311932.2019.1600460
https://doi.org/10.1016/j.ecolmodel.2020.109312
https://doi.org/10.1177/1018529120050105
https://doi.org/10.1016/j.ecolind.2022.108974
https://rjas.ro/paper_detail/3669


https://doi.org/10.1016/j.scitotenv.2021.150718








https://mfe.gov.ro/wp-content/uploads/2024/01/f4c8fdf895c7bafc864a9330da77cb53.pdf
https://bankwatch.org/wp-content/uploads/2023/12/2023_12_Following-the-Money_Romania.pdf
https://bankwatch.org/wp-content/uploads/2023/12/2023_12_Following-the-Money_Romania.pdf












https://ieecp.org/projects/justem/
https://ieecp.org/wp-content/uploads/2024/06/JUSTEM-Policy-brief.pdf
https://zenodo.org/records/10057284
https://mfe.gov.ro/wp-content/uploads/2024/01/f4c8fdf895c7bafc864a9330da77cb53.pdf
https://mfe.gov.ro/wp-content/uploads/2024/01/f4c8fdf895c7bafc864a9330da77cb53.pdf
https://bankwatch.org/wp-content/uploads/2023/12/2023_12_Following-the-Money_Romania.pdf
https://bankwatch.org/wp-content/uploads/2023/12/2023_12_Following-the-Money_Romania.pdf
https://tracer-h2020.eu/
https://energy.ec.europa.eu/topics/carbon-management-and-fossil-fuels/eu-coal-regions-transition_en
https://energy.ec.europa.eu/topics/carbon-management-and-fossil-fuels/eu-coal-regions-transition_en
https://ec.europa.eu/regional_policy/funding/just-transition-fund/just-transition-platform/supportground_en
https://ec.europa.eu/regional_policy/funding/just-transition-fund/just-transition-platform/supportground_en
https://ieecp.org/projects/justem/
https://www.valeajiului.eu/oportunitati
https://adrvest.ro/proiecte-in-valoare-totala-de-aproape-22-miliarde-de-lei-depuse-in-cadrul-apelului-rezervat-imm-urilor-din-judetul-hunedoara-prin-programul-tranzitie-justa/
https://adrvest.ro/proiecte-in-valoare-totala-de-aproape-22-miliarde-de-lei-depuse-in-cadrul-apelului-rezervat-imm-urilor-din-judetul-hunedoara-prin-programul-tranzitie-justa/
https://adrvest.ro/proiecte-in-valoare-totala-de-aproape-22-miliarde-de-lei-depuse-in-cadrul-apelului-rezervat-imm-urilor-din-judetul-hunedoara-prin-programul-tranzitie-justa/
https://ec.europa.eu/regional_policy/sources/policy/how/improving-investment/factsheet_oecd_synthesis_report_ro.pdf
https://ec.europa.eu/regional_policy/sources/policy/how/improving-investment/factsheet_oecd_synthesis_report_ro.pdf


https://doi.org/10.3390/admsci14020030
http://doi.org/10.21272/bel.6(2).103-115.202
http://dx.doi.org/10.21511/imfi.16(2).2019.11










































http://www.planning.nsw.gov.au/














https://www.gartner.com/en/information
http://www.dijitaldonusumdergisi.com/dijitaldonusum-nedir/
https://assets.kpmg.com/content/dam/kpmg/tr/pdf/2021/04/dijitallesme-yolunda-turkiye-raporu-2021.pdf
https://assets.kpmg.com/content/dam/kpmg/tr/pdf/2021/04/dijitallesme-yolunda-turkiye-raporu-2021.pdf
https://www.linkedin.com/pulse/isg-40-dijital-çözümleri-mert-uzun


https://www.forbes.com/sites/jasonbloomberg/2018/04/29/digitization-digitalization-and-digital-transformation-confuse-them-at-your-peril/#3f4222a72f2c
https://www.forbes.com/sites/jasonbloomberg/2018/04/29/digitization-digitalization-and-digital-transformation-confuse-them-at-your-peril/#3f4222a72f2c
































































https://en.wikipedia.org/wiki/BSI_Group
https://ro.wikipedia.org/wiki/Asocia%C8%9Bia_de_Standardizare_din_Rom%C3%A2nia
https://ro.wikipedia.org/wiki/Asocia%C8%9Bia_de_Standardizare_din_Rom%C3%A2nia
https://www.asro.ro/
https://www.cencenelec.eu/
https://www.etsi.org/
https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX%3A32014L0034


