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	 	 	 Dear	Ladies	and	Gentlemen,
	 	 	 Dear	Colleagues,
	 	 	 Dear	Guests,

Allow me on behalf of the Organizing Committee to con-
gratulate the participants in X Jubilee International Geome-
chanics Conference.   

The International Geomechanics Conference has become 
a traditional scientific event that has proven its authority and 

importance over the years. The topics of the conference, determined by the members 
of the National Editorial Committee, are current and significant. The big challenge fac-
ing the mining industry is the rational use of mineral resources. 

 The days of cheap energy are gone. Many things indicate that the world is en-
tering a period when energy will be considered a rare and more expensive commod-
ity and this will also lead to other challenges for the mining industry in the area of 
researching new more efficient techniques and development technologies. Another 
challenge is the continuous increase in the depth of operation, both for open pit and 
underground mines. This means an increase in the level of risk, which has a significant 
impact on the safety of working conditions. New geomechanical methods are needed 
to recognize and predict risk.

 In the conference this year involved colleagues from Bulgaria, Germany, Japan, 
North Macedonia, Serbia and Ukraine. I would like to thank you for your participation 
in X Jubilee International Geomechanics conference, which contributes to the success 
of the forum.

 I would like to express my sincere gratitude to the Golden Sponsor – Dundee 
Precious Metals, Silver Sponsors – Geotechmin OOD, Ellatzite Med AD, Geotrading AD, 
Geostroy AD and the Bronze Sponsor – Asarel-Medet AD.

 I would like to wish you fruitful work, useful discussions, business-important 
proposals and solutions and many scientific successes.

It is our hope that you have been able as well to get a touch of our Sea capital 
city, our Country, and the Bulgarian people, perhaps, with the intent to visit us again in 
2024 on the occasion of the next XI INTERNATIONAL GEOMECHANICS CONFERENCE.

Be healthy and good luck!

       Dr. Eng. Kremena Dedelyanova
     Chairperson of the Organizing Committee











„Мини Марица-изток“ ЕАД, гр. Раднево е 
най-голямото открито въгледобивно предпри-
ятие в Република България. Неговата дейност е 
с определяща значимост, както за националния 
енергиен баланс, така и за икономическия прос-
перитет на региона и страната. Основната мисия 
и цел на дружеството е: енергийна независимост 
и национална сигурност чрез ритмичната дос-
тавка на въглища за термичните централи в ре-
гиона. Дружеството има три открити рудника в 
експлоатация: рудник „Трояново-1”, рудник „Тро-
яново-север“ и рудник „Трояново-3“. Те доставят 
лигнитни въглища на термичните електроцен-
трали в комплекса „Марица-изток“: „ТЕЦ Марица 
изток 2“ ЕАД, „ТЕЦ Контур Глобал Марица Изток 
3“ АД, ТЕЦ „Ей И Ес-Гълъбово“ и „Брикел“ ЕАД. 

Седемдесет години историята на „Мини Марица-изток“ е историята на съвременния открит 
въгледобив в България. Най-голямото българско въгледобивно дружество работи за енергийна-
та независимост и сигурността за развитието националната икономика. „Мини Марица-изток“ ЕАД 
(MMИ) е 100% държавно предприятие, което експлоатира най-големите лигнитни мини в България, 
разположени в югоизточната част на района на Горнотракийската низина с обща площ на лигнитно-
то находище около 240 кв.км. 

Добиваната електроенергия от лигнитните въглища е с относително най-ниска себестойност 
и висока конкурентоспособност, което предопределя изключително важното значение на добива 
от Източномаришкото находище за енергийния баланс и енергийната независимост на страната. 

Цяло седемдесетилетие лигнитните въглища, добивани в „Мини Марица-изток“ са единстве-
ният конкурентен местен енергиен ресурс в електроенергийния баланс на Република България 
сред останалите енергийни източници. 

От началото на експлоатацията на „Мини Марица-изток” ЕАД до юли 2022 г. вкл. в дружеството 
са добити 1 278 527 986 тона въглища и са разкрити, транспортирани и насипани 4 940 182 548 ку-
бични метра земна маса.

„Мини Марица-изток“ ЕАД е живата история на откритият въгледобив в България. Развитието 
на дружеството е цел и мисия на няколко поколения българи. От основаването си досега, компле-
ксът е част от енергийната независимост на страната ни. Той е най-големият на Балканския полуос-
тров и стратегически обект от националната сигурност.
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PHYSICAL - MECHANICAL CHARACTERISTICS OF LIMESTONES FROM THE LOCALITY VIDOVISTE, 
THE REPUBLIC OF NORTH MACEDONIA AND THEIR APPLICATION AS CONSTRUCTION STONE 

Gorgi Dimov1, Blagica Doneva1
1University of Goce Delcev, Faculty of natural and technical sciences, Stip, gorgi.dimov@ugd.edu.mk 

ABSTRACT 
The paper represents the physical and mechanical characteristics of limestones from the Paleozoic carbonate 
massif on the locality Vidoviste, the Republic of North Macedonia. Investigated terrain is situated in the eastern 
part of the Republic of North Macedonia, more precisely in the Kocani region, in the area of the village 
Vidovishte, and administratively belongs to the Municipality of Zrnovci. Investigation terrain occupies an area 
of about 0,42 km². 
From macroscopic analyses can be concluded that the area is composed mainly of fine granular limestone 
with grey colour and layered plate texture structure.
The physical – mechanical characteristics of the material (high pressure strength, high wear resistance, frost 
resistance etc.), their chemical composition and mineralogical – petrographic characteristics showed that his 
material can be used in civil engineering for construction purposes, as a crushing aggregate for concrete and 
asphalt mixtures and more. 
Keywords: limestones, physical – mechanical characteristics, chemical composition, mineralogical - 
petrographic characteristics. 

Introduction

The research area where geological research has been performed on the mineral raw material limestone 
is the locality called "Vidovishte-Pripecani" and is located in the eastern part of the Republic of Macedonia, 
more precisely in the Kocani region, in the area of the village Vidovishte, and administratively belongs to the 
Municipality of Zrnovci. The research area from Kocani is about 10 km away, and the closest settlement to the 
location is the village of Vidoviste. The area is located on the right side of the regional road Stip - Kocani - in 
the immediate vicinity of the villages Vidoviste and Pripecani, under the slopes of the mountain Plachkovica 
(Fig. 1). 

Fig. 1: Geographical position of the investigated area 
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The river Bregalnica passes in the immediate vicinity of this area. Several smaller tributaries flow into this 

area, such as the Orizarska River, Zrnovska River, Gradeska River, Kochanska and Osojnica. Also in this area 
are present underground waters that are accumulated in the river terraces of alluvial sediments around 
Bregalnica, and also in its deeper sediments. [4] 

The microclimatic conditions of the wider vicinity of the location arise from the registered parameters for 
the climate of the Kocani valley with elements of sub-mountain climate. The penetration of cold air in the winter 
months along the valley of the river Bregalnica and the mountain Plachkovica is predominantly felt in this 
valley.

The climate is subcontinental. The average annual temperature is 12.8° C, the absolute minimum 
temperature is -25.2° C, while the absolute maximum temperature is 35.5° C. 

Geological features of the area
The wider area of the exploitation field "Vidovishte - Pripecani" municipality of Zrnovci is built of 

Precambrian, old Paleozoic and Quaternary rocks. The Precambrian is represented by muscovite gneisses, 
leptinolites and mica. Old Paleozoic is represented by quartz - amphibole shales, phyllites – metasandstones 
and marbles, marble carbonate shists, graphite shists and phyllites and albite – quartz - sericite shists. Quarter 
is represented by calcareous limestone, proluvium and alluvium (fig. 2). [2] 

Fig. 2: Geological map of the vicinity of the investigated area [1] 
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The limestones are locally marbled and intensively karstified (forming larger caverns filled with terra 

rossa) and limonitized. 
The geological composition of the investigated field "Vidoviste - Pripecani" is relatively simple. With the 

performed geological research, the presence of limestone on the entire surface of the concession area was 
ascertained. From the geological map (Fig. 1), it can be seen that in the northern part of the area there are 
carbonate schists from the series of marbles and carbonate schists while in the southern part of the area there 
are marbles (marbled limestones) from the same series.

Carbonate schists (M) are mainly gray. On some places are noticed carbonate schists with darker or 
lighter (pale pink) schists without any regularity. These rocks are schistose and this structural characteristic 
causes the carbonate to separate into slabs of various sizes. The dip elements of foliation are range from EP = 
240/50 to EP = 275/60. The thickness of these plates ranges from 2-10 centimeters.

The rocks present in the investigated field, in terms of their hydrogeological function can be classified as 
follows: [3] 

- hydrogeological collectors with fissure - karst type of porosity, where we classify marbled limestones and 
carbonate schists.

All rock masses that are present are classified from an engineering-geological aspect. Namely, the 
following types of rock masses are present: 

- A group of unbound rock masses 
Deluvial deposits can be classified into unbound rock masses. These are mainly medium - density 

incoherent materials. They occur locally in a part of the explored field and have a relatively small thickness. 
- A group of tightly bound rock masses 
Marbles and carbonate schists are classified in this group. They are cracked in blocks mainly with "dm" 

less often with "m" dimensions.

Fig. 3: Part of the investigated area Vidovishte 

Physical - mechanical parameters of marbleized limestone
The examinations for compressive strength of the limestone were performed on dry and water-saturated 

cubes, and the abrasion resistance test was performed on cubes in dry condition. 
The obtained results of the laboratory examinations of the physical-mechanical characteristics of the 

limestone from the locality "Vidovishte" expressed as mean arithmetic value are presented in Table 1. 
The following characteristics were examined: [5] 
1. Compressive strength in dry state 
2. Compressive strength in a water saturated state 
3. Pressure strength after 25 freeze-thaw cycles 
4. Water absorption 
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5. Abrasion resistance - (Bohme) 
6. Volume mass with pores and cavities 
7. Volume mass without pores and cavities
8. Density degree 
9. Porosity
10. Persistence of effect of ice 

Table 1. Physical - mechanical characteristics of limestone 

No. Characteristic
Method

according
MKS

Unit Sign Results

1. Compressive
strength in dry state B.B8.012 

p min 79.9
p max 98,5
p sred 90,0

2.
Compressive

strength in a water 
saturated state 

B.B8.012 
p min 77.8
p max 84.4
p sred 82.0

3.
Pressure strength 

after 25 freeze-thaw 
cycles

B.B8.012 
p min 69,7
p max 74,5
p sred 72,6

4. Water absorption B.B8.010 %
/m/m/ U 0,20

5. Abrasion resistance B.B8.015 cm3/50cm2 Ab 25

6. Volume mass with 
pores and cavities B.B8.032 kg/m3 r 2690

7.
Volume mass 

without pores and 
cavities

B.B8.032 kg/m3 z 2710

8. Degree of density B.B8.032 %
/m/m/ G 98.9

9. Porosity B.B8.032 %
/m/m/ P 1.1

10. Persistence of effect 
of ice B.B8.001 

Damages 
and

losses /%/ 
M

No mass loss or major
damage
Mass loss under 0,1 % 

Chemical analysis 
The average composition of the studied samples has been listed in table 2. The results revealed that CaO 

is the main oxide in all studied samples. 

Table 2. Average chemical composition of the limestone 

Loss in ignition 41,82 %
F 2O3 1,46 %

l2O3 0,00 %
51,53 %

g 1,11 %
Sulfates ( O3) 0.021%
Chlorides ( l) 0.0033%

Insoluble residue + iO2 3,28%
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Mineralogical – petrographic analysis
Microscopic examination shows that it is a carbonate rock that is mainly composed of calcite. Additional 

minerals are muscovite, quartz and rare grains of ore mineral.
The rock has a granoblastic structure and a parallel oriented texture. Calcite occurs in irregular grains of 

uniform shape and size. Calcite grains are oriented in one direction and slightly elongated. In calcite is seen 
cleavage as parallel polysynthetic lamellae, which extend along the elongation of the crystals as a result of 
pressures on the rock.

Thin muscovite leaves, as a secondary mineral, with a leaf length of 150 - 300 microns, run along the 
orientation. The amount of muscovite is about 2 – 3 %, microscopically estimated by eye. 

Quartz grains are quite rare, in irregular, partially rounded shape, also isolated grains with a size of about 
300 microns. Ore grains are also sparse, irregular micrograins, slightly elongated with rock orientation. The 
calcite mass is quite poorly pigmented with citric oxides due to which the sample has a rosy color. 

Muscovite as a harmful component affects the physical - mechanical characteristics of the stone, but its 
quantitative presence is small so it is not expect its influence on the strength characteristics. 

According to the mineralogical-petrographic composition and structural characteristics, this calcite marble 
is a favorable stone for use in construction purposes, as a crushed aggregate for concrete and asphalt 
mixtures, etc., in accordance with the physical - mechanical characteristics of the stone.. 

Its additional processing (washing) is recommended, in order to further reduce the concentration of 
harmful components (micas). 

Conclusion
The investigation area "Vidovishte" is located at about 10 km from Kochani, and administratively belongs 

to the Municipality of Zrnovci. In the wider vicinity of the research area, there are number of different 
lithological composers that occurred at different periods of the earth's crust development. The most valuable 
for this investigation are Paleozoic marbles and carbonate schists.

Based on the conducted chemical analyses, marbles and carbonate schists contains: F 2O3 - 1,46 %, 
 - 51,53 %, g  - 1,11 %, Sulfates ( O3) - 0.021 %, Chlorides ( l) - 0.0033 %, Insoluble residue + iO2

- 3,28 %. 
According physical - mechanical examinations of compressive strength in dry and water saturated state, 

water absorption, abrasion resistance, volume mass with and without pores and cavities, coefficient of volume 
mass, porosity and persistence of effect of ice, marbleized limestone has favorable properties and can be 
successfully used as raw material for aggregate for making concrete mixtures.

From the conducted geological investigation on the mentioned locality, can be concluded that this raw 
material is present in sufficient quantity for exploitation.
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ABSTRACT 
In the extraction and processing of solid mineral raw materials, the production of synthetic raw and 
intermediate products, the processing of products in the foodstuffs, drinks and tobacco industry as well as the 
recovery of recyclables in recycling processes, mixes of particles of different sizes are obtained. It is the task 
of the processing equipment to produce intermediate or end-products from these particle mixes. The material 
composition and physical properties of these products, especially with regard to their dispersity, must meet 
certain requirements. Depending on the type of raw material and the processing objective, different processing 
methods, e.g. size reduction, sizing, sorting, agglomeration, etc. must be applied. The following paper 
addresses the problems of dry mechanical screen sizing of ultrafine silica sand. These problems are examined 
in detail following some basic remarks on the process sequence, evaluation of a screening process and the 
sizing equipment available for this purpose. 

 -  - 
, .

. , ., ,
,  [1]. -

.
,

,  (
 w), ,

,  ( .
. 1). ,

8



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
. , .  (d<w) 

 ( )
 d , ,  w. 

. -  d/w, 
-  [6]. 

 d > w ,  d < w - 
. , ,

 (d  w).  0,8w < d 
.  w < d < 1,2w .

 1: 

,
:

. S
.

:

          (1) 

:
- FF,A -  ( ) .
- FF,F -  ( )  (

)

9



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
- FF,G -  ( )

 ( )
,

 ( ).
B.  ( ) S,F

 " "  (1) 
 ( ) S,F.

          (2) 

,  ( )  (FF,G
= 0), S,F = 1. 

. ("
" FUK  " " FÜK ) 

,
 ( .  1). 

,  " " ,
 ( ). ,

, . .,  ( )
, .

, -
. , ,

, .  ( )
, /

, ,
 ( )  ( )

.

 ( ) ,
.

,  TL Gestein-StB 
04 [7]. 

,
. ,

.  Höffl [3] 
:

, .
,

, .
, .

 (w  100 mm),  (100 mm > w > 10 mm) 
 (10 mm > w > 1 mm) -  (1 mm > w > 0,025 mm) 

, .
,  [2, 6]. 

 ( ) ,
 ( ) .

, .
 ( ), ,

10



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
. ,

 ( . , )
 (

).

. 1:  " "  HAVER NIAGARA GmbH  ( )

Screening
system

Feed
particl
e size  
(max.)
[mm]

Feed
rate
(max.)
 [t/h]

Screenin
g rate 
per deck
[m2]

Numbe
r of 
decks
[ - ]

Cut-
point
range
[mm]

Drive
power
[kW]

Total
weigh
t
[ t ] 

Application areas 

Eccentric-
SM
(F – CLASS) 

 500  1500 3…18 1…3,5 2…125 7,5…90 2,5…3
0

Product screening; 
Scalping; Impurity 
separation

Free-
vibrating
screening-
SM
(T – CLASS) 

 300  800 0,3…24 1…3,5 0,5…15
0

3…75 0,2…2
5

Product screening 
(dry, wet); Impurity 
separation

Linear – SM
(L – CLASS) 

 300  1500 0,9…19,2 2…3,5 0,3…12
5

45…150 0,5…2
5

Product screening 
(dry, wet); Dewatering 

Multideck –
SM
(M – 
CLASS) 

 10  75 5,6  11 0,08…8 15…30 5…10 Product screening 
Industrial minerals; 
Foodstuffs, Synthetic 
and chemical products 

FINE - LINE  8  100 4,5…11,2
5

1…3 0,1…3,0 2,64…2
6,4

2…14,
5

Product screening 
(dry); Filler removal; 
Reject removal 

 HAVER NIAGARA [5] 
,  ( . . 1). 

 HAVER Fine-Line  [8, 9], 
,

.
, .

 ( )
, .

,
.

 2 
 ( ) ,

HAVER FINE-LINE.  (  14 * g),  (1), 
 (3)  (2). 

. ,
 HAVER FINE-LINE, 

.
 12 t/h  1m2,  ( . , ,

, , )  0,063 mm  3 mm. 
 W0  0,5 kWh/t. 

,  W0  1,1 kWh/t. 

.

11



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
:

1.
2.
3.  (  PU )
4.
5.

 2:  HAVER Fine-Line 

. 3  HAVER FINE-LINE 
.

. 1. 

 3:  HAVER FINE-LINE  HD 1800*3750 

,
.

,
,  ( .
, ,

, , . .), 
 ( . , , ,

, , .).
 ( . ,

, , ,
- . .).

12



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
 ( . , ,

,
.).

,

.

 Haver Niagara  400 kg .
.

, ,
 HAVER & BOECKER  EML-200-T 

[12].
 RRSB (DIN 66145) ( .

 4). , . .
.  Q3(d) = 63,2 % 

 d63.  n 
. -  n, -

 ( ) . ,
,  0/0,4 mm 

 d63 = 120 m  n = 1,95.

 4:  RRSB 

13



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
,

.
,

.
- ( ) - ( )

-  ( ) [11]. 
:

:  ( - -
/ ). 

:  C (
 UK,  UP). 

, ,
 HAVER CPA (Computerised Particle Analyser) [10], 

. HAVER CPA ,
, .

 ( ), LED ,
 ( )

.
 (  ( )

 ( )  [11]. 
, .

 [4, 11]. 
 5 

 (  2 ). : -
, . -  0/0,09 mm 

 ( , ) .  C 
 UK

 UP.  UK  AK
 DA,  [4]: 

          (3) 

 5:  (  L/W) 

14



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
 UP -

 UK,  C  0  1,  C = 1 
 ( ).  6 

 (  2 ) .
 0,8 < C < 0,9, .

,  0/0,09 mm -
.

 0/0,09 mm  0,15/0,25 mm. ,
-  (d < 0,1 mm) 

.
. ,

 DIN ISO 692  EN ISO 60 S = 1,44 g/cm3.
 T = 105 0C  f = 0,07  %. 

 6:  ( )

,

 ( )
 0/0,09 mm 

 0/0,4 mm ( . 4), 
0,04  0,04/0,09 mm. 

:
 FUK  11...13 [M.-%] 

 FÜK = 0 [M.-%] 

 Fine-Line  HE 500*1250  HAVER 
NIAGARA GmbH ( . . 7). 

:
;

;
:  B = 500 mm;  L = 1250 mm; 

 AF = 0,635 m2;

15



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
.

,
.

,  ( )  AÖ,

.  ( )
.  w 

 dD, ,
 [5]. 

,
,

.
 w/dD = 1,6...2,5  w  3 mm. 

. , -
, -

. -  (  / 
 w/dD), -

.  2 
. ,

, , . 8. 
DIN/ISO 9044. 

:
: tD = 30...60 s;  tD = 16min. 

 ASP = 0,4...1,0 t/(h  
m2)

.

. 2: 

 w
[mm]

 dD
 [mm]

  w/dD
[ - ]

0,09 0,056 1,61 

0,09 0,040 2,25 

0,09 0,075 1,20 

0,083; 0,58 0,071 -

, . 7 
 ( . 9)  (R&D Centre)  HAVER NIAGARA 

GmbH .  (1) 
(2).  (3)  HAVER Fine-
Line (4). ,

.

 (7), . ,

16



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
. ,

,  (5)  (6), 
 HAVER&BOECKER [5]. 