https://webgate.ec.europa.eu/single-market-compliance-space/#/notified-bodies/notifications?organizationRefeCd=NANDO_INPUT_112103&filter=notificationStatusId:1
https://webgate.ec.europa.eu/single-market-compliance-space/#/notified-bodies/notifications?organizationRefeCd=NANDO_INPUT_112103&filter=notificationStatusId:1
https://webgate.ec.europa.eu/single-market-compliance-space/#/notified-bodies/notifications?organizationRefeCd=NANDO_INPUT_112103&filter=notificationStatusId:1
https://iec.ch/homepage
https://www.iso.org/home.html
https://www.cencenelec.eu/about-cen/cen-and-iso-cooperation/
































































































































https://doi.org/10.2478/minrv-2024-0006




















https://doi.org/10.1051/matecconf/202438900078
https://doi.org/10.1007/BF02528377
https://doi.org/10.3390/automation5030015






































https://doi.org/10.1051/matecconf/202030500013
https://doi.org/10.1051/matecconf/202438900075
https://doi.org/10.1051/matecconf/202237300043
https://doi.org/10.1051/matecconf/202438900072
https://doi.org/10.1051/matecconf/202134201004






















https://www.h2-view.com/story/hydrogen-blends-of-25-feasible-and-cost-competitive-for-gas-peaking-plants/2090432.article/
https://www.h2-view.com/story/hydrogen-blends-of-25-feasible-and-cost-competitive-for-gas-peaking-plants/2090432.article/
https://www.lazard.com/media/5amjxc3g/lazards-lcoeplus-april-2023.pdf
https://www.mmediu.ro/app/webroot/uploads/files/Strategia%20Rom%C3%A2niei%20pentru%20hidrogen.pdf
https://www.mmediu.ro/app/webroot/uploads/files/Strategia%20Rom%C3%A2niei%20pentru%20hidrogen.pdf
https://www.eugine.eu/h2-ready/new-plants/
https://www.eugine.eu/h2-ready/new-plants/


https://www.entsog.eu/sites/default/files/2021-11/2.3.%20EUGINE%20-%20H2-Ready%20Definition%20-%20September%202021.pdf
https://www.entsog.eu/sites/default/files/2021-11/2.3.%20EUGINE%20-%20H2-Ready%20Definition%20-%20September%202021.pdf
https://www.fgveurope.de/wp-content/uploads/2023/12/part3-green_hydrogen.pdf
https://www.fgveurope.de/wp-content/uploads/2023/12/part3-green_hydrogen.pdf
https://www.clean-hydrogen.europa.eu/about-us/our-story_en
https://www.clean-hydrogen.europa.eu/about-us/our-story_en
https://www.clean-hydrogen.europa.eu/get-involved/working-regions_en
https://eufundingoverview.be/funding/fuel-cells-and-hydrogen-2-joint-undertaking-other-organisations
https://eufundingoverview.be/funding/fuel-cells-and-hydrogen-2-joint-undertaking-other-organisations
https://ec.europa.eu/regional_policy/policy/communities-and-networks/s3-community-of-practice/partnership_industrial_mod_hydrogen_valleys_en
https://ec.europa.eu/regional_policy/policy/communities-and-networks/s3-community-of-practice/partnership_industrial_mod_hydrogen_valleys_en
https://european-union.europa.eu/institutions-law-budget/institutions-and-bodies/search-all-eu-institutions-and-bodies/clean-hydrogen-joint-undertaking_en
https://european-union.europa.eu/institutions-law-budget/institutions-and-bodies/search-all-eu-institutions-and-bodies/clean-hydrogen-joint-undertaking_en
https://european-union.europa.eu/institutions-law-budget/institutions-and-bodies/search-all-eu-institutions-and-bodies/clean-hydrogen-joint-undertaking_en
https://h2v.eu/hydrogenvalleys?populate=&field_ch_1_q_10_value=RO&field_value_chain_coverage_target_id=All&field_end_uses_target_id=All
https://h2v.eu/hydrogenvalleys?populate=&field_ch_1_q_10_value=RO&field_value_chain_coverage_target_id=All&field_end_uses_target_id=All
https://h2v.eu/hydrogen-valleys/green-hydrogen-blue-danube-0
https://h2v.eu/hydrogen-valleys/green-hydrogen-blue-danube-0
https://h2v.eu/hydrogen-valleys/hydro3d
https://www.nrel.gov/docs/fy23osti/81704.pdf
https://chimcomplex.com/en/chimcomplex-en/
https://www.desteptarea.ro/chimcomplex-va-produce-hidrogen-verde-cu-o-puritate-de-999/#:~:text=La%20final%2C%20not%C4%83m%20c%C4%83%2C%20de,Borze%C8%99ti%20produce%20energie%20din%20hidrogen
https://www.desteptarea.ro/chimcomplex-va-produce-hidrogen-verde-cu-o-puritate-de-999/#:~:text=La%20final%2C%20not%C4%83m%20c%C4%83%2C%20de,Borze%C8%99ti%20produce%20energie%20din%20hidrogen
https://www.desteptarea.ro/chimcomplex-va-produce-hidrogen-verde-cu-o-puritate-de-999/#:~:text=La%20final%2C%20not%C4%83m%20c%C4%83%2C%20de,Borze%C8%99ti%20produce%20energie%20din%20hidrogen
https://www.desteptarea.ro/chimcomplex-va-produce-hidrogen-verde-cu-o-puritate-de-999/#:~:text=La%20final%2C%20not%C4%83m%20c%C4%83%2C%20de,Borze%C8%99ti%20produce%20energie%20din%20hidrogen
https://doi.org/10.1051/matecconf/202438900073
https://socon.com/index.php/de/software-fuer-kavernen/cavinfo-software
https://socon.com/index.php/de/software-fuer-kavernen/cavinfo-software


https://www.socon.com/wp-content/uploads/2022/08/DataSheet_CBGS%20_2.0_english.pdf
https://www.itascainternational.com/software/flac-3d-options
https://www.depogazploiesti.ro/ro/activitate/inmagazinare
https://www.transgaz.ro/sites/default/files/Art.1_56.pdf
http://ns2.comoti.ro/en/Echipamente-de-comprimare-a-gazelor-naturale.htm
https://h2tools.org/sites/default/files/2019-08/paper_3.pdf
https://h2tools.org/sites/default/files/2019-08/paper_3.pdf
https://salina.ro/tehnologie/
https://www.man-es.com/company/press-releases/press-details/2019/08/08/man-energy-solutions-team-up-with-hydrogenious-lohc-technologies-and-frames-group-to-build-hydrogen-storage-systems#:~:text=MAN%20Energy%20Solutions%2C%20Hydrogenious%20LOHC,Hydrogen%20Carrier%20(LOHC)%20technology
https://www.man-es.com/company/press-releases/press-details/2019/08/08/man-energy-solutions-team-up-with-hydrogenious-lohc-technologies-and-frames-group-to-build-hydrogen-storage-systems#:~:text=MAN%20Energy%20Solutions%2C%20Hydrogenious%20LOHC,Hydrogen%20Carrier%20(LOHC)%20technology
https://www.man-es.com/company/press-releases/press-details/2019/08/08/man-energy-solutions-team-up-with-hydrogenious-lohc-technologies-and-frames-group-to-build-hydrogen-storage-systems#:~:text=MAN%20Energy%20Solutions%2C%20Hydrogenious%20LOHC,Hydrogen%20Carrier%20(LOHC)%20technology
https://www.man-es.com/company/press-releases/press-details/2019/08/08/man-energy-solutions-team-up-with-hydrogenious-lohc-technologies-and-frames-group-to-build-hydrogen-storage-systems#:~:text=MAN%20Energy%20Solutions%2C%20Hydrogenious%20LOHC,Hydrogen%20Carrier%20(LOHC)%20technology
https://www.man-es.com/company/press-releases/press-details/2019/08/08/man-energy-solutions-team-up-with-hydrogenious-lohc-technologies-and-frames-group-to-build-hydrogen-storage-systems#:~:text=MAN%20Energy%20Solutions%2C%20Hydrogenious%20LOHC,Hydrogen%20Carrier%20(LOHC)%20technology
https://delgaz.ro/despre-noi/20hygrid
https://delgaz.ro/despre-noi/20hygrid
https://delgaz.ro/getattachment/cd43f86b-6464-4516-b6e0-4c722c95d5d8/Raport-proiect-pilot-20HyGrid-website-DEGR.pdf
https://delgaz.ro/getattachment/cd43f86b-6464-4516-b6e0-4c722c95d5d8/Raport-proiect-pilot-20HyGrid-website-DEGR.pdf
https://siqens.de/en/hydrogen-infrastructure/ehs/
https://www.energynomics.ro/en/delgaz-grid-is-testing-the-use-of-hydrogen-mixed-with-natural-gas/
https://www.energynomics.ro/en/delgaz-grid-is-testing-the-use-of-hydrogen-mixed-with-natural-gas/
https://www.transgaz.ro/en/about-us/company-presentation/hystorical-background-and-personalities
https://www.transgaz.ro/en/about-us/company-presentation/hystorical-background-and-personalities