  7: HAVER Fine-Line  HE 500*1250 ( )

a. 8: 

17



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
:

1.
2.
3.  HAVER NIAGARA 

4. HAVER NIAGARA Fine Line ( : HE 
500*1250) 

5.
6.
7.

 9: -

.
,

.
 ( . . 2). 

, ,
 30-60 .

 (  ASP) . 9 
.

 " "  " "
.

. 10 ( ) . 11 
( ). ,

 ASP
.

 ASP  0,7 t/h m2

 FUK  13M.-%. . 11  0,4 
 ASP  1,0 t/h m2  (FUK = 0 . %), 

. ,

. , ,
 0/0,09 mm - . 11. 

, -
,

.

18



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
, ,

 " "
.

 10: 
 ( )

 11: 
 ( )

,

.

19



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
.

 ( )
. ,

,
 (AÖ = 50 %; . 8). 

 (
) ,

,
. ,

.

 HAVER FINE-LINE  HAVER. 
 ( ,  dD = 0,056 mm), 

- ,  ( -
).

 (dD = 0,04 mm),  (AÖ = 10 %, . 8). 
. 12 ,  dD = 0,04 mm 
-  dD = 

0,056 mm,  ASP = 0,91 [t/h*m2]
. ,

,  dD = 
0,04 mm .

 12:  13: 

.
,  VL
,

 ( . 13). 

.
.

.
 ( ) ,

. . 13, 
.

20



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
-

 FINE-LINE  HAVER NIAGARA. 
.

.
 " ".

 0/0,4 mm  w=0,09 mm.  HAVER Fine-Line 
,

.
 dD=0,04 mm, 

 ASP = 0,5...0,7 t/h m2.
 (

 dD > 0,04 mm).  (
- ), - .

, -
.

. -
 ( - )  [13]. 

.
.  [14] 

.

.

[1] Panayotova ., Pavlov P., Panayotov V., Plastic waste recycling. Periodical “Geology and mineral 
resources” Nr. 7/8 2009., ISSN 1310-2265, p. 8-13.

[2] Schubert,H.: Aufbereitung fester Stoffe, Stuttgart: Deutscher Verlag für Grundstoffindustrie, (1996) 
[3] Höffl; K.: Zerkleinerungs- und Klassiermaschinen, Leipzig: VEB Deutscher Verlag für Grundstoffindustrie, 

(1986)
[4] Lampke, J.; Messerschmidt, C.; Folgner, T. & Lieberwirth, H.: Well rounded – Granulation of mineral 

fertilisers. AT Mineral Processing 01-02/2015 
[5]  HAVER NIAGARA GmbH,  Draht-Weberei, 
[6] Schmidt, P., Körber, R.; Coopers, M.: Sieben und Siebmaschinen (Grundlagen und Anwendung). Willy-

VCH Verlag, Weinheim 2003 
[7] TL Gestein-StB 04: Technische Lieferbedingungen für Gesteinskörnungen im Straßenbau, Ausgabe 

2004/ Fassung 2007 
[8] HAVER NIAGARA: http://www.haverniagara.com/
[9] Fine Line: http://www.finescreening.com/
[10] CPA- Computer particle analyser: http://www.haver-partikelanalyse.com/photooptische-

partikelanalyse/haver-cpa-portfolio/haver-cpa-2-1/
[11] Zlatev M.: Beitrag zur quantitativen Kornformcharakterisierung unter besonderer Berücksichtigung der 

digitalen Bildaufnahmetechnik, Technischen Universität Bergakademie Freiberg http://d-
nb.info/978198808/34

[12] HAVER & BOECKER Analysensiebmaschine http://www.haver-partikelanalyse.com/siebanalyse/
[13] Dr.-Ing. Joachim Harder, Trends in Dry Processing, AT MINERAL PROCESSING 07-08/2013 
[14] https://www.haverboecker.com/de/produktloesungen/industriesiebe/ultraschal lsiebsysteme/ 

21



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 

22



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 

TOPIC  B 
Stress and strain condition of the rock mass. Interaction 
between rock mass and engineering structures 

.

-
.

23



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 

24



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 

 380  440  19 

1, 2, 3
1 , , Ivan.Georgakiev@dundeeprecious.com 
2 , , Delcho.Delchev@dundeeprecious.com 

3 , , Tsvetomir.Velkov@dundeeprecious.com 

GEOTECHNICAL ASSESSMENT OF THE MINING SEQUENCE OF UNDERMINED AND OVERMINED 
ROCK BETWEEN RL 380 AND RL 440 IN BLOCK 19 

Ivan Georgakiev1, Delcho Delchev2, Tsvetomir Velkov3

Dundee Precious Metals Chelopech, Bulgaria,  
1Ivan.Georgakiev@dundeeprecious.com, 2Delcho.Delchev@dundeeprecious.com, 

3Tsvetomir.Velkov@dundeeprecious.com 

ABSTRACT 
The extraction of mineable reserves as part of undermined or overmined rock at Block 19 required a thorough 
geotechnical assessment of the particular rock by applying empirical rock classification methods such as Q, 
GSI, Matthews Stability Graph, Map3D and Phase2D digital modeling. The mining sequence model produced 
by that assessment reflects the influence of any preceding mining operations to date and any structural 
alterations, which impact the stability of the assessed rock. The authors used the results of the empirical 
classification and digital modeling to determine the safest mining sequence of mineable reserves in view of full 
ore extraction with minimum loss, within the existing mining and technological environment. 
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.  Yielding pillar concept and its design.  Tributary 
area analysis -  ( ).

 Average Pillar Stress (APS)  Energy Release Rate (ERR) 
 – design in 

irregular ore bodies.  Rock Mass 
Rating (RMR), Modified Rock Mass Rating (MRMR),  Geological Strength Index (GSI), 
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PILLAR GEOMECHANICS APPLIED IN ROOM AND PILLAR MINING METHOD 

ABSTRACT 
This paper investigated aspects related to optimal parameters of room and pillar mining method. The 
introduction of yielded pillar concept and its design is presented. A tributary area analysis is described, that 
illustrates the effect of different dimension values such as pillar wide wp, opening wide wo, relation h/wp of total 
closure on the simulated models. Two design criteria Average Pillar Stresses (APS) and Energy release Rate 
(ERR) emphasize the need for further researches into methods to mitigate the uncertainty of rock mechanical 
properties. The impact of geological and mining factors on the stability of rooms (pillars) is discussed on the 
basis of Rock mass classifications: Rock Mass Rating (RMR), Modified Rock Mass Rating (MRMR), 
Geological strength index (GSI).   
Keywords: Room and pillar mining method; pillar loading; stage of deformation; pillar size; yielding pillar 
concept;  rock mass classification.
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ASSESSMENT OF THE EFFECTIVENESS OF LOG PILING AS A SHALLOW GROUND IMPROVEMENT 
TECHNIQUE FOR LIQUEFACTION PREVENTION BY MODEL TESTS 

Rana Ito1, Nikolay Milev2, Takashi Kiyota1, Masataka Shiga1, Atsunori Numata3, Takumi Murata3
1 Geo-disaster Mitigation Laboratory, The University of Tokyo (Institute of Industrial Science), 4-6-1 
Komaba, Meguro City, 153-8505 Tokyo, Japan, itora29@iis.u-tokyo.ac.jp, kiyota@iis.u-tokyo.ac.jp & 

shiga815@iis.u-tokyo.ac.jp
2 Department of Geotechnics, University of Architecture, Civil Engineering and Geodesy (UACEG),

1 Hristo Smirnenski Bld., 1046 Sofia, Bulgaria, milev_fte@uacg.bg 
3 Tobishima Corporation, 3 Chome-11-3 Takanawa, Minato City, 108-0074 Tokyo, Japan, 

atsunori_numata@tobishima.co.jp & takumi_murata@tobishima.co.jp

ABSTRACT 
The purpose of the paper is to investigate the applicability of the log piling method (static press installation of 
timber piles in the ground which causes soil densification) as a safe and cost-effective shallow ground 
improvement technique for liquefaction mitigation. Furthermore, the log piling method is an environmentally 
friendly approach in civil engineering since trees absorb carbon dioxide in the atmosphere and their storage in 
the ground in combination with planting new ones influences our society in a positive way. Researchers in 
Japan suggest that the installation of log piles at distance 4 and 5 times their diameter can prevent soil 
liquefaction. In contrast, local practicians point out that the need for economically suitable approaches at 
shallow depth as a countermeasure for small residential houses is crucial nowadays. Therefore, the presented 
study aims to propose an optimum length of the log piles in their use as a liquefaction mitigation technique 
and, at the same time to fulfil all design requirements in terms of penetration settlement and tilt angle 
(respectively 10 cm and 0.6 deg. 
Key words: liquefaction mitigation, log-pile method, 1-g shaking table test
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INTRODUCTION 
The 2011 Great East Japan Earthquake as well as other recent earthquakes have caused significant 

soil liquefaction, and many residences have been damaged as a result of associated settlement and 
inclination. The design criteria of allowable house foundations’ displacements have been proposed for the 
required level of serviceability against moderate and large earthquakes. One of the pressing issues in order to 
mitigate the liquefaction-induced damages of houses is the development of economical countermeasures. 
Current liquefaction countermeasures for civil engineering structures or large buildings request to improve the 
whole layers of saturated loose sand that are likely to liquefy, that are too costly for ordinary house owners – 
[5]. In this paper, the shallow ground improvement technique is proposed as one of the most economical 
liquefaction counter-measures for houses. Some case histories have shown that, the damages of buildings 
and houses on the ground are not serious or none if the non-liquefiable surface layer thicker than 3.0 m is 
found above the liquefiable layer – [4]. In addition, if the shallow ground immediately below the mat 
foundations of houses is improved, settlements and tilting of houses by the liquefaction of the underlying layer 
should be significantly reduced. This is because this non-liquefiable surface layer would support the houses as 
a thick integrated base with relatively high stiffness. The main goal of the presented paper is to verify the 
applicability of the log piling method as a safe and cost-effective shallow ground improvement technique for 
liquefaction mitigation.  

Fig. 1. Introduction the Log-piling technique. (1) CO2 stocking. (2) Installation procedure. (3) Application fields. 

The method is based on static press installation of timber piles in the ground which causes soil 
densification. At first a metal steel tube is inserted in the ground in order to prepare an initial opening after 
which log piles are installed (usually up to two or three pieces having length of 6 m each are connected to 
each other – total length of up to 18 m could be reached). In the latter stage of execution, a layer of gravel is 

(1) (2)

(3)
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used to fill the gap between the top surface of the log and ground level. Last step is to place a clay layer at the 
very top in order to prevent water inflow. An important advantage of the log piling method is that it is an 
environmentally friendly approach in civil engineering since trees absorb carbon dioxide in the atmosphere and 
their storage in the ground in combination with planting new ones influences our society in a positive way – 
Fig. 1. Good practice in Japan suggests that the installation of log piles at distance 4 and 5 times their 
diameter can prevent soil liquefaction in a safe way – [3]. Therefore, the presented study aims to verify the 
application of the log piling method as a suitable liquefaction mitigation technique which fulfils all design 
requirements in terms of penetration settlement and tilt angle (respectively 10 cm and 0.6 deg as given in [2]). 

1-G SHAKING MODEL TEST 
The performance of soil improved by log piles at shallow depth was examined by three cases (Test 01, 

Test 02 and Test 03) of 1-g shaking model tests at the Institute of Industrial Science of the University of Tokyo. 
Test 01 was performed in order to evaluate the performance of a house laying on unimproved liquefiable soil 
while in Test 02 and Test 03 liquefaction mitigation counter-measures were introduced – installation of piles 
just below the structure and installation of piles below and around the structure, respectively. A laminar soil 
box which has dimensions of 100 cm by 40 cm in plan and height of 70 cm was used. The advantage of the 
laminar box over common rigid boxes is that it is capable of reducing boundary effects and it simulates field 
conditions in a more realistic way.

A model scale of 1/20 following the law of similitude suggested by Iai [1] was adopted and 
demonstrated on Fig. 3. Therefore, log piles have been represented by PVC sticks so that flexural rigidity 
could be accounted in scaling assumptions. In Test 02 and Test 03 pile length was set to 30 cm 
(corresponding to 6 m in the model structure) at distance of 4D (D=1 cm). In order to simulate actual execution 
on site, a steel tube was installed and removed at first so that openings could be prepared before placing the 
PVC piles. Dimensions of the super-structure were 29.9 by 23.4 cm in plan and height of 18.4 cm. Base stress 
was set to 0.75 kPa which corresponds to typical base stress of 15 kPa transmitted by small wooden 
residential buildings.

The setup of accelerometers, pore pressure gauges and displacement gauges as well as a view of the 
model are shown in Fig. 2 and Fig. 3. The model ground was prepared using Silica sand No. 7 (the average 
diameter D50=0.15 mm and the uniformity coefficient Uc=1.6) with relative density of Dr=50%. Input motion 
duration was set to 4 seconds and gradually increased at multiple stages. 

Fig. 2. Schematic representation of the performed tests (section and plan view) (1) Test 01 (2) Test 02 (3) Test 03. 

(1) (2) (3)
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Fig. 3. (1) View of the experiment set-up (2) Adopted scaling factors. 

TEST RESULTS 
Representative results from Test 02 are shown in Fig. 3 to Fig. 5. They show that the adopted model 

configuration provides liquefaction mitigation up to approximately 300 gal – liquefaction initiation was observed 
at Stage 3 of the test when significant settlement of the structure was detected. During latter stages lateral 
displacement of the super-structure as well as welling up of water all over the free field top surface was 
observed.

The adopted configuration of sensors (Sensor Chain 1 and Sensor Chain 2) was not optimal as the 
measured pore-water pressure generation in the unimproved zone and near improved zone were identical – 
Fig. 4. An interesting observation was that excitation transmitted at the base is amplified upwards and 
gradually increases through the soil medium to the super-structure until liquefaction occurs (from Stage 1 to 
Stage 3) whereas acceleration reduction is observed in latter stages – from Stage 4 to Stage 10. 
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A summary of the results from Test 01, Test 02 and Test 03 is shown in Fig. 6. Penetration settlement 
indicates the extent of sinking of the house into the ground, i.e., the difference between the total settlement of 
the house and the settlement of the surrounding ground. Tilt is defined by displacement of the foundation base 
at two different points and distance between them. Definitions are given schematically in Fig. 6. 

Results have clearly shown that improvement measures have been effective as penetration settlement 
as well as tilt was largest in Test 01 and smallest in Test 03. In Test 02 and Test 03 penetration settlement 
was negative because the measured settlement of the surrounding ground was larger than the total settlement 
of the structure. 

Fig. 6. Summary of results of Test 01, Test 02 and Test 03 regarding displacements of the super-structure and 
comparison with design requirements. (1) Average cumulative settlement (2) Cumulative tilt (3) Total settlement. 

CONCLUSIONS
Results from the performed tests have clearly shown that the adopted measures for liquefaction 

mitigation at relatively shallow depth (6 m) have favorable influence on the soil-foundation-superstructure 
response (Test 01 compared to Test 02 and Test 03). Quantitively this is demonstrated by the penetration 
settlement and tilt. Moreover, improving some zone around the structure reduces vertical displacements even 
further – comparison between Test 02 and Test 03. 
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For the sake of extending this study, further 1-g model tests are planned to be performed in order to 

define optimal length of log piles and width of the improved zone. 
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ABSTRACT 
When developing unstable vein and layered deposits with mining, the main problem is the management of 
rock pressure. Therefore, fastening and filling systems are most often used. An analysis was made in this 
direction and for certain conditions a layer system with dry filling and ascending order of seizure of the layers 
was recommended. In accordance with this dynamic scheme of work, a standard set of frame fasteners with a 
new auxiliary element - cladding is offered. This cladding is flexible-inflatable and has cladding-protective and 
support-stabilizing functions. The fastening structure ensures safe assembly and disassembly and safe control 
of the rock pressure. 
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ABOUT THE VERIFICATION OF A NEW MATHEMATICAL MODEL IN MINING SUBSIDENCE 
ENGINEERING  I 

Michail Vulkov, Kristina Ilieva-Stoycheva 
e-mail: mvulkov@abv.bg , ilieva_krisi@abv.bg 

ABSTRACT 
The paper is in the field of mining geomechanics. The investigation is focused on the mining subsidence when 
mining out underground ore bodies. 
A verification of the option to use a changing type equation as a mathematical model for the mining 
subsidence formation is made. 
It is supposed that the main equation changes its type in the rock mass above the mining excavation. The 
suggested mathematical model is described. The problem for the mining trough formation is studied as a 
conjugated one. An algorithm for numerical solving the investigated problem is proposed.
Keywords: Rock mechanics, mining subsidence, changing type equation, conjugated problem, applied 
software
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ABOUT THE VERIFICATION OF A NEW MATHEMATICAL MODEL IN MINING SUBSIDENCE 
ENGINEERING  II 

Michail Vulkov, Kristina Ilieva-Stoycheva 
e-mail: mvulkov@abv.bg , ilieva_krisi@abv.bg 

ABSTRACT 
The paper is in the field of mining geomechanics. The investigation is focused on the mining subsidence when 
mining out underground ore bodies. 
In the second part of the investigation the abilities of the PTC Mathcad for solving problems of the mining 
subsidence are studded. 
The possibilities to improve the new theories in extraction of bedded deposits of mineral resources and in 
solving spatial problems in an unusual formulation are considered. 
The algorithm for solving the studied problem, proposed in the part I, is used. A description of this algorithms is 
included. 
In this study a 2D-solution of the problem for mining subsidence while mining horizontal seams with a program 
written in PTC Mathcad is obtained. Conclusions about the practical application of the proposed model are 
made.
Keywords: Rock mechanics, mining subsidence, changing type equation, conjugated problem, applied 
software
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A TECHNOLOGICAL SOLUTION FOR DEFORMATION PROCESS CONTROL  AT THE SECOND WASTE 
DUMP LEVEL OF TROYANOVO-1 MINE 

Stoil Stoilov, stoilov@r1.marica-iztok.com;  Ivan Markov, ivan.markov@r1. marica-iztok.com;
Dinko Dinkov, ddinkov@r1.marica-iztok.com 

Mini Maritsa Iztok EAD, Radnevo 

ABSTRACT 
Deformation processes at the internal dumps of Troyanovo-1 mine started to develop at the beginning of the 
year. They occur in the northern part of the second  waste dump level, in  a comparatively limited area. 
Stability factor calculations and tool-assisted observations have been performed.  Following a stability analysis 
of the area of deformation, technological measures and actions aimed at embankment condition consolidation 
have been planned. The report deals with the technological solution currently applied in the mine. 
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MANIFESTATIONS OF ROCK PRESSURE IN A SYSTEM OF DEVELOPMENT ASCENDANT  
EARTHING WITH LAYER FILLING 

Eng. Milcho Milchev, GEOPROEKTENGENERNG, – mil_milchev@abv.bg
Prof. d-r eng.Kr. Dermendjiev, MGU - krderm@mgu.bg    

ABSTRACT 
The report presents: the development system, forecast for the manifestations of rock pressure in the works; 
the geomechanical substantiation of the technological solutions in ascending excavation with filling of layers 
for underground extraction, in a steep declining ore body, with thickness m = 3.0-6.0 m in a weak rock massif. 
During a subfloor collapse, a complex geomechanical system is formed, in which multiple influences of 
alternating stresses are obtained in the array. Filling technology provides better selectivity than subfloor 
demolition and ore storage, is suitable for ore bodies in weak rocks, and 90% of the rocks excavated in 
galleries outside the ore body remain in the mine. 

-
, ,

 30-40  200m. 
.

.
.

1.
 ( ),  m=3,0-6,0 m 

 65-70 . ,
- .  30-40 m  200 m. 

 ( )
.

:
 21,5  41,5  (  33,0 ),

74



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
,  12,5  17,5  (  16,0 

).   2,65 t/m3  2,80 t/m3 (  2,70 t/m3),
 2,95 t/m3

.
. ,

.

2.
,

.  50-60 % ,
. ,

. -
- , .

- .
-

.
.

 ( ) .  ( ),  „ ” [2] 
, - ..

- -
 30  (1965-1995 .)  „

”. ,  (
)

 ( .  „ “,  „ “ .)
- ,

, .
:

 = R .( . ) -1                                                                                                    (1)
– , m; 
– , KN/m3

 („ “) :
 1  3 ,

 ( )
200-300 kN/m2;

 3  5 ,
 100 kN/m2;

 6  9 ,
 50 kN/m2;

 9  18 - ,
. -

,  4 cm; 
>18 .

.

,
.  50 m  120 m 

 16, 24  33 .  0,35  0,70. 
 3,7  17,0  50 m  1,85  8,52 

 120 m. 
,

 ( )

75



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
.

,
, , , -

, ,
.

, , -
.

3.  ( )
 m =3,0-6,0 m

 m=3,0-4,0 m -
. - , ,

.
, ,

,
.

, - , -
.

 [3]  -
 ( . 3.1)  m=2,5-3,5 m  60 .