https://www.nrel.gov/docs/fy23osti/81704.pdf
https://balkangreenenergynews.com/romania-successfully-tests-blending-hydrogen-in-natural-gas-distribution-grid-households/
https://balkangreenenergynews.com/romania-successfully-tests-blending-hydrogen-in-natural-gas-distribution-grid-households/
https://www.transgaz.ro/sites/default/files/Article%20Transgaz%20Hydrogen%2004.06.2021.pdf
https://www.transgaz.ro/sites/default/files/Article%20Transgaz%20Hydrogen%2004.06.2021.pdf
https://www.cleanenergywire.org/news/germanys-gas-pipelines-are-hydrogen-ready-gas-standardisation-body
https://www.cleanenergywire.org/news/germanys-gas-pipelines-are-hydrogen-ready-gas-standardisation-body
https://www.hydrogeninsight.com/policy/portugal-opens-first-auction-for-hydrogen-blending-into-the-gas-grid/2-1-1651979
https://www.hydrogeninsight.com/policy/portugal-opens-first-auction-for-hydrogen-blending-into-the-gas-grid/2-1-1651979
https://www.hydrogeninsight.com/analysis/no-major-blockers-gas-transmission-network-can-be-repurposed-to-100-hydrogen-three-year-real-life-test-concludes/2-1-1682437
https://www.hydrogeninsight.com/analysis/no-major-blockers-gas-transmission-network-can-be-repurposed-to-100-hydrogen-three-year-real-life-test-concludes/2-1-1682437
https://siqens.de/wp-content/uploads/2023/05/EHS_Broschuere_Druckversion_EN.pdf
https://siqens.de/wp-content/uploads/2023/05/EHS_Broschuere_Druckversion_EN.pdf
https://www.euractiv.com/section/politics/news/romania-sent-eu-commission-first-draft-of-integrated-national-energy-climate-plan/
https://www.euractiv.com/section/politics/news/romania-sent-eu-commission-first-draft-of-integrated-national-energy-climate-plan/
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/delivering-european-green-deal_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/delivering-european-green-deal_en
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_4754
https://www.twi-global.com/locations/romania/noutati-si-evenimente/2021/culorile-hidrogenului-si-viitorul-industriei-energetice
https://www.twi-global.com/locations/romania/noutati-si-evenimente/2021/culorile-hidrogenului-si-viitorul-industriei-energetice
https://reform-support.ec.europa.eu/what-we-do/recovery-and-resilience-plans_en
https://climate.ec.europa.eu/eu-action/climate-strategies-targets/2040-climate-target_en
https://climate.ec.europa.eu/eu-action/climate-strategies-targets/2040-climate-target_en
https://doi.org/10.1016/j.ijhydene.2023.04.197


















https://doi.org/10.1093/jbcr/irad157






















https://doi.org/10.1016/j.ijhydene.2018.06.099
https://doi.org/10.1080/15567036.2020.1782535
https://doi.org/10.1016/j.ijhydene.2022.05.010
https://doi.org/10.1016/j.psep.2022.12.094
https://doi.org/10.1016/j.psep.2024.05.111


https://doi.org/10.3390/fire7010008
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32014L0094
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32014L0094
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32009R0079
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32009R0079
https://lege5.ro/Gratuit/gi4dgnbvgazq/normele-tehnice-pentru-proiectarea-executarea-si-exploatarea-sistemelor-de-alimentare-cu-gaze-naturale-din-10052018/1
https://lege5.ro/Gratuit/gi4dgnbvgazq/normele-tehnice-pentru-proiectarea-executarea-si-exploatarea-sistemelor-de-alimentare-cu-gaze-naturale-din-10052018/1














https://doi.org/10.1051/matecconf/202237300027
































https://www.epa.gov/radon/how-do-i-get-radon-test-kit-are-they-free








http://www.epa.gov/radon
https://www.ukradon.org/cms/assets/gfx/content/
https://aaecr.ro/wp-content/uploads/2019/06/01-Radon-articol-BerceaECM_var2.pdf




https://jurnalul.ro/stiri/social/cancer-pulmonar-radon-gaz-radioactiv-risc-accident-vascular-955548.html
https://jurnalul.ro/stiri/social/cancer-pulmonar-radon-gaz-radioactiv-risc-accident-vascular-955548.html


https://www.stiripesurse.ro/romania-alertata-de-gazul-radioactiv-care-provoaca-cancer-pulmonar---care-sunt-cele-mai-expuse-zone-din-tara-noastra_3291327.html
https://www.stiripesurse.ro/romania-alertata-de-gazul-radioactiv-care-provoaca-cancer-pulmonar---care-sunt-cele-mai-expuse-zone-din-tara-noastra_3291327.html
https://insp.gov.ro/
https://radoncontrol.ro/despre-radon
https://www.epa.gov/radon/health-risk-radon#radondeaths
https://assets.publishing.service.gov.uk/media/5a7ea84aed915d74e6225a5d/RCE-11_for_website.pdf
https://assets.publishing.service.gov.uk/media/5a7ea84aed915d74e6225a5d/RCE-11_for_website.pdf
























https://www.egig.eu/reports


https://observatornews.ro/eveniment/ies-la-iveala-detalii-socante-dupa-explozia-din-calimanesti-ce-se-intampla-pe-santier-inaintea-tragediei-zdruncina-teava-aia-din-temelii-542158.html
https://observatornews.ro/eveniment/ies-la-iveala-detalii-socante-dupa-explozia-din-calimanesti-ce-se-intampla-pe-santier-inaintea-tragediei-zdruncina-teava-aia-din-temelii-542158.html
https://observatornews.ro/eveniment/ies-la-iveala-detalii-socante-dupa-explozia-din-calimanesti-ce-se-intampla-pe-santier-inaintea-tragediei-zdruncina-teava-aia-din-temelii-542158.html














































https://doi.org/10.1016/j.emj.2024.04.001
https://www.globalgoals.org/goals/12-responsible-consumption-and-production/
https://sdgs.un.org/goals/goal12
https://www.undp.org/sustainable-development-goals/responsible-consumption-and-production
https://www.undp.org/sustainable-development-goals/responsible-consumption-and-production
https://sdg12hub.org/sdg-12-hub/see-progress-on-sdg-12-by-target/126-sustainability-reporting-businesses
https://sdg12hub.org/sdg-12-hub/see-progress-on-sdg-12-by-target/126-sustainability-reporting-businesses
http://agregator.romania-durabila.gov.ro/intensitatea-emisiilor-de-gaze-cu-efect-de-sera-ges-generate-de-consumul-de-energie1.html
http://agregator.romania-durabila.gov.ro/intensitatea-emisiilor-de-gaze-cu-efect-de-sera-ges-generate-de-consumul-de-energie1.html
https://ec.europa.eu/commission/presscorner/detail/en/ip_24_585
https://www.eea.europa.eu/en
https://www.anpm.ro/
https://acp.copernicus.org/articles/21/2149/2021/
https://www.myclimate.org/en/information/faq/faq-detail/what-are-co2-equivalents/
https://www.srac.ro/ro/iso-14064-validarea-verificarea-declaratii-GES
https://www.nationalgrid.com/stories/energy-explained/what-are-scope-1-2-3-carbon-emissions
https://www.nationalgrid.com/stories/energy-explained/what-are-scope-1-2-3-carbon-emissions
https://international-aluminium.org/


https://anre.ro/despre/rapoarte/
https://ccsi.columbia.edu/sites/default/files/content/docs/publications/ccsi-comet-conflicts-ghg-accounting-steel-industry.pdf
https://ccsi.columbia.edu/sites/default/files/content/docs/publications/ccsi-comet-conflicts-ghg-accounting-steel-industry.pdf














https://1d10qfp7z-y-https-www-webofscience-com.z.e-nformation.ro/wos/woscc/full-record/WOS:000334131100031
https://1d10qfp7z-y-https-www-webofscience-com.z.e-nformation.ro/wos/woscc/full-record/WOS:000334131100031


file:///C:/Users/andre/Desktop/Special_lifting_and_transport_solutions_for_heavy_.pdf














file:///C:/Users/andre/Desktop/Special_lifting_and_transport_solutions_for_heavy_.pdf
file:///C:/Users/andre/Desktop/Special_lifting_and_transport_solutions_for_heavy_.pdf


































