, .
, ,

.  50%, 
, , .

;
.

 (
, . .). , -

,
. ,

, ,

, .

 ( . 3.2),  3,0 - 8,0 m -
-

 [3]. :  ( )
; -

, ;
 ( ) , .

-
. .

.
, : ,

, - , , ,
, - . ,

 ( - ) .

76



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 

. 3.1.                               .3.2.                                   
                                                                                   

4.
 [3] 

, - -
, , , -

, .

1- ; 2- .  –  2; 3- .
–  1; 4- .  –  1; 5- . ; 6- . ;
6 - ; 7- ; 8- ;
9- ; 10- , . ; 11- .

. 4.1. 

77



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
 ( . 4.1, 4.2, 4.3  4.4) 

:  6  6 ,
 ( )  150  200 m, 

 7  8. ,
-  8, ,

- . ,
.

. 4.2. 

 6  6  (
)  7. 

 8 -
.

, ,
.

 8 .

. 4.3. 

78



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
,  8, 

 7  11 
 ( ) ,

.  90 % 
,

,
.

 ( . 4.4  4.5), 
, - .

 160 m., L =80 m.  -
h  = 74 m, h = 4,0 m.  

h .  = 24 m ,  6  ( .4.5  4.6, )
 7.  8  7, -

 1 ,  ( . 4.5, ).
,  8 

 ( . 4.6, ),  2 .  45-50 % 
 8 

-  8.  8-9  8, -
- .  8 .

 (  9,0 m2  20 m2)

( , , - , . , -
, - .).  ( -

)
 8  (L = 80 m), . 4.5  4.6, .

h = 4,5 m (50 cm ),
b =4,0 -7,5 m. , .

 1  ( )  240-460 . m3. -
. 1,65,  60-80 . m3  18 % - 25 %.  6, 

6 , 7, 8 , ,
 160-370 . m3 m = 3,0 - 6,0 m. 

    
7- ; 8- ; 12- . , .

- ; 13- .
. 4.4. 

79



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 

. 4.5.  ( )

,
 (1 )  200-500 t/ . (m = 3,0-6,0 m).  5  2 ,

 300 . t  1 . .  ( .  20-38 m2)  3,5-7,0 m/ .

5.

-  ( -  [2]) 
 (6, 6 , 7  8)  16, 24  33 

 120 m. .  0,30; 0,50  0,70. -
 2,5-3,0, -

 (  1 m)  65-70 kN/m2.  1,0 ./m2,
 2,2 m  90-100 kN [4], 

  (3,0-4,0 m)  (  Swellex, IBO ) 200-300 kN [3]. -
 ( )  „ - “ U=8 mm 

U=75-100 mm  8 .
-

. ,
.  25-30 %, -

 15-20 %,  8-12 % -
 5-6 %. 

80



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 

1- . ; 2- ; 3- - ; 4- ;
5- ; 6-  ( ) ; 7- .- . ;
8- ; 9- .

. 4.6. .

.  (4,0 m) 
, .

6.
:

 2,2 m .  80 m 
 4 cm.  ( .6.1, ):

(  1,0 m), .  30-40 
m  4-8 cm. 

,  1,1-1,6 m, 30 .
)                                                 )

           
. . b= 3,3 - 5,0 m;                                                            . . b= 4,0 - 7,3 m;  

h= 2,50 - 3,95 m;                                                                                 h= 4,50 m;  
1-  3,0 m;                                                                                  
1 - , . 2,2 m;                                                                                  1- , . 6,0 m;  
2 - + ;                                                                                        2-  (3,0 m) 
3-  (  1,1-1,6 m)                                                        3-  (300 kN) 

. 6.1. 

81



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
 ( . 6.1 ) :

,  (  1,0 m)  (
17 cm)  2  3  ( )  300 kN  1 .

,
, ,

 30-40  200 m 
.

.
,

, .

1. „ : „  „ ”- . 808-
750”,  1.1. .  „ ” , 2014 .

2. ., . .,”  „ “ , .„ “

”,  “ , , , 1987 .
3. Atlas Copco, prospect, „Mining methods underground mining“, Second edition 2007. 
4. ., . .„ -

– -L“,  “ . , 2012 .

82



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 

 „ - ”

- ¹
¹ -  „ . “, . , ,

dessislava.atanassova@abv.bg

, ,

.
 „ ”  ” ”,  „ - ” ,

, ,
. ,

,
.

.
,

.

.

RESEARCH OF THE DEFORMATION STATE OF THE ROCK MASSIVE FOR PRESERVATION 
PURPOSES TO UNDERGROUND AND OVER-GROUND OBJECTS AT UNDERGROUND DEVELOPMENT 

OF ORE DEPOSITS FOR THE CONDITION OF “GORUBSO – MADAN” LTD 

Desislava Atanasova-Venkova¹ 
¹University of Mining and Geology is “St. Ivan Rilski”, Sofia, Bulgaria, dessislava.atanassova@abv.bg 

ABSTRACT
The changes in the deformation state of the massive, due to the development of mining works, lead to the 
need to study and control the deformation processes and protect various underground and surface objects 
from their influence. 
In the sections "Varba" and "Krushev dol", of "Gorubso-Madan" , with the advancement and penetration of the 
mine workings, preconditions are created for relocations of the surface, as well as of the rock massif. The used 
chambers are large in size and the conducted operation, close to capital works, creates a need for 
observations and analysis of the condition of the massif and the surface facilities. 
The report presents the observation stations built in the above-mentioned sections. Initial surveying 
observations have been made, the results of which will be used for comparison with subsequent 
measurements. Based on the data for realized spatial displacements of the observed landmarks on the earth's 
surface and in the underground workings, the deformation state of the massif at different moments of the 
observations will be determined.
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„ 1“, .
 10 

2021 .
,

.

DESIGN AND IMPLEMENTATION OF AN AUTOMATED SYSTEM  
FOR INVESTIGATION OF DEFORMATION PROCESSES IN THE AREA  

OF THE UNCOVERED ORE STOCKPILE 1 OF MINE COMPLEX "ELLATZITE-MED" AD 

Iv. Vasilev, Dipl. Eng. - i.vasilev@ellatzite-med.com; I. Ivanov, Dipl. Eng. - i.g.ivanov@ellatzite-med.com 

ABSTRACT 
Ellatzite is the biggest open-pit copper mine in Bulgaria. It is operated by Ellatzite-Med AD, part of 
GEOTECHMIN industrial group, producer of copper-gold and molybdenum concentrate. 
The transport of the crushed ore from the Mining Complex to the Flotation Complex is carried out by means of 
a conveyor belt through an underground tunnel (6345 m long and a slope of 1.95%) connecting the two 
complexes. In 2021 Ellatzite-Med AD has launched a project for the development of an automated system for 
monitoring and research of the deformation processes in the area of Ore Depot 1 located at the entrance of 
the tunnel. The phases of design and construction of the system were realized within 10 months and were 
successfully completed in November 2021. 
This publication describes the main methods and solutions applied in the design and implementation of the 
project.
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. . ,  „ . “, n.stoycheva@mgu.bg 

ABSTRACT 
The investigation of the orientation of structural discontinuities is of primary importance for a quarrying 
operation, regarding dimension stones mining. A study was conducted in a rhyolite quarry to verify whether the 
application of digital photogrammetry is viable in the cases of dimension stone mining, compared to the use of 
conventional laser scanning techniques. The obtained results show that digital photogrammetry based on 
photos made with a smartphone provide a cheap way for establishing a database of the orientation of joint 
planes, as well as an approximate way of establishing a mesh of the mined bench, compared to laser 
scanning.
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ABSTRACT 
The method of pulsating electromagnetic sounding (PEMS) refers to electrical methods of prospecting for 
minerals and can be used in the study of the geoelectric section of the lithosphere, direct search for mineral 
deposits, monitoring the stress state of the environment. In the study of oil and gas deposits, it is used to 
determine the reservoirs in the section and is distinguished by the reliability of the results obtained. 
Electrical exploration work is usually carried out according to a system of profiles with a certain step. An 
anomaly on the Earth's surface is determined, corresponding (according to known geological and geophysical 
data) to the search object. In the method of pulsating electromagnetic sounding, profile work is also carried 
out, which makes it possible to calculate and build complete geoelectric sections along profiles with the 
definition of all inhomogeneities of the geological environment. 
The presented method  is aimed at solving the problem of reducing the time and cost of exploration work while 
increasing the information content of the data obtained as a result of studying the electromagnetic parameters 
of the medium. 
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POSSIBILITIES OF BUILDING NEW UNDERGROUND GAS STORAGES IN SOUTHEAST EUROPE AND 
THEIR GEOTECHNICAL MONITORING 

Roumen A. Ivanov, Nevena I. Babunska-Ivanova 
e-mail: rang75@hotmail.com 

ABSTRACT 
The report reviews different methods for building underground gas storages, their role for ensuring seasonal 
unevenness in consumption and advantages over other methods for gas storage. Case study shows that 
several countries in South ast Europe have big possibilities for becoming gas distribution centers. Mentioned 
new underground gas storages will increases the geopolitical role in the energy sector of South ast Europe. 
Geodetic survey methods are the most commonly used instrumental methods for monitoring the natural 
hazard. Only with geodetic and geotechnical methods we can interpret the mechanism, type, scope, duration, 
dynamics and other characteristics of deformation processes of terrains.

1. INTRODUCTION
Gas pipelines belong to pipeline transport. One of the most important problems in pipeline transport 

is to maintain a continuous supply. In the case of gas disruption, underground storage facilities play the role of 
strategic reserve and compensate seasonal unevenness in consumption. Underground gas storage facilities 
have become the most used type for gas storage because they are cheaper than other storage methods. 
Another advantage is a small occupied area over the ground and low fire and explosion hazard. The gas 
storage facilities are part of the gas pipelines, which apart from the pipes also include gas regulating stations, 
gas measuring stations, compressor stations, and automatic gas regulation stations. Every country in the 
Southeast Europe looks for opportunities to direct pipelines to its territory. For example, the Republic of 
Bulgaria has the real opportunity to reengage in the construction of new pipelines and to be a European 
Energy Center. These new pipelines, which are at the heart of the new gas corridors, are: Russia – Black Sea 
– (Turkey) – Bulgaria, Azerbaijan – Georgia – Black Sea – Bulgaria, Iran – Armenia – Georgia – Black Sea – 
Bulgaria, Turkmenistan – Azerbaijan – Georgia – Black Sea – Bulgaria, Israel –Mediterranean Sea – Greece – 
Bulgaria, the projects Eastring and BRUA. Natural gas can also come from Bulgarian and Romanian deposits, 
LNG terminals, etc.

Geodetic survey methods are the most commonly used instrumental methods for monitoring of the 
natural hazard. The implementation of monitoring is associated with the organization of special systems for 
measuring, processing and interpretation of results. Changes in the position of points from two or more 
measurement epoch over a period of time give us the size and direction of the displacements. Strain analysis 
includes the calculation of the deformation parameters and elements of the symmetric tensor, analysis of 
dilatation, total shear, etc. [3,8,18]. New communication technology enables to have a connection between 
monitored objects and instrument over a long distance, to transfer measurements and sharing data between 
organizations [10].

2. METHODS
It is a real prospect for the Republic of Bulgaria to participate in the building of sea and river LNG 

terminals in the Black Sea, the Mediterranean Sea and the Danube River. Terminals for LNG could partly take 
over the functions of underground gas storage, compensating for a short time the unevenness in the country's 
consumption. UGS are being built close to highway gas pipelines and large urban gas user areas.

When choosing a place for storage of gas geological, geodetic, geophysical and others surveys are 
carried out. For example in Bulgaria the Mirovo (Provadia) salt deposit is ideal place for gas storage and a 
different measurements of this area has been made – three epoch GPS measurements with two epochs 
classical geodetic measurements of geodynamic network, combined GPS and gravimetric observations for salt 
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deposit localization, InSAR me surements, etc. [2,4,9]. The terrains are subject to deformation by various 
factors. For the study of deformations, different methods are used.

Among the instrumental methods for the study of geotechnical phenomena, geodetic and 
geotechnical (semi-geodetic) methods are one of the most commonly used. The use of instrumental methods 
implies the establishment of a special methodology and system for measuring, processing, analyzing and 
interpreting of the results. The horizontal displacements are determined by: triangulation, trilateration, 
triangulateration networks, traverse method, alignment method, etc. [11]. Differential, trigonometric, hydrostatic 
levelling, micro leveling, etc., are used to determine the vertical deformation, depending on the required 
accuracy and structural features and the possibility of access to the objects of study. Spatial displacements 
are determined by three-dimensional networks, GPS, photogrammetry, etc. Laser scanners are applied 
intensively for deformation monitoring applications [1,14]. Geodetic instruments for determining deformations 
include levels, total stations, GPS receivers and more. Geotechnical instruments include extensometers, 
inclinometers, piezometers, accelerometers, TDR system, etc.

In addition to gas pipelines and gas storage facilities, liquefied gas terminals are being built in 
Europe. Such is the built in the French city of Dunkirk, which has the capacity of 13 billion cubic meters of 
natural gas per year. The Lithuanian Klaipeda harbor is in operation a liquefied natural gas floating terminal. 
According to analysts, the LNG market is growing every year, and the next generation of LNG terminals will be 
smaller.

Construction of LNG terminals is a multi-billion investment. In order for an LNG facility to be 
economically viable, it is necessary to conclude contracts with at least 20 years of uninterrupted supply. 
Countries such as Algeria, Qatar, the United States and others, and possibly Cyprus and Israel in the future, 
are potential sources of LNG supply in Mediterrian Sea. Existing plans to build LNG (stationary and floating) 
and CNG terminals in the Black Sea and Adriatic Sea are likely to be beneficial for Bulgaria, because after the 
natural gas entering the terminals it can be directed to Bulgaria. The countries from southeast Europe can 
participate in joint financing of common terminals. 

Another important task is sustainable development of the marine transport and business models for 
trading with new gas quantities. Romania also plans to have a LNG terminal in Constanta, where gas from 
Azerbaijan via Georgia will flow – the AGRI project (Azerbaijan – Georgia – Romania) [12]. 

3. RESULTS
Gas underground storages are characterized by specific features such as permeability, porosity, etc. 

It is very important that the gas storage site to be of high permeability and porosity. Porosity determines the 
amount of natural gas that can be stored. Permeability determines the rate at which natural gas passes 
through the repository, which determines the rate of injection and removal of the working gas. Underground 
gas storage can be natural or artificial. Natural are depleted gas or oil fields, deposits, aquifers or salt fields, 
etc. [15]. An example of underground gas storage in depleted gas/oil/water (a) storage forming zone or 
gas/water (b) storage forming zone is given on Figure 1.  

Figure 1. Storage forming zone 
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An example of underground LNG storage in a man-made structure is presented on Figure 2. 

Figure 2. Typical cross section of the underground LNG storage system [5] 

Geometry of the storage cavern on Figure 2 should be adapted to local geological and hydro-
geological conditions. The length of cavern can be several hundred meters. An example for typical cross 
section of underground works in good rock mass condition is presented on Figure 3. In principle, aquifers are 
considered to be the most expensive and unwanted facility for a number of reasons. According to experts, the 
building of underground gas storage in salt domes has an advantage compared to other repositories. They are 
characterized by solid walls and successfully retain natural gas. The artificial gas storages are those built in 
mines, shafts, tunnels, quarries, caves, etc. 

Figure 3. Typical cross section of underground gallery and tunnels [5] 
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Bulgaria is among EU countries that are vulnerable to the occurrence of disruption of external gas 

supplies, because the country is dependent on natural gas consumption over 90 percent and is one of the 
most gas insecure countries in the European Union [6]. For that reason is proposed reverse-flow transactions 
on the transit pipelines to Greece and Turkey and building a new gas interconnector pipeline with Greece [16]. 
The 2022 gas crisis show the importance of the energy supply and distribution for Europe, showed Bulgaria's 
vulnerability to energy supplies, relying on connectivity with neighboring countries. Underground gas storages 
are an indispensable element in the functioning of the Gas Hubs, or in other words, gas hubs are impossible to 
function without gas storage. The list of existing underground storages is given in [7]. Possibilities for building 
new gas storages and extension of old in Southeast Europe are summarized in Table 1. 

Table 1. List of underground storages 

Country /alphabetic order/ Gas storage name /existing and new/ 
Albania Dumrea,  Divjaka 
Bosnia and Herzegovina Tuzla-Tetima 
Bulgaria Chiren, Provadia, Galata 
Croatia Beni anci, Okoli 
Greece South Kavala 

Romania
Balaceanca, Sarmasel, Gherceati, Urziceni, 
Bilciuresti, Cetatea de Balta, Târgu 
Mures, Nades-Prod-Seleus, Roman-Margineni 

Serbia Banatski Dvor, Ostrovo, Staro Selo, Srbobran, Tilva, 
Begejci, Medja, Mokrin 

4. DISCUSSION
Building of new gas storages involves the expansion of old gas storages and the construction of new 

gas storages, as shown in Table 1. 
Major gas projects will deliver huge quantities of gas to the Southeastern European countries. This 

requires detailed exploration of gas storage sites and transportation options between Central and 
Southeastern European countries. The development of underground tunnel construction will give a strong 
impetus to the construction of underground storage facilities in natural and artificial geological formations. This, 
in turn, will result in the storage of much larger quantities of gas, which will significantly increase the volume of 
gas transportation in neighboring regions. In his study [13] the author reports on effects such as the lack of 
subsidence in a gas field that has been regularly used for many years and local subsidence of an underground 
reservoir placed in fault zones during gas injection. Deformation monitoring surveys of gas reservoirs include 
measurement of spatial deformations, observation of the technological part of reservoirs, etc. [17]. 

5. CONCLUSION
This report presents the possibilities of building new underground storages for gas transportation in 

Southeast Europe and their geotechnical monitoring. The specific characteristics that determine underground 
gas storage have been clarified. An example of a gas storage formation zone has been given and explained. 
New drawings with other tunnel configurations need to be provided. The creation of conditions for the security 
of gas supply is a prime task for the European Union in the field of pipeline transport. Building of the gas hub 
and gas storage facilities will contribute to the partial diversification of gas supplies in the South ast Europe 
countries and every one of those countries will become a major transit center for natural gas in the region. 
These new gas storage facilities will increase the energy security of the European Union. 

The guidelines for future research are to explore in more detail new geological formations suitable for 
gas storage and deeper study of the mechanism of gas storage behavior with geodetic and geotechnical 
methods.
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ACCURACY OF MINE SURVEYING MEASUREMENTS IN THE RESEARCH OF GEOMECHANICAL 
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ABSTRACT 
Ensuring the safe and efficient operation of the deposit is essential for the underground extraction of minerals. 
The report presents an observation station in the Dzhurkovo mine in a section for lead-zinc ore mining in a 
system with the open-stope method and the weaning of ore from sublevel mining workings, which aims to 
study the deformation state of the rock massif around the mine workings. 
Six observations were made over a period of several months in a sloping access road and two sublevel drifts. 
The spatial position of the benchmarks from the observation station was determined by mine surveying 
measurements.
The purpose of the presented report is to assess the accuracy of the registered displacements in the vertical 
and horizontal planes for each of the observed points. 
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12 0 -1 1 300 0,01 -3 0,02
22 2 5 5,4 75,8 0,04 -2 0,01
32 2 4 4,5 70,5 0,03 -3 0,02
42 1 2 2,2 70,5 0,02 -6 0,04
52 -2 9 9,2 113,9 0,06 -8 0,05
62 -9 6 10,8 162,6 0,07 -7 0,05
72 -7 12 13,9 133,6 0,09 -7 0,05
82 -7 10 12,2 138,9 0,08 -7 0,04
92 -8 -4 8,9 229,5 0,06 -6 0,04
102 -9 9 12,7 150 0,09 -7 0,05
112 -8 17 18,8 128 0,13 -8 0,05
122 -10 7 12,2 161,1 0,08 -23 0,15
192 -13 0 13 200 0,09 -9 0,06
202 -7 6 9,2 154,9 0,06 -9 0,06
212 -8 9 12 146,3 0,08 -7 0,05
222 -9 8 12 153,7 0,08 -5 0,04
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262 -2 2 2,8 150 0,02 -14 0,09
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302 -2 3 3,6 137,4 0,02 -15 0,1
312 -3 1 3,2 179,5 0,02 -14 0,1
322 -4 3 5 159 0,03 -19 0,13
332 -5 9 10,3 132,3 0,07 -16 0,11
342 -5 12 13 125,1 0,09 -14 0,10
352 -4 21 21,4 112 0,14 -16 0,11
362 -10 20 22,4 129,5 0,15 -17 0,11
372 -7 -1 7,1 209 0,05 -12 0,08
382 -8 -1 8,1 207,9 0,05 -13 0,09

*  ( ) - 
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V  [3]: 

          (2) 
mo  [mm] l  –  [m]. 

-
(  2, 3, 4, 5, 6). 

.

. 2.  (  1–6; 19–28) 

/ S, [m] 
1 - 2 - 1 10,00 n = 1 1 Mh = 0,14 mm

1 - 2 10,66 n = 2 2 Mh = 0,19 mm
2 - 3 9,36 n = 3 3 Mh = 0,24 mm
3 - 4 9,19 n = 4 4 Mh = 0,27 mm
4 - 5 8,11 n = 5 5 Mh = 0,30 mm
5 - 6 10,54 n = 6 6 Mh = 0,33 mm
6 - 19 5,74 n = 7 19 Mh = 0,36 mm
19 - 20 9,05 n = 8 20 Mh = 0,38 mm
20 - 21 10,63 n = 9 21 Mh = 0,41 mm
21 - 22 9,51 n = 10 22 Mh = 0,43 mm
22 - 23 10,66 n = 11 23 Mh = 0,45 mm
23 - 24 9,61 n = 12 24 Mh = 0,47 mm
24 - 25 9,89 n = 13 25 Mh = 0,49 mm
25 - 26 9,12 n = 14 26 Mh = 0,51 mm
26 - 27 9,57 n = 15 27 Mh = 0,53 mm
27 - 28 7,55 n = 16 28 Mh = 0,54 mm

. 3.  I (  7–11) 

/ S, [m] 
6 - 7 3,68 n = 1 7 Mh = 0,34 mm
7 - 8 3,60 n = 2 8 Mh = 0,35 mm
8 - 9 3,52 n = 3 9 Mh = 0,35 mm
9 - 10 4,25 n = 4 10 Mh = 0,36 mm
10 - 11 7,04 n = 5 11 Mh = 0,36 mm

.4.  I (  12–18) 

/ S, [m] 
9 - 12 4,48 n = 1 12 Mh = 0,38 mm
12 - 13 10,32 n = 2 13 Mh = 0,41 mm
13 - 14 9,95 n = 3 14 Mh = 0,43 mm
14 - 15 9,92 n = 4 15 Mh = 0,46 mm
15 - 16 12,55 n = 5 16 Mh = 0,48 mm
16 - 17 12,42 n = 6 17 Mh = 0,50 mm
17 - 18 11,34 n = 7 18 Mh = 0,53 mm

[S] = 149,19 m 
L . = [S]/2n = 4,66 m 

[S] = 22,09 m 
L . = [S]/2n = 2,21 m 

[S] = 70,98 m 
L . = [S]/2n = 5,07 m 

122



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
. 5.  II (  29–36) 

/ S, [m] 
27 - 29 5,91 n = 1 29 Mh = 0,54 mm
29 - 30 7,50 n = 2 30 Mh = 0,55 mm
30 - 31 8,48 n = 3 31 Mh = 0,56 mm
31 - 32 4,80 n = 4 32 Mh = 0,57 mm
32 - 33 10,46 n = 5 33 Mh = 0,59 mm
33 - 34 7,19 n = 6 34 Mh = 0,60 mm
34 - 35 10,22 n = 7 35 Mh = 0,61 mm
35 - 36 8,13 n = 8 36 Mh = 0,62 mm

. 6.  II (  37–43) 

/ S, [m] 
31 - 37 6,97 n = 1 37 Mh = 0,59 mm
37 - 38 10,80 n = 2 38 Mh = 0,61 mm
38 - 39 12,05 n = 3 39 Mh = 0,63 mm
39 - 40 11,94 n = 4 40 Mh = 0,66 mm
40 - 41 14,40 n = 5 41 Mh = 0,68 mm
41 - 42 13,49 n = 6 42 Mh = 0,70 mm
42 - 43 11,16 n = 7 43 Mh = 0,72 mm

, ,
,

 (X,Y) .

 ( )

, .

 ( ).

. ,
,

.
 4 - .1, .2 .3

, . , 1 .1 .2,
2 – .2 .3. .1, .2 .3
. .

.
,

( ) ,  [1]: 

[S] = 62,69 m 
L . = [S]/2n = 3,92 m 

[S] = 80,81 m 
L . = [S]/2n = 5,77 m 

.4. 
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(3)
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(5)

(6)
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,

. . . N 
.

. N  [3]:

           (14) 

           (15) 

,            (16) 

:
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, - . ,
;
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,  - . ,
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.

 7, 
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) .
 Sokkia CX-62. 

 Stonex ZDL700 .
.
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. 7.  [ , ]

N Mx ( )
[mm]

My ( )
[mm] . . Alfa [g] . ,

[mm] , [mm] 
Mx (i) My (i) M (i) Mx (i) My (i) M (i) 

. 1 

13 0,06 0,03   11 218,6423 12 1,99 0,27 2,01 2,62 0,88 2,77 
11     Mx =  1,71   22 1,95 0,50 2,01 2,59 0,98 2,77 
21     My =  0,84   31 1,83 0,91 2,04 2,50 1,24 2,79 
            33 1,99 0,48 2,05 2,62 0,97 2,80 
            41 1,95 0,69 2,07 2,59 1,09 2,81 

. 2 

33 0,09 0,03   31 219,1998 32 1,99 0,31 2,01 2,70 0,44 2,73 
31     Mx =  1,82   42 2,00 0,22 2,01 2,70 0,38 2,73 
41     My =  0,31   52 2,03 0,13 2,03 2,73 0,34 2,75 
            61 2,04 0,28 2,06 2,73 0,42 2,77 
            63 2,03 0,35 2,06 2,73 0,47 2,77 
            73 2,05 0,34 2,08 2,74 0,46 2,78 

. 3 

63 0,04 0,03   63 248,1053 62 2,00 0,17 2,01 3,38 0,50 3,42 
61     Mx =  2,73   72 0,16 2,00 2,01 2,73 2,05 3,42 
73     My =  0,47   82 0,10 2,01 2,01 2,73 2,06 3,42 
            92 0,16 2,02 2,03 2,73 2,07 3,43 
            91 0,38 1,99 2,03 2,75 2,04 3,43 

            103 0,34 2,01 2,04 2,75 2,06 3,44 
            121 0,51 1,97 2,03 2,77 2,02 3,43 
            192 1,99 0,24 2,00 3,38 0,53 3,42 
            201 1,95 0,57 2,03 3,35 0,74 3,43 
            202 2,01 0,30 2,03 3,39 0,56 3,43 
            203 2,03 0,13 2,03 3,40 0,49 3,43 
            211 2,03 0,36 2,06 3,40 0,59 3,45 

. 4 

203 0,10 0,03   201 220,5497 212 2,01 0,11 2,01 3,91 0,75 3,98 
201     Mx =  3,35   222 2,03 0,14 2,03 3,92 0,75 3,99 
211     My =  0,74   232 2,05 0,27 2,07 3,93 0,79 4,01 

            242 2,07 0,35 2,10 3,94 0,82 4,02 
            243 2,07 0,33 2,10 3,94 0,81 4,02 

            241 2,06 0,40 2,10 3,93 0,84 4,02 
            251 2,08 0,46 2,13 3,94 0,87 4,04 

. 5 

243 0,06 0,04   241 219,8484 252 2,01 0,09 2,01 4,42 0,84 4,50 
241     Mx =  3,93   262 2,02 0,15 2,03 4,42 0,85 4,50 
251     My =  0,84   273 2,02 0,35 2,05 4,42 0,91 4,52 

            271 2,04 0,28 2,06 4,43 0,88 4,52 
            283 2,06 0,33 2,09 4,44 0,90 4,53 

. 6 

273 0,65 0,55   271 261,1816 292 0,91 1,98 2,18 4,52 2,17 5,02 
271     Mx =  4,43   302 0,94 1,99 2,20 4,53 2,18 5,03 
283     My =  0,88   312 0,87 2,04 2,22 4,52 2,22 5,03 

            272 2,10 0,58 2,18 4,90 1,06 5,02 
            282 2,04 0,77 2,18 4,88 1,17 5,02 
            311 0,77 2,08 2,22 4,50 2,26 5,03 
            313 1,10 1,93 2,22 4,57 2,12 5,04 

            371 1,04 1,99 2,25 4,55 2,18 5,05 

. 7 

101 0,04 0,02   103 230,6386 102 2,01 0,06 2,01 3,40 2,06 3,98 
103     Mx =  2,75   112 2,02 0,15 2,03 3,41 2,07 3,99 
121     My =  2,06   122 2,01 0,04 2,01 3,40 2,06 3,98 

            132 2,02 0,20 2,03 3,41 2,07 3,99 
            142 2,04 0,27 2,06 3,42 2,08 4,01 

            143 2,05 0,22 2,06 3,43 2,08 4,01 
            141 2,03 0,35 2,06 3,42 2,09 4,01 
            153 2,06 0,34 2,09 3,43 2,09 4,02 
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. 8 

143 0,09 0,02   141 195,4232 152 1,99 0,30 2,01 3,95 2,11 4,48 
141     Mx =  3,42   162 2,03 0,22 2,04 3,97 2,10 4,50 
153     My =  2,09   161 2,02 0,34 2,05 3,97 2,12 4,50 

            163 2,04 0,18 2,05 3,98 2,10 4,50 
            173 2,06 0,30 2,08 3,99 2,11 4,51 

. 9 
163 0,22 0,14   161 213,7209 172 1,94 0,59 2,03 4,42 2,20 4,94 
161     Mx =  3,97   182 1,99 0,52 2,06 4,44 2,18 4,95 
173     My =  2,12   - - - - - - - 

. 10 

371 0,06 0,03   311 143,9396 322 2,00 0,20 2,01 4,92 2,27 5,42 
313     Mx =  4,50   332 2,01 0,30 2,03 4,93 2,28 5,43 
311     My =  2,26   331 1,96 0,55 2,04 4,91 2,33 5,43 

            333 2,03 0,16 2,04 4,94 2,27 5,43 
            341 2,01 0,44 2,06 4,93 2,30 5,44 
            372 1,95 0,49 2,01 4,90 2,31 5,42 
            382 1,99 0,45 2,04 4,92 2,30 5,43 

            392 2,00 0,54 2,07 4,92 2,32 5,44 
            401 2,01 0,66 2,12 4,93 2,35 5,46 
            402 2,03 0,61 2,12 4,94 2,34 5,46 
            403 2,05 0,54 2,12 4,94 2,32 5,46 
            411 2,04 0,74 2,17 4,94 2,38 5,48 

. 11 
333 0,08 0,02   331 28,8840 342 2,00 0,19 2,01 5,30 2,33 5,79 
331     Mx =  4,91   352 2,03 0,15 2,04 5,31 2,33 5,80 
341     My =  2,33   362 2,04 0,24 2,05 5,31 2,34 5,81 

. 12 
403 0,05 0,04   401 195,4760 412 1,98 0,37 2,01 5,31 2,38 5,82 
401     Mx =  4,93   422 2,01 0,41 2,05 5,32 2,39 5,83 
411     My =  2,35   432 2,04 0,42 2,08 5,33 2,39 5,84 

 [ , ]
, - ,

- -  (
). 

1. .
2. ,

.
3.  ( ,

). ,
,  „ “.

4. , ,
.

,
.

,  ( ,
). , ,

.
.

, .
,

126



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 

 „ “.

. , ,

.

1. , . ., . . , . . , . . , . . , . . , . .
, . . , . . , . . .  (  2). .

. . . ., „ “, 1989, 437 ., ISBN 5-247-01800-1. 
2. , .

-  „ “, „  – “
, , , 2021. 

3. , .,  ( ),  „ .
”, , 2019.

127



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 

AUTOCAD CIVIL 3D, 
 „ “

-  " . ", 1700 , nt.todorovv@gmail.com 

,
, ,

.

 AutoDeck- AutoCad Civil 3D. ,

,
,

.
,

/ , .
.

AUTOCAD CIVIL 3D, GRAPHIC ENVIRONMENT FOR SOLVING SOME MARKSCHIDER PROBLEMS FOR 
THE CONDITIONS OF “KRUSHEV DOL” MINE 

Nedko Todorov 
University of mining and geology "St. Ivan Rilski", 1700 Sofia, nt.todorovv@gmail.com 

ABSTRACT
Despite the wide range of capabilities of specialized mining software, greatly facilitating the work of geologists, 
developers and surveyors, not every company in our country can afford to pay annual license fees. For the 
surveying of mines in an underground way, the use of non-specialized software of the company AutoDeck - 
AutoCad Civil 3D is resorted to. With its ability to connect to an external database from which to draw 
information about the spatial position of the contours of the galleries on the horizons and data from geological 
sampling, give a prerequisite for generating profiles on this information, be it to depict the boundaries of 
production or graphics of the percentage of useful component. These functions cannot be performed without 
the presence of surfaces, which are also used as a basis for the design of new galleries and / or the 
calculation of the volume of mine mass locked within the limits of construction. This is a very good software 
with the potential to be used in a real environment.
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MINE SURVEYING STUDIES OF THE DEFORMATION STATUS OF THE ROCK MASSIF IN SUPPORT 
PILLAR IN METASOMATIC DEPOSIT IN MINE FOR LEAD-ZINC ORE MINING 

Alexander Tzonkov 
University of Mining and Geology "St. Ivan Rilski", 1700 Sofia, altzon@abv.bg 

Radoslav Sirakov 
"Lucky Invest-Dzhurkovo" Ltd., 4241 Lucky, radoslavsirakov24@gmail.com 

ABSTRACT 
The results of studies of the deformation status of the rock massif in support pillar in metasomatic deposit in 
the Dzhurkovo mine are presented in the paper. They are based on repeated (multiple) mine surveying 
measurements at appropriate intervals to determine the spatial changes of observed points from the rock 
massif.
To clarify the state of the array for the period of the observation, the values of: the main deformations, their 
directions, the relative change of the area and the intensity of the form change are determined. These 
deformation characteristics are defined for three levels, forming networks of triangles in the upper, middle and 
lower part of the support pillar. The hypothesis of local uniform deformation of the rock massif in the plane of 
each triangle is accepted. The tips of the triangles are the observed points pre -stabilized in the walls of the 
support pillar. The results are presented in tabular and graphic form. 
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 1, 2  3 . 5, 6  7. 

.1.

X [m] Y [m] 1.10-3 T1 [g] E2.10-3 .10-3 m.10-3

101 19651,950 57156,361 4,28 -46,05 -3,46 0,82 7,73 

102 19651,154 57156,510 1,22 56,44 0,25 1,46 0,97 

103 19650,023 57156,448 0,77 46,91 -0,32 0,46 1,09 

104 19649,192 57154,454 2,74 13,96 -4,11 -1,36 6,86 

105 19648,004 57156,036 2,59 6,84 -0,56 2,03 3,15 

106 19647,199 57154,020 2,71 -30,13 -6,22 -3,52 8,93 

107 19646,131 57155,765 2,02 -31,52 -0,08 1,94 2,10 

108 19645,340 57153,925 1,67 -29,89 -5,97 -4,30 7,63 

109 19644,277 57155,571 3,24 -43,80 -0,84 2,40 4,08 

1.10-3 2.10-3

1 (
) 2 ( )

.10-3 m.10-3

.5
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.2.

X [m] Y [m] 1.10-3 T1 [g] E2.10-3 .10-3 m.10-3

201 19653,766 57156,948 4,14 -91,01 -3,16 0,98 7,30 
202 19653,396 57156,215 -0,24 41,76 -4,55 -4,80 4,31 
203 19652,939 57157,117 2,15 -31,11 -6,18 -4,03 8,33 
204 19652,561 57155,705 0,36 5,63 -0,18 0,18 0,54 
205 19651,805 57156,872 0,96 60,56 -1,05 -0,09 2,01 
206 19651,167 57154,863 0,30 9,47 -1,81 -1,51 2,12 
207 19650,076 57156,289 0,52 86,99 0,17 0,69 0,34 
208 19649,282 57154,160 0,57 1,89 -2,05 -1,48 2,62 
209 19648,088 57155,952 0,65 -13,83 0,36 1,01 0,29 
210 19647,239 57153,863 0,65 -30,17 0,09 0,73 0,56 
211 19646,170 57155,727 0,55 8,70 0,04 0,58 0,51 
212 19645,372 57153,797 0,68 -45,59 -0,35 0,33 1,03 
213 19644,279 57155,580 0,65 -14,73 -0,58 0,07 1,23 
214 19643,501 57153,925 0,72 -53,67 0,17 0,89 0,55 
215 19642,186 57153,778 1,47 -66,00 -0,83 0,64 2,30 
216 19642,662 57154,966 1,53 99,62 0,20 1,73 1,33 
217 19642,491 57156,367 2,64 84,17 -0,73 1,91 3,37 

1.10-3 2.10-3

1 (
) 2 ( )

.10-3 m.10-3

.6
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.3.

X [m] Y [m] 1.10-3 T1 [g] E2.10-3 .10-3 m.10-3

301 19652,402 57156,449 2,45 -41,71 -3,24 -0,79 5,70 
302 19651,440 57156,455 0,69 97,24 0,30 1,00 0,39 
303 19650,261 57156,283 0,50 46,46 -0,57 -0,07 1,08 
304 19649,409 57153,977 0,19 -6,49 -2,09 -1,90 2,28 
305 19648,201 57155,992 0,38 -19,44 -0,25 0,14 0,63 
306 19647,320 57153,653 0,64 97,62 0,30 0,94 0,35 
307 19646,237 57155,746 0,45 -10,64 -0,26 0,19 0,71 
308 19645,358 57153,430 0,54 -54,75 0,12 0,66 0,42 
309 19644,170 57155,538 0,44 42,27 -0,88 -0,44 1,33 
310 19643,261 57153,651 0,45 -68,38 -0,69 -0,24 1,14 
311 19642,507 57155,524 3,35 -64,33 -1,16 2,19 4,50 
312 19642,148 57154,127 2,38 59,83 -0,55 1,83 2,92 
313 19641,954 57155,148 0,92 32,72 -3,40 -2,48 4,33 

1.10-3 2.10-3

1 ( )
2 ( )

.10-3 m.10-3

.7
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.   Hristo.Dobrev@dundeeprecious.com 

ABSTRACT 
A short review of survey activities executed in Chelopech mine related to management of rock mass 
processes, has been prepared. The review presents part of the innovative methods applied in their execution. 
It summarizes survey tasks related to monitoring of movement zones; observation of stability in specific 
development and production mine workings, surface movements; creating 3D models of production, minedout 
or backfilled areas. Specific examples of modern and innovative technologies used are presented.  
Keywords: UAV; Scanners; Geotechnical; Survey; Innovations;
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2. EXYNAERO –  – ,
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ABSTRACT
The purpose of photogrammetric imaging of archaeological sites is to document the finds discovered at a 
given time. Along with this, they are also georeferenced. 
This helps for subsequent analyses when new archaeological sites are discovered in the respective areas. A 
spatial view of the sites concerned is also obtained. 
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ABSTRACT 
This paper  discusses a probability method for the additional  assessment of the authenticity of the linear and 
curvilinear dependence. The method propose the possibility on the base of two regression functional 
dependences with close or equal correlation coefficients to choice this one with higher probability assessment. 
The choice is realized on the base of the values of the correlation coefficients , defined with the help of the 
relevant assessment of the authenticity. 
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ON THE BASIS OF ONE APPROACH TO PILLAR SIZING, BASED ON BRITTLE AND HARD ROCKS

ABSTRACT
A well-known empirical method for pillar sizing is the Hoek-Brown method. For the application of this method to 
brittle and hard rock materials, the Canadian researcher Martin et al. propose certain changes to the values of 
the Hoek-Brown parameters m and s. These changes are based on their additionally established physical 
meaning as well as basic prerequisites for their participation in the destructive process characteristic of this 
type of materials. The reliability of the correction is established by comparing the graphically expressed results 
with those obtained by other authors through observations in brittle-destructive pillars. 
Keywords: Pillar design; Hoek-Brown failure criteria; brittle destructive hard rock pillars.  
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ABSTRACT 
The main purpose of this work is to analyze the information risk and its relationship with information 
asymmetry. The content of different types of information asymmetry is discussed. The content of various types 
of information risks, caused by information asymmetry is disclosed. Different methods for minimizing of 
information risk are described. It’s proved, that the main methods for minimizing of the information risk are 
information interaction and system analysis. 
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EVALUATION OF TWO INTERCHANGEABLE APPROACHES FOR SOIL IMPROVEMENT FOR THE SAKE 
OF ENSURING THE SAFETY OF THE SHALLOW FOUNDATIONS OF A SILO BASE AND REMOVING 

COLLAPSIBILITY OF A RELATIVELY THICK SOIL LAYER 

Nikolay Milev 
Department of Geotechnics, University of Architecture, Civil Engineering and Geodesy, 1 Hristo 

Simirnenski Blvd., Sofia 1164, Bulgaria; milev_fte@uacg.bg

ABSTRACT 
This paper is focused on two alternative and interchangeable concepts for the foundations of a silo base in 
Silistra (Bulgaria). Geological conditions on site are unfavorable because local soil (loess) has been classified 
as “collapsible – Type II” (according to Bulgarian Shallow Foundations Code) up to depth of 12 m. On the 
basis of code requirements and strict exploitational limitations of the silos (in terms of foundation settlement 
and tilt) one of the following approaches should be followed: removing the collapsibility of soil or passing 