https://www.researchgate.net/journal/MATEC-Web-of-Conferences-2261-236X
https://www.researchgate.net/journal/MATEC-Web-of-Conferences-2261-236X
http://apps.webofknowledge.com.am.enformation.ro/full_record.do?product=UA&search_mode=GeneralSearch&qid=24&SID=Y24iM86xy66FPrPTE2O&page=1&doc=2
http://apps.webofknowledge.com.am.enformation.ro/full_record.do?product=UA&search_mode=GeneralSearch&qid=24&SID=Y24iM86xy66FPrPTE2O&page=1&doc=2
http://dx.doi.org/10.2478/minrv-2021-0021
https://www.researchgate.net/publication/355186756_Environmental_Impact_on_Soil_and_Water_Because_of_Mining_Activities_in_the_Eastern_Part_of_Jiu_Valley
https://www.researchgate.net/publication/355186756_Environmental_Impact_on_Soil_and_Water_Because_of_Mining_Activities_in_the_Eastern_Part_of_Jiu_Valley




























https://doi.org/10.1016/j.ecoleng.2014.12.004
https://doi.org/10.1007/978-3-319-63951-2_194-1
https://doi.org/10.5772/15998
https://doi.org/10.35841/aaiec.7.6.171
https://doi.org/10.1002/cjce.23664
https://doi.org/10.3390/ijms161226227
https://doi.org/10.1016/j.microc.2012.05.007
https://doi.org/10.1080/24749508.2018.1452459
https://doi.org/10.1080/10408398.2020.1776677














http://doi.org./10.1051/mateconf/201816807014
http://doi:10.1088/1755-1315/906/1/012037


http://doi:10.1016/S00162361(01)000014-x




















http://www.researchgate/net/publication/26093075
















































https://doi.org/10.5593/sgem2020/1.2/s03.005




























https://doi.org/10.1016/j.resconrec.2017.09.005
https://doi.org/10.3390/min10010021


https://ideas.repec.org/a/oen/econom/y2019i02id538.html
https://ideas.repec.org/a/oen/econom/y2019i02id538.html
https://ideas.repec.org/a/oen/econom/y2019i02id538.html
https://ideas.repec.org/s/oen/econom.html






















https://sustainabledevelopment.un.org/content/documents/5839GSDR%202015_SD_concept_definiton_rev.pdf
https://sustainabledevelopment.un.org/content/documents/5839GSDR%202015_SD_concept_definiton_rev.pdf
https://ec.europa.eu/commission/presscorner/detail/en/ip_20_2354
https://ec.europa.eu/commission/presscorner/detail/en/ip_21_182
https://www.europarl.europa.eu/news/en/press-room/20210910IPR11904/just-transition-fund-meps-secure-17-5-billion-eur-to-help-workers-and-regions
https://www.europarl.europa.eu/news/en/press-room/20210910IPR11904/just-transition-fund-meps-secure-17-5-billion-eur-to-help-workers-and-regions
https://www.europarl.europa.eu/news/en/press-room/20210910IPR11904/just-transition-fund-meps-secure-17-5-billion-eur-to-help-workers-and-regions
https://www.etf.europa.eu/en/publications-and-resources/publications/skills-and-transition-green-economy
https://www.etf.europa.eu/en/publications-and-resources/publications/skills-and-transition-green-economy
https://www.etf.europa.eu/en/publications-and-resources/publications/skills-and-transition-green-economy
https://www.worldbank.org/en/news/feature/2021/06/15/romania-toward-a-resilient-and-green-economy
https://www.worldbank.org/en/news/feature/2021/06/15/romania-toward-a-resilient-and-green-economy
https://www.worldbank.org/en/news/feature/2021/06/15/romania-toward-a-resilient-and-green-economy
https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/news-room/fact-sheets/detail/depression
https://ec.europa.eu/programmes/erasmus-plus/about_en
https://ec.europa.eu/programmes/erasmus-plus/about_en














https://sustainabledevelopment.un.org/content/documents/5839GSDR%202015_SD_concept_definiton_rev.pdf
https://sustainabledevelopment.un.org/content/documents/5839GSDR%202015_SD_concept_definiton_rev.pdf
http://www.sourceoecd.org/
http://extwprlegs1.fao.org/docs/pdf/rom195029.pdf
https://digitallibrary.un.org/
https://business-review.eu/br-exclusive/br-analysis-making-the-most-of-sustainability-219969
https://business-review.eu/br-exclusive/br-analysis-making-the-most-of-sustainability-219969