181



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 

 

 

 
through collapsive soil by means of deep foundations (piles, slurry walls and others). On the basis of 
preliminary technical analysis and cost estimation shallow foundation methods in combination with local soil 
improvement techniques have been selected for the presented study. First concept assumes the execution of 
a double mat foundation which is placed on relatively thick soil-cement mixed base layer and soil modified by 
rapid soil compaction. Second concept assumes the execution of a mat foundation which is placed on a 
relatively thin soil-cement mixed base layer and discretely distributed deep soil mix columns. Both approaches 
guarantee the serviceability of the structures, suggest the application of improvement techniques which are 
available on Bulgarian market and ensure fast and cost-effective execution. 
Key words: loess, collapsible soil, shallow foundation, soil improvement, silo, rapid impact compaction, 
cement-soil mixing, deep soil mixing 
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METHODOLOGY FOR DETERMINING OPTIMAL SLOPE ANGLE FOR LITHOLOGICAL UNIT IN 
ELLATZITE OPEN PIT MINE

Nikola Toshkov - n.toshkov@ellatzite-med.com; Lyubomir Svilenov - l.svilenov@ellatzite-med.com; 
Zhelyazko Yalamov - zh.yalamov@ellatzite-med.com

ABSTRACT 
Lithology slope angle is an important input parameter in the mine design process. This angle should be 
optimal and meet certain acceptance criteria. Developed in Ellatzite Open Pit methodology for determining 
optimal lithology slope angle using the programing language FISH in the software UDEC is presented in the 
report.
Developed programing code is performing slope stability calculations on many automatically generated pit 
configurations that depends on the number and height of ramps, width of the geotechnical berms and inter-
ramp angle. The code is also design to access the groundwater influence on the slope stability for different 
water depth and the probability of failure given the parameters uncertainties.
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.  7  8. 
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197



 

Proceedings of the X International Geomechanics Conference 
19 – 23 September 2022, Varna, Bulgaria 
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        (7) 

:
_rh – ;
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.  _water_depth, 
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,
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, .
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         (8) 

         (9) 

:
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;
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,
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ABSTRACT 
Increased precipitation and flooding of the Tamnava-West Field opencast mine and its internal dump due to 
climate change have led to permanent changes in the geomechanical characteristics of the dumped 
overburden, but also caused the reduction of the overall slope factors of stability and caused a significant 
increase of mining risk. An updated analyzes of the internal dump slope stability with a probabilistic modeling 
approach for risk assessment in a presented case study is the basis for optimizing the overall slope angle, 
increasing the dewatering system efficiency, as well as attaining more reliable mining and work safety.
Keywords: internal dump, slope stability, factor of safety, probabilities, consequences, risk  

Introduction
The opencast coal mine Tamnava-West has the biggest coal production in the Republic of Serbia, and 

it’s in the phase of full development with the formation of an internal dump. After the consequences of a huge 
flood in 2014 and increased rainfall due to current climate changes, there were significant hydrological and 
geomechanical changes in the parameters of the working environment, which endanger the previously 
projected internal dump overall slope stability in accordance with applicable legislation. Therefore, there’s a 
need for an innovative analysis of the overall slope stability and, consequently, possible changes in the 
construction and dynamics of the formation of the internal dump. The presented case study demonstrates that 
it is necessary to use a quantitative probabilistic approach that enables the realization of an optimized 
opencast mine internal dump overall slope design process, by determining the variance values of slope angles 
and dump slope stability risks assessment. The value of risk was obtained as a product of the total probability 
of the slope failure as a product of the dependent probabilities of the determined impact factors and economic 
consequences of the slope failure. In this case study, the consequences include losses due to costs of internal 
dump sanation due to slope failure, equipment repairs, dewatering failures and costs of possible production 
losses and loss of human life or damage to health. 

Opencast mine internal dump overall slope stability risk
The methodology of calculating opencast mine internal dump slope stability risk (R) is based on the 

well-known probabilistic principle of slope overall system failure probability (Pfs) and quantitatively determined 
consequences (C) on the functionality and economy of opencast mines [7, 9, 11]. 

According to the classic definition, the risk of internal dump overall slope failure is practically the 
possibility of occurrence of a situation or event that can have negative consequences on the function and 
operation of the opencast mine, and it’s defined as: 

             (1) 
Where: Pfs - probability of internal dump overall slope failure
C - expected losses caused by internal dump slope failure
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The basic losses from failures due to internal dump failure causes can be classified in three main 

categories:
o Losses associated with damage to the internal dump contours and infrastructure of the opencast mine.
o Financial losses including loss of production, cost of intervention, rehabilitation and repair, loss of life 

or damage to health, etc.
o Loss of reputation, including mistrust in production stability and management, etc. 

Depending on the category, losses can be expressed in monetary units, the number of deaths, loss of 
time, the amount of lost production, the failure mass amount, etc. Total failure losses in opencast mines are 
usually expressed in monetary units.

In the set risk assessment methodology, three basic dependent impact factors were singled out (Fig. 
1). These are the impact of the software-calculated geomechanical Factor of Safety (FS), impact of 
unacceptable failure of the internal dump dewatering system (DF) and impact of unpredictable extreme rain 
and flood events (ER) which are frequent due to global climate change. The impact of slope failure on the loss 
of human life or damage to health is one of the consequences. 

Figure 1 Overall slope stability failure risk analysis model 

FS calculations are based on the theory of limit equilibrium. A safety overall slope angle can be 
obtained by knowing all required geomechanical input parameters and using recognized software. With FS 
defined by state legislation in the field of mining or recommended by experts and professional organizations 
based on best known practice. According to the Serbian state Rulebook (2010), a FS from 1.5 to 2 is allowed 
for the overall dump slope when it comes to substrate fracture or slides. Among the output software-derived 
parameters, in addition to FS, an overall slope Probability of Failure (PF) was also obtained directly. The 
probability value of slope PF, in relation to the associated FS, as an example, can be seen in Figure 2 [4]. 
Probability of non-failure event is PnF = 1-PF. 
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Figure 2 Opencast mine Tamnava-West Field overall internal dump slope stability calculation 
(Internal dump height 120 m; Overall slope angle - 8 degree;  

Pore pressure - Ru = 0.5; FS = 1.15, PF = 0.18) 

The functioning of the dewatering system has an extremely significant impact on the internal dump 
stability, as well as its appropriate sizing, especially in relation to climate change. Failures of this system lead 
to greater dump flooding, which then negatively affects the slope stability and can lead to dump slope failure 
and significant consequences. The probability of system failure is obtained on the basis of operating time (Tod)
and renewal times (Trd). 

Internal dump operation probability until the failure of internal dump slope in relation to internal dump 
dewatering system failure, can be described by different laws of distribution. The simplest, in practice of 
system stationary probabilities, verified and the most used is the exponential distribution with the following 
stationary distribution function of system expressed through appropriate operating time to failure (Tod) [1, 6, 12]: 

Where: t - set operating time, a - distribution parameter (failure intensity - a = 1/Tod).  
The mean internal dump time to failure in relation to internal dump dewatering system failure is:  

             (2) 
On the other hand, risk or the internal dump dewatering system renewal probability after a failure by 

the time t at an exponential law of time distribution through appropriate time of renewal (Trd) with the parameter 
b (renewal intensity - b = 1/Trd) in time from 0 to t is: 

The mean renewal time of the internal dump dewatering system failure is:
       (3) 

When t , limited stationary dewatering operation probability (Pod) and the dewatering system 
renewal probability elements after failure (Prd) are: 

            (4) 

Unpredictable extreme weather events, significantly increased due to global climate change, lead to 
flooding opencast mines, landslides due to changes in geomechanical characteristics and slow dewatering of 
internal dumps. This certainly entails the need for slope stability calculations with increased normal pore 
pressure and dewatering system corrections. The probabilities of occurrence of these extreme events are 
obtained based on return periods [3, 5, 7]. Hydrological calculations in the field of Serbian mining are based on 
the old prescribed value of a 100 years return period. Because of climate changes, the return period of 100 
years no longer matches the reality.

Occurrences of internal dump slope stability risks which cannot be controlled (catastrophic events 
such as abnormal rainfall and floods and increasingly frequent storms) can cause high costs for the opencast 
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mines in terms of cost recovery, equipment and infrastructure objects repairs and consequential losses due to 
production interruption and loss of human life or damage to health [7, 8].

It is customary for the probability analysis in a set time (t) to use geometric distribution with a 
parameter related to the return period (Tr) of catastrophic events with a probability p, where p = 1/Tr, with the 
function f(t) = p(1 - p)t. The return period is an unconditional time until the occurrence of a catastrophic event 
without the assumption of such an event in the first year [5, 8].

In relation to floods in general and meteorological conditions, there is a lot of research in the world. 
The changes in the 21st century compared to the 20th century are significant. Thus, Japanese experts have 
determined that the return period of floods and storms (Tr = 1/p) of 100 years should be reduced to today's 
return period of 40 years (Fig. 3) [3]. 

Figure 3 Return periods before and after climate changes [3]

The probability that a catastrophic not-controlled event (Pc) will not occur during the analyzed period of 
the project of n years is:

           (5) 
The risk, that is, the probability that the event will happen at least once during the analyzed period of 

the project is: 
      

The slope stability system can be defined as an unambiguously safety state or failure state of the 
slope system [5, 10]. System depended impact elements on slope stability are connected in series. If the 
system consists of (n) elements connected in series, the system probability safety state Pss(t), for the 
probabilities of each of i impact element safety state Pssi(t), is: 

          (6) 
Probability of the system failure state is:

                 (7) 
Consequences of slope stability failure state include costs of repairing the collapsed slope (Cv) given 

in euro Euro/m3, costs of equipment and infrastructure repairs (Cr), possible losses in production (Cp) and loss 
of human life or damage to health (Ch) [8]: 

C = Cv + Cr + Cc + Ch, (Euro)      (8)  

Case study: Opencast coal mine Tamnava-West internal dump overall slope angle selection
The opencast coal mine Tamnava-West Field had huge consequences due to 2014 flood with direct 

costs of rehabilitation of over 200 M Euro, not taking into account the indirect costs of losses in coal and 
electricity production (Fig. 5 - left). After the remediation from the catastrophic flood and further frequent 
rainfall, there were occasional internal dump slope failures (Fig. 5 - right). Serious deterioration of the dump’s 
geomechanical characteristics shows the need to increase internal dump slope stability through decreasing 
overall slope angle in accordance with best known practice and with state legislation. The overburden in the 
internal dump is an inhomogeneous material represented by a mixture of different types of gravels, sands and 
clays. The average values of volumetric mass, cohesion and angle of internal friction were adopted on the 
basis of geomechanical research and laboratory analyzes. 
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Figure 5 Flooded opencast coal mine Tamnava-West with internal dump (left) and slope circular failure after flood 
sanation (right) 

An innovated variant calculation of internal dump overall slope stability was done for slope angles of 8, 
6 and 4 degrees. The previously projected 8-degree angle of inclination was done with a commonly used pore 
pressure (Ru) of 0.2. In addition to Ru, as an example for new calculations to demonstrate the methodological 
approach to the choice of the overall slope inclination in this case study, a limit pore pressure of 0.5 was 
applied.

The following physical and mechanical properties of the deposited material and other input geometric, 
legal and temporal parameters were adopted: 

Volumetric mass:  = 18.5 KN/m3

Cohesion: C = 5 KN/m2

Angle of internal friction:  = 16o

Pore pressure: Ru = 0.2 and 0.5 
Overall internal dump height: Hd = 120 m 
Slope angles:  = 8, 6 and 4 degrees 
FS for overburden dumps according to state legislation: 1.5 to 2 in case of fracture or slides 
Operating time of dewatering system until failure (2): Tod = 1/a = 3 years
Renewal time of dewatering system (3): Trd = 1/b = 0.1 year for 80 and 0.06 year for 60 and 40

Return period of an uncontrollable catastrophic event: Tr = 40 years (p = 1/Tr)
Analyzed period: 5 years 

Figure 6 Opencast coal mine Tamnava-West overall internal dump slope stability calculation for angle  = 4o, FS = 2.21, 
PF = 0 (left) and for angle  = 6o, FS = 1,52, PF = 0 (right) and Ru = 0,5 
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The calculated FS values (Figures 2 and 5) for pore pressures of 0.2 and 0.5 were obtained using 

Rocscience software, Slide 6.0, and are given in Table 1. 

Table 1 Calculated FS depending on slope angle and pore pressure 

Hd (m) 
Ru  (o) 

4 6 8 
0.2 3.51 2.41 1.83
0.5 2.21 1.52 1.15

It is noticeable that for the projected internal dump slope 8o angle, the legal condition for pore pressure 
of Ru = 0.2 is met because FS = 1.83 > 1.5. However, FS for a pore pressure of 0.5 is not satisfactory. The 
value of FS in relation to fracture or sliding, for slope angles of 6o and Ru = 0.5, is within limits - but with higher 
risk, while for overall slope angles of 4 degrees FS = 2.21 and is completely satisfactory. 

Determining the probability of slope stability safety state (non-failure state) was performed on the 
basis of product probabilities in relation to influencing factors. The probability that there will be no slope failure 
(PnF) from the basic software stability calculation with calculated PF is obtained from the expression PnF = 1 - 
PF. The probability of operation until failure of the dewatering system was obtained from formulas (2), (3) and 
(4) with better functioning and shortening renewal time from failure from 0.1 to 0.06 year for the 60 and 40

slope angles in comparison to the 80 angle. The catastrophic event probability occurrence for a return period of 
40 years in the next period of 5 years was obtained from formula (5). In the specific analysis, the total 
probabilities of slope stability safety state for given angles in the next 5 years of opencast mining operation 
was calculated according to formula (6). Probability of slope stability failure state for given angles was obtained 
from formula (7). The results are shown in Table 2. 

It is estimated that the consequence of slope stability failure state includes the cost of repairing the 
collapsed slope masses of Cv = 9, 8 and 7 Mm3 for overall slope angles 80, 60 and 40, at a price of 2 Euro/ m3,
equipment and infrastructure repairs and reconstructions Cr = 3, 2 and 1 M Euro for overall slope angles 80, 60

and 40, possible loss of production Cp = 4, 3 and 2 M Euro for overall slope angles 80, 60 and 40 i loss of 
human life or damage to health Ch = 0.5 M Euro. All results are shown in Table 2. 

Opencast coal mine Tamnava-West overall internal dump slope stability risks for slope angles 8, 6 and 
4 degrees are (1): R8 = 7.65, R6 = 3.01 and R4 = 2.45. 

Table 2 Probability of slope stability safety state in relation to influencing factors on slope stability and 
corresponding consequences (Euro) 

Slope angle
(deg.) PnF = 1-PF Pod

(2), (3), (4)
Poc
(5)

Pss3
(6)

Pfs3
(7)

Cv
M Euro

Cr
M Euro

Cp
M

Euro 

Ch
M

Euro 

C
M Euro

(8) 
R (1)

8 0.82 0.97 0.88 0.70 0.30 18 3 4 0.5 25.5 7.65
6 1 0.98 0.88 0.86 0.14 16 2 3 0.5 21.5 3.01
4 1 0.98 0.88 0.86 0.14 14 1 2 0.5 17.5 2.45

Compared to the overall slope failure risk with an angle of 80, the risk for a slope of 60 was reduced by 
61%, and the slope failure risk with a  40 angle was reduced by 68%. Having in mind the significantly increased 
factor of stability, it is clear that the option of forming an internal dump with an overall slope angle of 40 is the 
most acceptable. It is noticeable that the greatest influence on the change of the total probability of slope 
stability failure has the software calculated probability of failure, so it is necessary to pay special attention to 
the most accurate estimates of the input geomechanical parameters. The current stable state of opencast 
mine internal dump shows that this planned change is very successful. 
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Conclusion

Ongoing climate changes accompanied by heavy rainfall and opencast mine flooding leads to a 
significant deterioration of geomechanical characteristics, especially when it comes to the overburden 
materials of internal landfills. This conditions certain changes in the approach to the calculation of allowable 
values of impact factors included in the case study such as stability factor, degree of saturation, return period 
of extreme weather events and functioning of the dewatering system. The case study presented the possibility 
of applying the probabilistic model of optimizating internal dump overall slope angle in the function of risks 
obtained on the basis of product failure probabilities in relation to impact factors and related serious 
consequences. Practical analyzes have shown that it is extremely important for risk calculations to perform 
continuous internal dump monitoring, geomechanical research and laboratory analyzes to verify the input 
parameters, as well as the most accurate continuous assessment of possible concepts. The results of the 
analysis and constant monitoring of the situation on the ground show that mitigation of overall slope angle with 
slight modification of internal dump construction to mitigate overall slope angle and dewatering system 
corrections, provide the permitted safety factor of stability and safe operation of opencast coal mine Tamnava-
West Field even in extreme weather. 
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ABSTRACT 
Ellatzite Open-pit Mine is typical for its large scale of excavation work. The various lithology, specific 
geotechnical areas and the large variety of strength values of the excavated rock mass have significant impact 
on the velocity of propagation of the seismic waves from drilling and blasting activities. Depending on the 
environment of propagation of the seismic waves, there can be seen residual deformations, different in type 
and distribution that have direct influence on the stability and right geometry of the non-operational boards in 
the mine. The design of drilling and blasting activities and the analysis of the propagation of the seismic waves 
during these activities contribute to their optimal management in the final pit boards.
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31  2021 . 625 1210 2494 304 225 45,0 45,01 6,4 183,5 3,5
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 3,5 m.  „ “  15 .

 d=165 mm  d=250 mm .
d=165 mm  5 m x 4 m. ,  L=5 m  50 kg 

 3 m . ,  9 m 
.  d=165 mm  5 m .  d=250 mm 

 7 m x 6 m  11 m. 

.8. =5 m 
, .

4. ,
 „ - “ “.

, :
- - ,

.
-  5 

 „ “.  

S/N
Cp min ,

m/s
Q, kg L , m V, mm/s R, m/kg1/3 K -

02  2021 . 625 985 2500 75 850 40 233,77 4,2 416,8 5,9
02  2021 . 626 985 2500 75 850 50 146,83 5,3 409,1 5,2
09  2021 . 624 985 2500 74 730 40 94,57 4,4 186,6 4,6
09  2021 . 625 985 2500 74 730 50 104,17 5,6 321,2 4,7
09  2021 . 626 985 2500 74 730 55 69,66 6,1 259,9 4,2
15  2021 . 626 1150 2500 192 292 29,0 370,00 4,4 707,0 6,6
15  2021 . 535 1150 2500 192 292 31,0 180,00 4,7 393,0 5,5
15  2021 . 536 1150 2500 192 292 63,0 38,00 9,5 342,7 3,3
17  2021 . 624 1150 2500 200 770 24,0 353,49 2,6 242,4 6,5
17  2021 . 625 1150 2500 200 770 22,0 265,86 2,4 153,2 6,1
15  2021 . 625 1180 2494 222 380 28,0 58,60 3,9 87,6 3,9

03  2021 . 626 1180 2494 262 520 27,0 305,12 3,4 344,0 6,3
05  2021 . 625 1180 2494 266-268 900 30,0 137,17 3,1 132,4 5,1
05  2021 . 626 1180 2494 266-268 900 30,0 105,40 3,1 101,8 4,8
12  2021 . 624 1180 2494 271 880 20,0 329,63 2,1 143,6 6,4
12  2021 . 625 1180 2494 271 880 20,0 417,36 2,1 181,8 6,7
31  2021 . 535 1180 2494 307- 160 30,0 132,70 5,5 405,2 5,1

18  2021 . 625 1150 2500 390+392- 300 25,0 146,22 3,7 203,9 5,2
18  2021 . 626 1150 2500 390+392- 800 25,0 264,67 2,7 192,0 6,1
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MINING GEOLOGICAL EXTRACTION OF MINERALS OF EARTH BOWELS 

Georgi Konstantinov – e-mail: konstantinovgp@abv.bg 
Ognian Kovandjiiski – e-mail: kovandjiiska@yahoo.com 

ABSTRACT 
It is presented the geological extraction of minerals of earth bowels by extension drilling and mining – by the 
development of open-pit mines for the winning of minerals. In this article are included the deepest open-pit 
mines in the world.

1.
-

.
,  . 
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 2 1030 kg,  696 . km ( 2 – 90%,  – 10%). 
 149,6 . km 

(  – 147 . km,  – 152 . km). 
 365,24 .

 510,2 . km2  5967  1021 kg.  5,52 g/ 3,
 – 1 g/ 3,  –  0,00129 g/ 3.

 3000 km  9  11 g/ 3.
 2,5  2,8 g/ 3,  -  2,9  3 g/ 3.
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 105 .
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•  46 m, ,
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.  24 ,

, .
, .
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- .  12000 m 

.
, .

 212  F, 100 ,
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 1. -
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DIMENSIONING THE SLOPES OF THE  FOURTH WASTE DUMP LEVEL UNDER CONSTRUCTION IN 
THE FIELD OF TROYANOVO-NORTH MINE 

Ivailo Vasilev, Yasen Chaushev, Iliya Karagyaurov 
E-mail: ivailo.vasilev@marica-iztok.com; yasen.chaushev@marica-iztok.com; ilia.karagiaurov@marica-

iztok.com

ABSTRACT 
The current working zone of As-6300 No. 281 has a precisely defined heaping  capacity. After this capacity 
has been fully used, it is obligatory to ensure a new working area  for heaping in disrupted spaces and terrains 
already existing in the field of Troyanovo-North mine. The new heaping area assigned for As-6300 No. 281 is 
located in the internal dump of the mine. There a fourth waste  dump level will be formed and developed by 
means of upper and lower heaping. Before the construction of the fourth waste  dump level commences, 
preliminary stability dimensioning of its highwalls has to be carried out, taking into account the complex 
conditions for heaping and development there. 
The report provides the results of slope dimensioning of the new working area embankment where As-6300 
No. 281 heaps. The stability calculations have been made by using a scheme with an active and passive earth 
pressure prism  and a central block.

 „ - ’’ ,
. .  144 

2 - .

.
, .  2022 ,
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PREDICTION OF DYNAMIC PHENOMENA IN COAL MINES 

Lyudmila Pimonenko1, Nataliia Vergelska2
1Institute of Geotechnical Mechanics of the National Academy of Sciences of Ukraine, Dnipro 

2 State Institution "Scientific Center for Mining Geology, Geoecology and Infrastructure Development 
of the National Academy of Sciences of Ukraine", Kyiv, vnata09@meta.ua 

ABSTRACT 
The issues of forecasting and preventing dynamic phenomena in coal mines, despite decades of research, 
remain insufficiently studied. The nature of dynamic phenomena is far from being known, and as the depth of 
mining of coal seams increases, the phenomena become more and more formidable and, as a rule, 
unpredictable.
Most of the dynamic phenomena are related to the stress state of the massif and the peculiarity of its gas 
saturation, which is partly explained by the state of sedimentary rocks. In sedimentary rocks or crystalline 
fractured, the number of parameters characterizing the stress state of rocks at depth increases. 
Studying the dynamic processes of different intensity in the coal rock massifs of the Donets Basin, it was found 
that the main factors that provoke them should include anomalously high formation pressures, stress state and 
gas content of the massif. 
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TECHNOLOGICAL SITES DIMENSIONING  OF WORKING FLANK BENCHES AT TROYANOVO-3 MINE 

Eng. Georgi Vladislavov, g_vladislavov@r3.marica-iztok.com 
Eng. Krasimir Kadifeikin, k_kadifeikin@r3.marica-iztok.com
Eng. Stilyan Stoyanov, stilian.stoianov@r3.marica-iztok.com

Troyanovo-3 mine, Mini Maritsa Iztok EAD 

ABSTRACT 
The main production activity of  Troyanovo -3 opencast mine includes actions   related to the mining  and 
transportation of the mineral – lignite – to the main consumer ContourGlobal Maritsa East 3 TPP, and to the 
external storage facility of the mine,  as well as the extraction, transportation and heaping of the unproductive 
overburden into external and internal dumps. The equipment for carrying out these activities (heavy mining 
equipment, auxiliary mechanization, linear equipment) is  located at the technological sites of the mine working 
flank benches. In order to guarantee safe operation and to ensure the reliability of  production activity 
implementation, these sites have to be dimensioned against deformations.
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. 1 

. .

[g/cm3] [ N/m3] [ Pa] [deg] [ Pa] [deg] 
- 1,90 18,6 0,047 7 0,06 7 

. 1  (3) 90 = 5,70 m.   

. 2 
-  - 

 ( 90)  ( ).

. 2.  „ -3“ 

. 2 
.

. 2

 = 15 m 
45 50 55 60 65 70 75 

a 2,45 2,95 3,45 3,98 4,54 5,15 5,81 
 = 16 m 

45 50 55 60 65 70 75 
a 3,09 3,60 4,12 4,67 5,26 5,89 6,57 

 = 17 m 
45 50 55 60 65 70 75 

a 3,72 4,25 4,79 5,36 5,97 6,62 7,34 
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 = 18 m 
45 50 55 60 65 70 75 

a 4,35 4,90 5,46 6,05 6,68 7,36 8,11 
 = 19 m 

45 50 55 60 65 70 75 
a 4,98 5,55 6,13 6,74 7,39 8,10 8,88 

 = 20 m 
45 50 55 60 65 70 75 

a 5,62 6,20 6,80 7,43 8,10 8,84 9,64 
 = 21 m 

45 50 55 60 65 70 75 
a 6,25 6,85 7,47 8,12 8,82 9,58 10,41 

 = 22 m 
45 50 55 60 65 70 75 

a 6,88 7,50 8,14 8,81 9,53 10,31 11,18 
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THE FEATURE OF THE REVITALIZATION AND LAND-RECLAMATION WITH SELECTIVE DUMPING IS 
REDUCED TO SEPARATING THE FERTILE SOIL WHEN CARRYING OUT THE OVERBURDEN MINING 

AND ITS SPREADING OVER THE SURFACE OF ALREADY DEPOSITED WASTE MASS 

1 Sasa Ilic
1 Faculty of Mining and Geology, 11000 Belgrade, Serbia; E-mail: sasa.ilic@rgf.bg.ac.rs 

ABSTRACT
This period is characterized by the minimization of income, lack of investments, followed by deteriorated work 
conditions, and accordingly, significant decrease in reliability of work and availability of capital mining 
equipment, as well as the reduced and delayed overhaul. 
Keywords: Land-reclamation, Kolubara and Kostolac basin, selective mining of solum, bucket wheel 
excavator.

INTRODUCTION 
Land-reclamation, from the general point of view, covers the renewed establishment of plant communities 
(vegetation) over the surfaces remaining after coal exploitation. Land-reclamation may be carried out 
periodically (discontinuously) or continually through following the mining activities. Under EPIS conditions it 
has discontinuously been carried out.
Mostly, it is impossible and not required that by land-reclamation process the area be restored identically to 
the previous status prevailing before coal exploitation. The selected method of land post-utilization must fulfil 
the requirements of local inhabitants, the needs of natural environments, the properties of the newly-formed 
land, post-exploitation stratigraphy and costs, namely the cost price. To achieve all the above mentioned, the 
following should clearly be defined: 

Preservation strategy, either of integration or of partial type? Partial preservation strategy prevails 
worldwide, resulting in estimates of priority areas for preservation of species and natural environments. 
Within the areas where the restoration for protection of nature would be carried out, the main targets should 
clearly be defined, whether being either preservation of the natural process or preservation of species 
(biodiversity)
As concerns the areas not classified into the priority category, the solutions of co-existence of land 
recovery and its preservation should be found out. 

Apart from the regulations, the important factor for a successful land-reclamation represents both the 
ownership and the way of financing. Expropriation of land (predominantly of the agricultural soil in the 
Kolubara and Kostolac basin) purchased from the farmers should be reclaimed for agricultural purposes and 
change with farmers on the occasion of new expropriations for further development of open pit mines. The 
social lands, the lands in the vicinity of settlements, should be used, apart from agricultural purposes, for 
forests, parks, recreation complexes, animals and plants environments, for industrial capacities, residential 
building, sports fields and similar.
The owner of the entire degraded land is EPIS. For the two main reasons, financing of the works of 
reclamation, should be partially carried out from the public sources, as well. The primary reason being that the 
national feasibility, namely general well-being, is that over almost 9,000 hectares (so far) of degraded land by 
the surface exploitation, natural and economic-production functions be returned. The second one being of a 
moral attitude, representing the deserved reduction of the EPIS costs for rehabilitation of the exploited space, 
as the EPIS over decades allocated and is allocating large funds to the state budget on the account of legal 
obligations “on payment of indemnity for changes of the purpose of agricultural soil utilization. 
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Establishing of a good vegetation cover is conditioned by chemical properties of the soil, by texture, structure 
and compactness, by the medium for sprouting and growing of plants, good approach to the water and 
drainage. Providing a favourable environment for the root system represents a key point of a successful 
reclamation. The layer of a natural fertile land over the surface (solum), renders wider possibilities for 
reclamation option and successful land-reclamation. The worst alternative represents the impossibility that a 
layer of original fertile soil (O and A horizon) be preserved. 
In such cases, the success of land-reclamation is limited. Selective mining and dumping of the layer of fertile 
soil represents the best solution and guarantee of a successful land-reclamation, as well. 
The above stated completely explains (support) the necessity, urgency and importance of preparing of this 
Study, and indicates that the problems concerning the selected excavation and dumping of overburden along 
the coal open pit mines in EPIS, land-reclamation, revitalization and spatial arrangement of the soil of 
exploitation fields, should be in a function of a feedback and the observed multidisciplinarity.  
The complexity and demanding tasks of this Study conditioned the multidisciplinary structure of the 
professional team, being composed of 24 experts from the various scientific fields: mining, geology, 
agriculture, forestry, spatial arrangement, landscape architecture, melioration techniques, protection against 
erosion, pedology, economy, estimation of risk and computer science. 
Along with the experts from the Engineering Academy of Serbia and Montenegro, the experts from the Faculty 
of Agriculture, the Faculty of Forestry and the Faculty of Mining and Geology, the Institute of Forestry in 
Belgrade and the Electric Power Industry of Serbia, also took part during the research works. 
All the stated tasks have been completely achieved as per the contents and structure of the Study and are fully 
given in the Program of the same. 

PAST TECHNOLOGY OF OVERBURDEN AND COAL MINING 
Production of coal represents one of the two most predominant production activities of EPIS. In the total 
production of electric power energy (capacity 7,066MW) 55.7(%) (or 3,936 MW) accounts for lignite. Out of the 
total number of the 52,000 employed in EPIS, about 25,000 is engaged in coal production. At the beginning of 
the 1990s, along with the imposing the sanctions within the country, the coal production at open pit mines 
decreased from 35 to either 28 or 30 million tons per year. This period is characterized by the minimization of 
income, lack of investments, followed by deteriorated work conditions, and accordingly, significant decrease in 
reliability of work and availability of capital mining equipment, as well as the reduced and delayed overhaul. 
Due to the lack of money resources, the required expropriation is not carried out and land-reclamation of the 
degraded surfaces is almost completely suspended. The heat values of exploited coal reserves in these two 
basins amounts to 19.829x1015(kJ). being the equivalent to the heat from 483.42x106(t) crude oil.
Coal exploitation, mining, conveyance and dumping of overburden at open pits is carried out by continuous 
technology. The common characteristic of the applied work technologies at open pit coal mines of the 
Kolubara and Kostolac coal basin, is that the same have not been designed for selective mining and dumping 
of overburden. 
From the point of view of the target aim of the subject Study, this fact opens a large and demanding 
engineering problem of analysis and estimation of selective mining and dumping overburden feasibility. 
Selective mining and dumping of overburden of heteregoneous lithological composition has conflict-
multicriterion dimensions where effects of possible solutions should be considered through the problem of 
land-reclamation and revitalization of the spaces exposed to exploitation works and cost-profit analysis. 

PAST BIOLOGICAL LAND-RECLAMATION AT OPEN PIT MINE AREAS 
Land-reclamation at open pit mines in the MB of Kolubara: At open pit mines of the MB Kolubara, the land 
surface under waste dumps is 3,580.5(ha) and 1,150.8(ha) or 32.14(%) is land-reclaimed. The Table 3.1.1. 
gives a specified structure of occupied and land-reclaimed surfaces per open pit mines. Out of total land-
reclaimed surfaces, the share of forests is 870(ha) or 76(%), the share of fields and plough-fields is 241.9(ha) 
or 21(%), the share of orchards is 16.7(ha) or 1.5(%) and arboretums, the share of classified under agricultural 
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land-reclamation with horticultural parks is 22.2(ha) or 1.5(%), namely 24(%) accounts for agricultural land-
reclamation. Such a relation between agricultural and forest land-reclamation has, in some way, an 
explanation, should the fact be take into account that the forest eco-systems are of the largest importance for 
protection and maintenance health of the living environment, without which the ecological balance in nature 
could not be imagined.
Land-reclamation at open pit mines within the Kostolac basin: The initial works on land-reclamation 
started in 1970 at the open pit mine of “Klenovnik”. Since 1980, the technical land-reclamation-arrangement of 
waste dumps has started. The deposited dump soils at the waste dumps of Kostolac basin are stretched over 
about 1,435 (ha), the biological land-reclamation covers 32.2(%), all in all not being sufficient as regards the 
necessity for restauration of vegetation eco-systems, landscapes as well as the protection of living 
environment, protection of settlements located in the near vicinity of open pit mines and thermo electric power 
plants, and the surrounding environment of the same. 
As regards the structure of surfaces where the biological land-reclamation was carried out, the forest land-
reclamation covers 318(ha) or 68.5(%), agricultural land-reclamation covers 144(ha) or 31.5(%), namely crops 
share is 31(%), while the orchards account for 0.5(%). 

POSSIBLE TECHNOLOGICAL PROCEDURES OF SELECTIVE MINING OF SOLUM OR ITS PART FROM 
OVERBURDEN

Land-reclamation of waste dumps of the Kolubara and Kostolac open pit mines represents a set of works at 
the waste dump surfaces by which the deposited masses are prepared as the soil suitable for returning to the 
original natural functions aimed for agricultural development, forestry and other useful purposes. In order to 
make land-reclamation a successful one, the same should meet the functional and economical requirements 
(criteria), should be technically and biologically feasible with the aim to arrange the surface and create multiple 
purposes soils. 
For economic and technical reasons, the technical land-reclamation in principle, should be adjusted with mine 
works at open pit mines, namely it should be carried out simultaneously with the mining and dumping of 
overburden works. Technical land-reclamation with selective mining, conveyance and covering of fertile soil 
(solum) at the final waste dump surfaces might be carried out: 

Unified (simultaneous) with the technological process of mining, conveyance and dumping of overburden 
from the highest pit level, 
Separated (individual) from the technological process of mining the overburden at the open pit mine. 
Mining of fertile soil (solum) is carried out separately in front of the system for overburden mining at the 
highest open pit level, as well as the conveyance of fertile soil from the open pit mine to the waste dump 
and dumping. 

Unified selective mining, conveyance and dumping of solum incorporates utilization of available ECS 
system equipment running at the top level of the open pit mine. Bucket wheel excavator running at the top 
level (under terrain surface) in the height block selectively mines the solum. In the first cut of the height block, 
with the cut height equivalent to the thickness of solum, the excavator mines the fertile soil, that further on is 
conveyed by the existing conveyors up to the spreader at the waste dump. The spreader deposits the solum 
mass over the top part of the dumping mass thus forming the surface with fertile soil required for biological 
land-reclamation. Upon completion of one cycle of bucket wheel excavator mining of solum (deep down to the 
full cut depth), the excavator continues with mining of the remaining part of overburden in the height block. The 
spreader deposits those masses in the height block at the dump, representing a basis for the next solum 
laying.  

CONCLUSION
The model of unified manner of working of ECS system with selective mining of fertile soil in function of waste 
dump land-reclamation consists of: The bench of bucket wheel excavator running at the open pit directly below 
the terrain surface, should be divided vertically so that the first cut excavates only the fertile soil,while the other 
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cuts excavate the waste being below the fertile soil. In relation to the technological scheme of non-selective 
mining, this scheme differs in change of the bench height also. Significantly lower thickness of the fertile soil, 
compared to the diameter of the working wheel of the bucket wheel excavator, causes the height of the first 
cut to be lower than the optimum one. The block height of the bucket wheel excavator with selective mining of 
fertile soil is reduced between 5 and 10(%), depending on the working wheel. All other technological 
characteristics of the excavated block remain unchanged. By reducing the height of the first cut to the 
thickness of the fertile soil, the capacities of the bucket wheel excavator are also reduced. The analysis shows 
that the entire capacity of the bucker wheel excavator in the height block, during selective mining of the fertile 
soil, is reduced between 5 and 20(%). With conveyance during the selective mining of the fertile soil, no 
changes occur, except the reduced utilization of the installed capacity in the phase of solum mining, that 
otherwise reduces the entire capacity efficiency of the ECS system by the same percentage appearing with 
the bucket wheel excavator. Technological running scheme of the spreader that selectively dumps the fertile 
soil and waste differs in relation to the scheme of non-selective overburden mining. The height block of 
spreader remains unchanged according to the height. The width of the block is reduced in order to provide for 
the smooth conveyance of the spreader in the phase of the fertile soil spreading. The length of the spreader 
block (for one cycle of the bucket wheel excavator) is longer and is also in function of decreasing the block 
width.
Determining the dimensions of the spreader block should be grounded on the equalizing the volume of the 
mining block and dumping block, taking into consideration the coefficient of loosening, mass quantity of the 
fertile soil and waste, as well as the condition that the spreader might smoothly lay the fertile soil over the 
waste. The dumping process is carried out in two phases. In the first phase a block from waste is formed being 
excavated by the excavator below the fertile soil. When the bucket wheel excavator started cutting the fertile 
soil, the spreader moves along previously formed waste block and continuously spreads the fertile soil over it. 
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A STUDY OF THE RELATIONSHIP BETWEEN THE QUARRYING DIRECTION AND THE ORIENTATION 
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ABSTRACT 
Based on the obtained results from studying the discontinuities of the rock mass for the “Kazanite-1” rhyolite 
quarry, a block model is created which reflects the orientation of joint planes. The block model serves a basis 
for the investigation of an optimal quarrying direction which ensures a maximum value of the yield. For the 
purpose, the block model approach is based on a predefined cutting pattern. Apart from the different quarrying 
direction, different origin points for the block models have been considered and their influence on the yield has 
been studied. 
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Introduction
The yield of extraction of stone blocks is one of the main metrics used for obtaining a quantifiable 
measurement of how efficient a quarrying operation is. It is highly depended on two groups of factors: natural 
and artificial (I. Koprev, 2016). Natural factors include the naturally occurring discontinuities in the rock mass, 
ornamental properties of the rock as well as the orientation of crystals in the structure of the rock.  
Discontinuities, as one of the most frequently occurring phenomenon, unavoidably cause the rock to fracture in 
the pre-existing orientation of the naturally occurring joints and discontinuities. This leads to the extraction of 
dimension stone blocks with irregular shapes which do not necessarily coincide with the desired predefined 
shape of the stone block. Furthermore, the artificial factors include the choice of design parameters of the 
quarry, the established quarrying direction, the cutting pattern for obtaining stone blocks, as well as the 
technology utilised for cutting and extracting stone blocks. However, the orientation of the quarrying direction, 
as well as the cutting pattern are one of the main reasons why certain quarries achieve a higher yield. The 
best course of action is to align the quarrying direction to the orientation of joint sets (families), but in some 
cases the exact direction is not entirely evident. Therefore, numerical methods are mandatory for the 
estimation of an optimal quarrying direction for the purpose of maximising the yield. However, it should be 
pointed out that the yield is not the only metric used to estimate the efficiency of the quarrying operation. M. 
Elkarmoty et al. (2020) point out that the result of the optimisation problem of estimating the best quarrying 
direction can differ in the cases where a maximum yield is obtained, compared to the solution with a maximum 
revenue. Nonetheless, this study utilises the yield as a key performance parameter for the efficiency of the 
quarrying operation, depending on different scenarios of possible quarrying directions. 
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Studied quarry

“Kazanite-1” is a rhyolite quarry which is situated on the Northern slope of Central Rhodopes Mountain, in the 
region of the Debrashtitsa village (Pazardzhik Province). The rhyolites are dated from the Oligocene and are 
characterized as massive with a spheroidal weathering and fluidal texture. The colour of the rhyolite is light 
pink to greyish pink. The main rock-forming minerals are potassium feldspar, quartz, biotite amphibole, while 
the secondary minerals include apatite. The rock’s density is 2.6 ÷ 2.62 t/m³. Compared to other igneous rocks 
such as granites, sienites and diabase, the rhyolites have a relatively lower compressive strength. This is due 
to their chemical and mineral composition, as well as their structural and texture features. Their compressive 
strength for the studied conditions vary in the interval between 97 and 175 MPa. In terms of production, it has 
been established that the “Kazanite-1” quarry is situated in an area of a discontinued rock massif of collapsed 
rhyolite boulders with a varying size. However, the deposit’s reserves are categorized as suitable for the 
extraction of dimension stones for construction purposes.  

Extraction process
The primary extraction of rhyolitic blocks is performed manually by stone wedges and after the block is 
separated from the slope, an excavator is used for the separation of the block. Despite the fact, that utilizing 
an excavator for this purpose may prove to be a sub-optimal solution due to the deriving losses of stone, the 
overall yield of the quarry is relatively low and varies for the different sectors of the quarry. Furthermore, the 
accessibility to the quarry is hindered by the poor quality of forestry roads and meteorological conditions. On a 
national scale, these conditions are similar to other rhyolite quarries, which lead to the utilisation of a cheap 
extraction technology for the remaining period of exploitation.  It is widely known regarding dimension stone 
extraction that the use of diamond wire cutters or saw cutters lead to lower revenues for smaller dimensions of 
the extracted block. Therefore, they are more suitable for quarries which have higher productivity as well as 
higher volumes of extracted blocks. Even though many rhyolite quarries were unable to maintain an economic 
suitability of their operations, “Kazanite-1” has undertaken different approaches to optimise the quarrying 
operation in terms of the utilised technology for extraction, but also in the short-term planning of the quarrying 
direction as well. One of the cheaper ways of extracting dimension blocks is the controlled use of expanding 
chemical compositions. Compared to blasting the use of expanding compositions is not effective in softer rock 
formations, however it could be used effectively in marble, breccia, granite and other harder rock types. The 
utilised drillholes are with a diameter of 32 ÷ 55 mm. It has been previously established that the use of a 
smaller diameter does not improve the volume expansion of the composition. Furthermore, it is not substantial 
for maintaining consistent cracks between drillholes. The utilised spacing between drillholes is 100 ÷ 400 mm 
and 400 ÷ 600 mm between the first drillhole and the free face. In most cases the length of the drillholes varies 
between 2/3 and 3/4 of the bench height and on rare occasions it reaches the full height of the bench. The 
height of the blocks is relatively small (2.5 ÷ 3 m), compared to other quarries. Due to the varying depth of the 
overburden, in some cases the height of the fresh rhyolite rock may assume greater values. In such cases the 
stone blocks are extracted at two sub-levels of the bench. The time for the chemical composition to fully 
separate the stone block from the bench is between 15 and 72 hours depending on the brand of the expanding 
mixture, the hardness of rocks, as well as the temperature. The time of expansion can be further optimised 
given that the spacing between drillholes is reduced. However, this scenario leads to reduced overall 
productivity, as well as the increase of operational costs. Furthermore, the extraction of stone blocks can be 
improved by the presence of horizontal drillholes which are not filled with the chemical composition. 

Numerical models in the extraction of dimension stone blocks and quarrying operations
Regarding the problem of estimating the yield of the quarry or the volume of in-situ blocks, there are numerous 
papers focusing on different aspects of optimising the quarrying operation in terms of estimating an optimal 
quarrying direction and cutting pattern but only recently have the approaches based on numerical methods 
emerged.
Previous experience in the field of quarrying in Bulgaria have used joint sets analysis for the estimation of the 
boundaries of the zone suitable for quarrying, as well as failing wedge analysis for the estimation of a suitable 
bench height (I. Koprev, E. Aleksandrova, 2008). Experimental studies in the “Mizia” limestone quarry have 
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identified the linear yield of the quarry by using data from drill cores. Furthermore, different scenarios for the 
bench height have been established which have been compared by calculating the linear yield coefficient (I. 
Koprev, E. Aleksandrova, 2018). As easy for implementation these methods may be, they do not provide an 
answer to the main question of what the expected yield would be on a volumetric base, as well as the 
estimation of the actual direction of quarrying based on the volumetric yield ratio. Therefore, the use of 
numerical methods tends to be superior as they can directly quantify the yield given a certain quarrying 
direction and predefined cutting pattern of the blocks. 
Previous studies on the same topic have used well-established algorithms and numerical models which 
provide a good level of understanding how the yield of regular shaped stone blocks is affected by the 
dimensions of the desired block as well as the direction of cutting.
A viable numerical method (3D-BlockExpert) is presented by S. Mosch et al. (2011). The purpose of their 
model is to evaluate the volume of unfractured blocks given an already established data set of the occurring 
joint planes. The body is split into identically sized cells or voxels (volumetric pixels) with a size of 12.5 cm. It 
assumes the same colour for multiple voxels depending on a numerical procedure to them, which collectively 
forms an individual in-situ block. After modelling the tessellation, the volume of each block is computed by the 
sum of the voxels’ volumes. The model is a viable instrument and is used to this day. The 3D-BlockExpert 
software was successfully implemented in quarries in Germany and Spain in different lithologies in such as 
sandstones, limestones, slate and granites (Schneider-Löbens et al, 2022).
M. Fernández-de Arriba et al. (2012) described a custom computer program which serves as a tool for 
estimating the best direction for cutting. The input of the program requires the dip angle, dip direction and the 
spacing between joint sets (families), as well as the pattern of the cuts. The program automatically makes 
calculations for different scenarios of the orientation of the cuts and obtains the maximum yield value. The 
same approach can be used for bigger and smaller sized of the stone blocks as well as a different size of the 
predefined volume boundary. However, the authors understand that this approach requires a deep 
understanding of the geotechnical state of the quarry, as the spacing may vary between families. 
R. Yarahmadi et al. (2018) have utilised a similar approach to ones of S. Mosch et al. (2011) and M. 
Fernández-de Arriba et al. (2012) regarding the use of in-situ blocks. However, the extracted stone blocks are 
classified in 4 groups depending on their volume and shape (best quality, good quality, medium quality and 
waste blocks). Nonetheless, they also measured the orientation of individual joints and have established a 
structural model where the volume and shape factor of each in-situ block is calculated. By obtaining the 
number of blocks per category, depending on the quarrying direction, the best solution out of the considered 
cases is identified, based on the total volume of non-waste blocks. In a similar fashion to the one utilised by M. 
Fernández-de Arriba et al. (2012), M. Elkarmoty et al. (2020), have applied a division of the extracted block 
shape into separate slabs. However, this approach is more practical due to the inclusion of individual joints 
and fracture, obtained by a geo-penetrating radar (GPR) (M. Elkarmoty et al., 2018). The same approach is 
also utilised by the same authors for a larger scale when studying the intersections of each joint plane with 
each extractable stone block. A simple, yet effective is their approach of using Boolean values representing 
intersected blocks by joint planes for a model. In a similar fashion to M. Elkarmoty et al. (2020), E. Sirin et al. 
(2021) demonstrated a custom model in their paper which resembles a block model, similar to the one used in 
ore mining operations. Similarly, the input variables include the desired size of the extracted blocks, as well as 
the joint planes. Therefore, this approach proves to be very perspective due to the easy way of automated 
calculation of the total volume of the reserves and the volume of the non-intersected blocks to gain the value 
of the yield. 

Assumed methodology
In this study it was assumed that the optimisation problem is solved by maximising the yield of a predefined 
cutting pattern: 1,5m length, 1m width and 3m height. The problem is simplified for calculating the yield only for 
Class 1 stone blocks, which preserve the predefined shape of the stone block. Therefore, the assumptions 
marginalised the problem for the block model approach to be easily utilised in a custom manner in order to 
obtain an optimal solution for the quarrying direction. 
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The block model is a simplified representation of the spatial occurrence of certain types of reserves and waste 
rock types. It is a computer-aided approach, where certain irregular volumetric shapes can be represented and 
approximated by computer generated blocks with regular shapes. The purpose of the blocks is to represent a 
small volume of the rock mass below the surface, which also store data of certain features of interest, which 
are utilised by geologists or mining engineers. This approach is widely used for ores, representing the grade or 
percentage of metal contents, rock type attributes, etc. The blocks of such a model can be interpreted as cells 
in a 3D coordinate system (XYZ), as a block model can be established by blocks with different shapes 
(www.deswik.com). In order to define a block model a prototype is built which defines a part of the 3D space 
used for the block model itself. The “prototype” requires three types of parameter values in order to place it in 
a global coordinate system: coordinates of the starting point (also known as “origin”), rotation angle for X, Y 
and Z and values for the size of the block. When working with irregular shapes, subdivision of the original 
predefined size of the blocks is required in order to obtain a good fit of them. Usually, sub-cells are stored 
independently of their parent blocks and therefore their volumetric values vary depending on their size 
(increment values). Depending on the method used for subdivision, two approaches are widely used: Octree 
and flexible subdivision. For this case study the flexible subdivision is used, as each dimension of the stone 
block deriving from the assumed cutting pattern (1,5 x 1 x 3 m) is divided to a minimum of 10 x 10 x 10 cm 
blocks, similar to the approach used by S. Mosch et al. (2011). In terms of the application of the block 
modelling approach for this case, one additional variable must be assumed for the block model – a Boolean 
value indicating whether a certain block’s volume is equal to the nominal block’s volume. This is another way 
of introducing joint planes in the problem by avoiding a check whether the block is intersected by one, but 
rather by building the model by filling a number of solids, which represent the in-situ blocks. Furthermore, apart 
from the other authors’ approaches, this study assumes that the position of the origin of the block model can 
affects the yield of stone blocks. Models of the of the mentioned authors assume the model’s origin to be 
either the centre of regularly shaped block or the lower edges of the investigate volume. However, in the cases 
of irregularly shaped solids which represent the in-situ blocks, the choice of the origin point is not 
straightforward. This study proposes that each full-sized origin block (based on the cutting pattern) can be 
subdivided in a 3D mesh the nodes of which can be used as a starting point for the origin of the next iteration, 
given that the origin is outside the volume of the in-situ block (Figure 1). 

Figure 1. Array of nodes (obtained from the stone block’s dimensions) used a possible starting point for the “origin” block 
of the block model 

As it can be observed from Figure 1, the filled points are the ones which can be used as a starting point of the 
origin. Theoretically, there is no limit to the number of nodes utilised for obtaining different scenarios of the 
different block models origin’s positions apart from the number of iterations required for calculation. If the Z 
axis is disregarded for the purpose of obtaining alternative origin coordinates, the total number of iterations will 
be i x j, given that i and j are the number of nodes per row and column of the mesh array respectively. 
Therefore, the time complexity of such an approach can be assumed to be X², which would be computationally 
expensive for bigger stone blocks. For the sake of simplicity, in the current study we have assumed that the 
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step for the X axis is 0,375 m and for the Y axis 0,5 m. These values are approximate to the spacing of the 
drillholes used for splitting blocks and the distance between the first drillhole and the free face respectively. 
Therefore, we propose that the size of the mesh has to be related to the radius of the zone where the possible 
cracks can form when splitting the block. This assumption can be attributed to the difference in the number of 
blocks which can differ significantly given that the blocks are started to be cut with an offset from the bench 
slope. In addition, due to the spheroidal weathering of the rock mass, layers may tend to peel off the quarry’s 
face. Therefore, the approach of using a non-stationary origin point of the block model is crucial for this 
operation.  From a practical standpoint, this can be interpreted as the sensitivity of the quarrying direction 
whenever fracturing and stone block extraction does not occur as smoothly as planned.

Results
Based on a previous work of establishing an accurate 3D model of the slope of Bench 1 for the  
“Kazanite-1” quarry, a digital model of the slope was utilised for mapping the planes of the discontinuities 
(Figure 2). 

Figure 2. Bench face of the studied area from the “Kazanite-1” rhyolite quarry and the observed joint planes, intersecting 
the face 

The block model approach is suitable for utilisation in the cases of quarrying operation due to the good 
representativity it has regarding the regular shape of extractable dimension stones blocks. Furthermore, this 
approach can further be extended into transforming the geological block model into an economical model 
when applying certain values regarding the revenue each extractable block possesses in different scenarios 
regarding the utilised technology for extraction and transportation. For the purpose of this study, a geological 
block model is established for the area of interest of the quarry which is bounded by the reserves’ boundary 
and a boundary drawn for the area of interest for the study. The block model is created as a preliminary study 
of the efficiency of the utilised technology for the available reserves of Bench 1 of the quarry, where they are 
not covered by overburden. For this study the irregular shape of the quarry’s face has been simplified to match 
a smooth surface, based on the toe and crest of the bench in order to avoid the fitting of irregular sized block 
in the block model, matching the surface of the slope. The face angle was established to be 74°, which was 
maintained as an input simplified digital model of the reserves as shown in Figure 3. 

Figure 3. Discontinuities of the studied area and division of the rock mass into extractable blocks (left). Optimal quarrying 
direction providing maximum yield of a predefined cutting pattern (right) 
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The assumption of this paper proves to be right, that the change in the location of the block model’s origin can 
lead to different outcomes of the yield, as seen in Figure 4. The darker coloured blocks are the ones which 
have the maximum volume of the predefined stone block, while the lighter ones are intersected by a joint plane 
or have a lesser volume and therefore are of a lower class. 

Figure 4. Possible difference in the yield depending on the position of the block model’s origin 

The presented cases follow a same quarrying direction and yet they provide different yields depending on the 
position of the “origin” block of the model. The lefthand results obtains a yield of 32% with a total of 18 
extractable blocks, while the righthand case reaches a yield of 37.5% with a total of 21 extractable blocks.  
Therefore, this parameter must be considered at all times due to its crucial role for establishing the maximum 
value of the yield and therefore the optimal quarrying direction. All the considered scenarios were assumed in 
in a 180° range, where 0° is assumed to be an advance towards North, 90° - East and -90° - West. The 
quarry’s face dip direction is 5° which lead to the investigation of two additional cases of continuing quarrying 
activities in the current direction or perpendicular to the current direction, as shown on Figure 5. 

Figure 5. Relation between the quarrying direction of the quarry and the yield of predefined stone blocks 

At a certain extent rhyolites are considered to be the effusive equivalent if granites. However, rhyolites have a 
fine-grained structure with small crystals. Due to the specific nature of the rhyolite deposit, one should keep in 
mind that the orientation of the small crystals of the rhyolite structure, reflecting the flow of magma affect the 
splitting direction of stone blocks. The crystals are known to be formed depending on the velocity of the 
magma flow and the time of cooling off once the magma reaches the surface. In this particular case the 
formation is oriented to W-E which corresponds to -85° angle in the graph. It should be pointed out that this 
leads to the remainder of only two viable options for the quarrying direction: -85° (parallel to the orientation) 
and 5° (perpendicular to the orientation). Every other option may lead to an undpredictable lower values of the 
yield due to cutting in a direction different from the one suitable for splitting. Nonetheless, these results show 
how much the results can differ given that this approach is utilized in different conditions, where the orientation 
of crystals in the rhyolite structure and therefore the suitable splitting orientation is not an important factor for 
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other quarries. Disregarding the possible reduction of the yield in the other cases of possible quarrying 
directions, the probability distribution of the yield is present by the histogram in Figure 6. 

Figure 6. Histogram representing the probability distribution the yield for the considered cases 

This graph serves as an example of how different two operations can be, when knowledge about the 
orientation of joint sets or even individual joints can affect the overall result of dimension stones extraction. 
Given that the quarry operates with limited or no information, the expected level of the yield is between 23 and 
33% (highest probability). This is due to the positive skewness of the established probability distribution of the 
yield from the generated cases of different cutting directions. Furthermore, when the quarry operates with a 
better level of understanding, the yield of stone blocks can be increased to 46%. Given that certain deviations 
occur during the extraction of stone blocks, the bench may assume a more irregular shape in the cases when 
the expanding mixtures induce cuts in an unforeseen direction, leading to the cutting of the stone block in an 
irregular shape. Furthermore, unexpected events can occur due to mistakes by the operators, which may also 
lead to unwanted outcomes. Therefore, the established case (Cutting direction: -85°) is more resilient to 
unexpected changes and therefore no change of the cutting direction would be required. A diagram is shown 
in Figure 7, showing that the best solution is also Pareto-optimal. 

Figure 7. Ranking of the considered cases for quarrying direction 

On an average level the yield of the quarry can be increased by 14.04 % from its current expected level, which 
is 47 % time higher. Therefore, the optimal quarrying direction can be assumed to be appropriate for short-
term planning given the safety of operation is maintained.   

Conclusion
From a practical standpoint, a quarrying operation may never acquire a full understanding of the structural 
state of the deposit. It has been established that certain microfractures occur in the massif. Therefore, certain 
deviations can be expected from the established block model. However, we assume that utilising this 
approach systematically after the extraction of a stone block and updating the database and the block model 
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with newly observed discontinuities, the estimation of the yield can be further précised. Furthermore, we 
assume that this approach can be further improved by including lower classes of blocks for the purpose of 
quantifying the volume of other potentially feasible blocks with sub-optimal sizes. However, the improved 
estimation of the yield from the volume of the irregularly shaped blocks would be a part of a future study. 
In conclusion, the proposed method utilizes the powerful tools used in the creation of block models of 
irregularly shaped deposits. This approach proves to be as effective as previously established models for the 
purpose of estimating an optimal cutting direction in quarrying operations or for increasing the yield of slabs or 
tiles. An important addition to the already established models, is that several cases of the position of the block 
model’s origin point coordinates have been considered in order to establish the highest estimate of the yield 
for a certain quarrying direction. The variance of the yield directly corresponds to the block model’s origin for a 
given direction. The same variance also serves as a measurement of the risk of lowering the estimated yield 
due to unexpected events on an operational level, and therefore have to be quantified for improving the 
sustainability of the decision made. Last but not least, the block model approach ensures a reduction of the 
waste generated by the quarry as well as an increase of the yield. For the current quarry, this study achieves 
an increase of the yield by 47%, which is by 14.04% higher than the averagely expected one for the current 
quarrying direction.
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TOPIC  E 
Environment protection in mining and construction 
activities 
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IMPLEMENTATION OF THE LEGISLATION IN THE FIELD OF MINING WASTE MANAGEMENT, 
MONITORING, CONTROL AND INSPECTION OF WASTE FACILITIES - MAIN ASPECTS AND 

GUIDELINES FOR IMPLEMENTATION 

Eng. litsa Todorova e.todorova@me.government.bg 
PhD. Eng. Georgi Dachev g.dachev@me.government.bg 

ABSTRACT 
The knowledge and correct implementation of the regulatory requirements in the field of mining waste 
management, obtained as a result of the activities of exploration, extraction, primary processing and storage of 
underground natural resources, including open mining and underground mining of underground resources, the 
application of self-monitoring and self-inspections by the operators of the waste facilities and the exercise of 
regular control by the state competent authorities are of  key importance and presuppose the achievement of 
the main goals of the European and national legislation in the field, namely:

preventing, reducing or limiting the harmful impact of the generated mining waste and the waste 
facilities on the environment, safety and human health; 
accident prevention. 

At the national level, the mining waste management is carried out according to the provisions of Chapter Eight 
of the Underground Natural Resources Act and the specific requirements set out in the Mining Waste 
Management Ordinance. The mining waste management activities are carried out according to a mining waste 
management plan approved by the Minister of Energy and a permit issued by the Minister of Energy, when 
required by the law. 
An important issue is to clarify the role, responsibilities and obligations of the operators responsible for the 
mining waste management and waste facilities. Knowledge and proper understanding of these responsibilities 
is of paramount importance for the optimal and safe operation of mining waste facilities, in this regards it 
should be a special attention putting onto tailing ponds. In this direction, amongst the priorities is the provision 
of appropriate self-monitoring and self-inspections by the operators. The other key aspect is the role of the 
state competent authorities in charge of inspections of mining waste facilities. Regular inspections should be 
carried out throughout the different life-phases of a mining waste facility - from the stage before it is put into 
operation, during it is in operation, until its closure, including the period after its closure. The competent 
authorities should be carried out the inspections in accordance with all the requirements of the national 
legislation and taking into consideration the Technical Guidelines for Inspections of Waste Facilities adopted 
by the European Commission. Last but not least, a special attention needs to be paid to the keeping and 
storage by the operators of all the necessary documentation in relation with the mining waste management 
activities.
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ABSTRACT 
In recent years, much attention has been paid not only to the rational extraction of minerals, but also to the 
ecology of coal-mining regions. Monitoring of man-made landscapes of coal mining enterprises is a topical 
study from the standpoint of environmental impact of coal mine heaps. 
The impact of coal mining on the lithosphere, hydrosphere, atmosphere and climate change has become even 
more relevant with global research on its impact on climate change. All coal basins are characterized by the 
presence of waste heaps and their significant impact on the soil: the rise of groundwater and the migration of 
chemical compounds from waste heaps into the soil, the expansion of waste heaps by area. Changes of 
heaps under the influence of exogenous factors are established. Peculiarities of gas distribution and chemical 
composition of waste heaps are determined. 
It is expedient to carry out full reclamation on the territory of closed mines, to improve the ecological condition 
of technogenic-loaded (mining) regions and to give preference to complex ecological-industrial-tourist projects. 
Key words: ecology of coal mining regions, monitoring of heaps. 
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ENVIRONMENTAL PROTECTION 
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ABSTRACT 
Reclamation of the mining landscape is a long-term and process in revitalizing a destroyed ecosystem. The 
article presents the results of reclamation work in the former magnesite mine Košice-Bankov in the east of 
Slovakia. The reclamation brought several specific procedures mainly due to localization of the magnesite 
mine area nearby the forest park, which is a popular tourist and recreational zone for inhabitants of Košice and 
its surroundings. Geodetically collected data from the monitored mining subsidence created by long-term 
mining of magnesite were processed in the GIS environment for the virtual 3D visualizations within the 
framework of the reclamation plan. 
Key words: Mining landscape, reclamation, mine subsidence, GIS, 3D modelling. 
 

Introduction 

At present, with an extremely sharp increase in people's material needs, priority must be given to their 
security from any economic prosperity of many countries around the world. To protect the environment, which 
should be an intact ecosystem, it is necessary to protect the lives of people and their property from adverse 
industrial impacts. One of the most negative industrial impacts on the whole ecosystem is the adverse impact 
of any mining activity. The land subsidence (mining subsidence, hereinafter referred to as subsidence) is 
created on the earth surface as a result of underground extraction of the mineral deposits especially at the 
chamber mining by a caving method [4, 9]. In many cases, the subsidence represents the large-scale and very 
deep down-thrown blocks that is dangerous for any movement of people in them. As at the deep mining there 
are created many large voids in the rock massif (especially during the aforementioned mining by the chamber 
method), their collapse occurs with the manifestations of deformations on the earth surface mostly in the form 
of the subsidence. The collapse of these cavities can occur at different time horizons, i.e. from the 
commencement of mining up to several years, or even decades or more after the end of mining. Especially for 
endangering the lives of people and their property, the most dangerous are the sudden and unexpected 
formation of invasions of the earth surface over the mined rock massif, which often happens even in some 
abandoned mines. 

The nature and magnitude of the subsidence on the earth surface depends mainly on tectonic and 
geological conditions and also on the overload of the rock massif above the excavated space. Knowing the 
range, i.e. localization of the edges (boundaries) of the subsidence in mining territories may provide for more 
precise placement of technical barriers (fencings and warning boards) and thus help to prevent persons and 
animals from entering these danger zones. Geodetic methods for investigation of deformation vectors, which 
can be derived from the processing of some specifics geodetic measurements at the monitoring stations 
based on these mining territories, are the priority methods for determining the extent of movement in the 
subsidence on the earth surface above the excavated underground space. The deformation vectors in their 3D 
model concept the most markedly characterize any movements of the earth surface, buildings and other civil 
engineering structures located in the mining territory with occurrence of the subsidence. In many cases, 3D 
modelling of the deformation vectors is based on regular (periodic) monitoring the spatial changes in suitably 
structured points of the geodetic network of a monitoring station located on the earth surface or on buildings 
and civil engineering structures.  

In the evaluation of deformation vectors and their 3D modelling, the time factor of the gradual creation of 
the subsidence over the mined-out space underground plays an important role in its overall evaluation of the 
earth ground movements. Possibility in improving polynomial modelling of the subsidence is conditioned by the 
knowledge to detect position of so-called break points, i.e. the points in the surface in which the subsidence 
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border with a zone of breaches and bursts start to develop above the mined mineral deposit. This means that 
the break points determine the edges of the subsurface at which the naturally consistent coherent of the earth 
surface is broken and the subsidence begins to form. 3D deformation vector models help to support the 
location of the break points [6, 7]. 

 
Mining Landscape Košice-Bankov and Environment 

The territory Košice-Bankov is situated in the northern part of the city of Košice in Slovakia where a popular 
city recreational and touristic centre of the city of Košice is situated. This popular urban recreational area is 
located in close proximity to the mining area of the abandoned magnesite mine Košice-Bankov (Fig. 1). The 
entire recreational area of Košice-Bankov consists of an extensive forest park with several recreation and 
sports and cultural zones, which provide the inhabitants of the city of Košice close to their health-beneficial 
and relaxing suburban locality [8].  

 

 
Fig. 1: Orthophoto map of the city of Košice with a detailed view of the mining  territory Košice-Bankov. 

 
The magnesite mine Košice-Bankov had been causing the devastation of the surrounding area for many 

decades and the negative impacts of mining have also uncontrollably interfered to the nearby touristic and 
recreational area and forest park. Mixed deciduous trees with predominance of the European beech (Fagus 
sylvatica) form the basic tree component of the forest park in the whole locality of Košice-Bankov. Despite the 
relatively high resistance of the European beech to dusty air pollution, the magnesite gradient (drift of 
microscopic trace elements of magnesite) from the nearby magnesite mine finishing mill has significantly 
damaged its ecosystem [3]. The beech forest began to degenerate and its surface area gradually decreased. 
The recreational, cultural and sports zones of the Košice-Bankov forest park have been constantly under the 
influence of magnesite dust for more than fifty years. Thus the beneficial oxinogenic healing effect of the forest 
park for its visitors has finally disappeared. Several ecological studies have confirmed an unfavourable nay 
alarming state of air pollution in the locality Košice-Bankov with the occurrence of harmful trace elements from 
magnesite gradient [3, 10].  
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Another negative impact of deep exploitation of magnesite on the forest park and surrounding area of 
Košice-Bankov was the devastation of the entire land surface in close proximity to the forest park. On the earth 
surface, a large mining subsidence gradually generated [5-7]. The mining subsidence (down-thrown block on 
the earth surface above the excavated underground space) [2, 4, 9] was approximately a circular ground plan 
with the diameter of about 450 m and the maximum depth of 50 to 60 m. Fig. 2 shows the panoramic views to 
the subsidence of Košice-Bankov from the south-western edge of this subsidence in 2002. In that time the 
magnesite mine had been out of its operation for three years. The most dangerous for humans was the 
number of deep cracks and fissures around the mining subsidence (Fig. 3) [7]. Their depth was up to several 
meters. Many of these cracks and fissures were overgrown with vegetation (dense shrubs and high 
grassland), making them invisible to humans. Several times there have been menacing injuries of people who 
disregarded warning signs about banning entry into a caving fall and undermined territory and they fell into 
these cracks and fissures and they had severe injuries, sometimes with permanent health consequences.  
 

 
Fig. 2: The mining subsidence Košice-Bankov; panoramic view: spring 2002. 

 

 
Fig. 3: Cracks and fissures around the mining subsidence Košice-Bankov. 
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Theory of the deformation vector specific solution 

As already mentioned in the Introduction, the geometric and thus data structure of the geodetic network of 
the monitoring station in the subsidence may be changed by some external intervention, such as some 
unforeseen earthworks and construction works at the monitoring station. Estimation of the structures of 
geodetic networks based on the Gauss-Markov model is the most used and the most effective method for their 
processing. In determining the statistical formulation of the Gauss-Markov model we start from the following 
equations [5-7]. 

                                                           � � � �� � LCALLCCAv o
0

o dˆdˆ ������                                                       (1) 

                                                                               ?L L
2
0Q��                                                                            (2) 

where v  is the vector of corrections of the measured (observed) values L , A  are the configuration 
(modelling) matrix of the geodetic network (otherwise called also the Jacobian matrix), i.e. the matrix of the 
partial derivatives of functions � �oo CL f�  by the vector oC , Ĉ  is the vector of the aligned 3D coordinate 
values, oC  is the vector of the approximate 3D coordinate values, � �0L  is the vector of the approximate 
observation magnitude values of the observed elements in the first measuring epoch � �0t , oL  is the vector of 
the approximate observation magnitude values of the observed elements, Ĉd  is the deformation vector, Ld  is 
the vector of the measured values supplements, ?L is the covariance matrix of the measured values, 2

0�  is a 
priori variance, LQ  is the cofactor matrix of the observations. 

It will also be appeared in the changed structures, let us say in a size of the matrixes and vectors 
o

L CQA ,,  and oL . These matrixes and vectors enter into the presupposed model of a network adjustment 
following out from the Gauss-Markov model.  
 

Deformation vector 

If between monitoring epochs there are no changes in the geometrical and observational structure of the 
geodetic network, then the matrixes and vectors o

L CQA ,, and oL  remain identical for each epoch. Only in 
such case the deformation vector Ĉd  can be determined by a conventional procedure according to the 
following model [7]: 
� in the basic (first) monitoring epoch � �0t , we have the vector � �0Ĉ  of the adjusted 3D coordinates of the 

observed points which are obtained according to the Gauss-Markov model  

                                             � � � � � �� � � �� �o
0

oo
0

1
L

T11
L

To
0 LLGCLLQAAQACC ���� ���ˆ                                         (3)

    
 

� in other following epochs � �it  we also obtain the vector � �iĈ  of the adjusted 3D coordinates of the 
observed points according to the equation 

                                              � � � � � �� � � �� �oooˆ LLGCLLQAAQACC ii
1

L
T11

L
To

i ���� ���                                          (4) 
� thus, for the deformation vector Ĉd  will be valid the following equation  
                                                                Ĉd � � � � ��� 0i CC ˆˆ

� �� �oLLG i �                                                                 (5) 
where � �0L  and � �iL are the vectors of the observed magnitude values in the epochs � �0t  and � �it . 

Furthermore, we consider the case when there is a change in the geometric and thus in the data structure 
of the geodetic network of the monitoring station between the individual epochs of measurements. It means, 
that the geometric and data structure of the geodetic network between the basic epoch � �0t  and the actual 
epoch � �it  is changed. Then the transformation of the original matrixes vectors o

L CQA ,,  and oL  are 
transformed into the following equations 
                                                                             AAA d�                                                                            (6) 
                                                                            LLL QQQ d�                                                                          (7) 
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                                                                            oo dCCC o �                                                                          (8) 
                                                                            LLL doo �                                                                            (9)                 

According to Eq(s). from (6) to (9) the vectors � �0Ĉ  and � �iĈ  of the adjusted 3D coordinates of the 
observed points in the epochs � �0t  and � �it  will be determined            

                                           � � � � � �� � � �� �o
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ˆ LLGCLLQAAQACC ���� ���                                      (11) 
and then the deformation vector Ĉd  is expressed according to Eq. (5)  in the form  

                                                                           �Ĉd � � � �0i CC ˆˆ �                                                                       (12) 
which not only expresses the 3D changes in the coordinates of the geodetic network points between the 
individual epochs of measurement, but such deformation vector can also express changes in the overall 
structure (geometric and data structure) of the geodetic network. The deformation vector Ĉd  thus obtained will 
not provide reliable data for testing the particular deformations in the subsidence.  

The proposed and presented theory of the specific solution of the deformation vector in a case of any 
structural changes in the geodetic network will be acceptable for its proving in an analytical way, if we compare 
the deformation vector structures Ĉd  and Ĉd  expressed according to Eq. (5) and Eq. (12). Then the structure 

of the deformation vector Ĉd  is expressed according to Eq. (12) and the further equation will be valid 
                             � �� �� � � �� �� � � �� � � �� � oooo

i
ooo

i
o CCLLGLLGLLGCLLGCC ��������� 00

ˆd                     (13) 
and on the base of Eq(s). from (6) to (9) and also on the base of the linearization of G  into GGG d� ,  the 

following derivation will be applied for the deformation vector Ĉd   
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and finally the deformation vector Ĉd  will be calculated according to the following equation 

                                                                         CCC ˆd�ˆdˆd +=                                                                       (15) 

Eq. (15) notates that the deformation vector Ĉd  (calculated at some changes in the geodetic network 
structure) is different from its vector of the correct values Ĉd  only by the component Ĉd�  (i.e. the correction 
component of the deformation vector corrections). In such a set case, the component Ĉd�  is generated not 
only by the spatial movement of points in the geodetic network between the particular epochs of the geodetic 
measurements, but at the same time it is generated by changes in the geometric and data structure of the 
network between the particular epochs due to some changes in its point field. 

To avoid the so-called degradation of the deformation vector Ĉd  due to changes in the geometric and data 
structure of the geodetic network and at the same time for the deformation vector to express the real spatial 
changes in the subsidence, the presented theory offers the following procedures: 
� The geodetic networks at the monitoring stations shall be designed in order to achieve the maximal 

physical integrity of its points (object and especially reference points) throughout the entire monitoring 
period. When designing a monitoring station, expert consultation with representatives of a spatial planning 
and also with the mine district owners is essential. 

� If some reference points were lost or destroyed, new points should be stabilized in enough proximity to 
these lost or destroyed reference points as possible. The same principle is held for the object points. 

� However, if the matrixes A  and LQ  are significantly or even slightly changed  between the monitoring 
epochs � �0t  and � �it  (for example, in � �0t  the geodetic network was measured by a trilateration 
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measurement way, and in � �it  by traverse measurement way, it is necessary to observe (measure) other 
new magnitudes, etc.), then the deformation vector Ĉd  can be determined according to the following 
equations 
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     and  
                                                            � � � � � � � � � � � �� �0i

o
00ii

ˆd GGLLGLGC ����                                                      (17) 
because using the identical oC  and oL  is not problem to adhere in the individual epochs. Or the 
deformation vector corrections Ĉd�  are calculated according to Eq. (10), Eq. (11) and Eq. (13), so that the 
deformation vector Ĉd  is then corrected according to the introduced Eq. (15). 
Before reclaiming the mining landscape on the territory of Košice-Bankov, the monitoring station was 

located on the site of the former subsidence at the mining shaft, which was called the Western shaft. The 
monitoring station was built from the geodetic network consisting of the network of the reference points (No: 
01A, 01B, 01C, 01D) and the network of the object points (78 points in total). The object points were 
geometrically grouped into six geodetic network profiles (0-V) (Fig. 4). All geodetic network profiles of the 
monitoring station of Košice-Bankov were geometrically spaced across and along the expected movements in 
the subsidence. Gradually, by creating the subsidence, some object points were destroyed by the nature 
destructive processes in the subsidence.  
 

 
Fig. 4: Monitoring station Košice-Bankov; (reference points 01C and 01D - destroyed points). 

 
Reclamation of the Košice-Bankov mining landscape 

The outputs from the deformation survey from long-term geodetic measurements at the monitoring station 
Košice-Bankov were implemented into Geographical Information Systems (GIS) to a process of a gradual 
reclaiming the mining landscape around the magnesite mine [1]. After completion of the mining operations and 
liquidation of the mine company it was necessary to determine the exact edges of the subsidence Košice-
Bankov with the zones of residual ground motion (cracks and fissures) in order to implement reclaiming the 
devastated mining landscape. The obtained results from the deformation measurements were transformed into 
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3D model of the subsidence within GIS for needs of the Municipality of the city of Košice to implementation of 
the reclaiming work. 

Given the fact that extraction of magnesite has been completed at the mine Košice-Bankov and this mine is 
abandoned since the end of the 90-years of the last century and whole mining territory Košice-Bankov with the 
huge subsidence on the conclusions of the deformation investigations are stable, the Municipality of the city of 
Košice adopted the plan for the reclaiming that mine landscape. Numerical and graphical presentation of long-
term investigations on the deformation monitoring station Košice-Bankov with their successive test analyses of 
the deformation vectors confirmed stability of the subsidence. The subsidence and by mining activities 
devastated all surroundings around the mine plant of huge proportions began gradually to backfill by a 
secondary imported soil. The reclaiming work on the basis of the investigation geodetic deformation 
measurements around the former mining area Košice-Bankov began at the beginning of this century. Some 
final reclaiming work were completed in summer 2016 (Fig. 5, Fig. 6). 

 

 
Fig. 5: The Košice-Bankov subsidence after reclaiming; panoramic view – summer 2016. Solar collectors on the site of 
the former mining tailings piles; afforesting (in the background) on the site of the former subsidence.  

 

 
Fig. 6: The reconstructed recreation zone and revitalized forest park Košice-Bankov after reclaiming the mining 
landscape. 
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Conclusion 

On the territory of the former extensive subsidence the forest park Košice-Bankov was built as the 
environmental green-forest part of the urban recreation area of the city of Košice. The subsidence was 
backfilled by imported natural material. Such sporadic embankment work took too long, i.e. more than years.  
After completion of the embankment and other earth-work the forest park Košice-Bankov was built on the 
territory of the former subsidence. It was planted in particular birch trees. Finalization of building the recreation 
area Košice-Bankov was completed in spring 2016. It has also reclaimed the mining tailings piles and the 
devastated surrounding territory of the former mining plant. On the site of the former mining tailings piles the 
solar collectors were built which contribute to renewable energy for the city of Košice The inhabitants of Košice 
and its surroundings thus received a health-friendly recreation area for their relaxation and rest.  
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ADAPTATION OF THE BASIC FORMULA IN MINING SUBSIDENCE FOR THE CONDITIONS  
OF „BABINO“ MINE 

 
Michail Vulkov, Kristina Ilieva-Stoycheva 

 
ABSTRACT 
The study is in th field of rockmechanics. The article examines the formation of a mine subsidence when 
conducting underground mining or construction work. A new formula is consideredsummarizing the basic 
dependence in the mechanics of the mining subsidence. The possibilities for its adaptationto for the specific 
conditions of a mine area are shown. An example of the application of the method is given, using 
measurement data for horizon 421 of the „Babino” underground coalmine. The calculations were done 
programmatically using PTC Mathcad. 
Keywords:rockmechanics, miningsubsidence mechanics, basic formula summary, measurement data 
adaptation, application software 
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������� ����� �� ������� ����$��� ��� ���������� � ������� ����� [5]. 

���� ����� ������������ !����� ������� ��� !���$���<���� �������, ���������@� 
����������� ������, � ��� ��!<�������� ���� ����������� �� �������������� �� ���� 
�������� � ����������� � ����� ��<��� �� ����#���� �� �������� �����, $������������@� �� � 
*����<��� �����������, ����������� [5], � *����<�� ��������� �� ���������� [8] � ��. ����� 
[6], [7], [9], [10]. 

X������� � ��<����������� ����� ��$� ������� !���� � ��������� �� ���� �� �*������� �� 
������� [5], � �� � ������ ���*��*�� �� �.�. ����� ���*�� �� ��������� �� ���!����, ��� ��� 
��=����� �� ��*����� ����<� ��� ��������� ��� [5]: 

 ¯�°� ±� � ²V³V ´�°���           (1) 
 

����� ¯�°� ±� � ���������� ����������� �� �<�� � �������� �°� ±�- ��!.1; ² - ��������� �� ���!���;  
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³ - ������ �@��� �� ������ ����� �������; ´�°��- �*����� �� �������. 
 

 
���. 1. #&��	 �	 �����
	�� �	 ���	�	 �	�������� 

 
�������, �������� � !���$���<���� �������� �� �� ������ ��������� <��� ������ ��� 

�*������� �� �������, ��� �� �� ����!�� ���*��*���� �� ������ ���������, �� ����� ��������� 
���*�����. 

}�����@��� �����#����� �� �������� �� ����� �� ����!����-!������<���� ����� �� 
�������e �� �*����� ����� ���#��� � [2]. 

 
	�!� ���X#�� 

|� ���������� �� ����� ���*�� � ��������� �������� �����������: X������ �� 
����������� �� �<���� � ����� �� ������� � ������� ����� � �� ������� ����$��� � ��������� �� 
����#����� �� ������� ����� �� ���!��#�� ��� ��*�������. �� ���� ������, ��� ������ 
����������� �� !��������� ��� ���<�� �<�� � ����� �� ������� �� ��������� � ��������� 
������ ����� �� ������� �������� �� �����������, �&� ������ ��������� � ������� ��� � 
!������<���� �* $������������� (��!.1). ��� �������� �� ��������� � �������� ������, ��������� 
� �����-��$���<���� ��&���� � ���*��*����� ������� �� ������� ������ �����. 

^� ��� ���� �� �������&����� �!���� ���*�� �� ��������� �� ������������ 
������������ ��� �������� ���*��*�� [3]: 

 ¯�°� ±� � ²V³V ´�°� ±�V µ�°� ±���         (2) 
 

����� ´�°� ±� ����� ����� ���������� ����#��� �� ����������� � ��������� � �<�� ¶�°� ±� ��� 
�������� �� ��������� <��� � ������ ����� �������; µ�°� ±� ������ ��� �<���� � ������� ����� ���!��� �� �����#����� ����#��� �� 
���#����. 

Y*������� �� ������� �� ������ ����� ��&���� � ��������� % · µ�°� ±� ·1 � ��� µ�°� ±� �" � (2) ������ ���*�� (1), �.�. (2) ��@��� ��@����*��@��� ���������. ������ �� �� �����#� � 
������, <� � ���� ���������� �*����� �� ������� �� ������ � ����#� �� ����������� ����� �� �� 
���� � ������� � ��@�� �� ���!�����<�� ��������� � �� �� �����!�� ������� ��#����� �� 
��!���� ������������� ��� �� ������ ����#��� �� �� �<���� � ��������� ������@�, �������� �� 
���� � �� ���*������ �� ����������. �� ������� �� ��������� ����������� � ���� �����. 

|� ��������� �� $��������� ����������� � ���$��� �� �� �����*��� ���*�� ��� 
���*��*��, ����!�<�� �� (2), ��� �� �� ������� ��������� �� � ���������� ��������� �� 
}.�.����=�� [1]. 
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��)�?�W�� X���� 

X�� �����*������ �� (2) � ������� �������� �!�<���� �$���: X��<����� (����������� 
!���������) ����������� ���������� (���� �� ��������� �����������), ��������&�� 
������������� �� ������� (��������� �� ������), �.�. ������������ �� ����� ��� ����� 
������� ������� � �<���� �� ��������� � ��������� ������ ����� ���������� ����#��� 
(����� �� �����������), ��� ������ ��� � ���� ����� ����� ������� � !��������� �� 
����<���, � �� � � ��&������ �� ������� �����. }������� ����� ���!��� �� ����������� 
���������� ����#��� � ��<��, ������@ ��������� � ��!���� ��&���� � ���*��*��� �������, 
��� ��@������� ��� <��� (�#� � ������) � ����������� ����#��� �� �����������. 

> ��������� (2) �� ���� ����� �� �-�@�� ������� ����, <� �������� ��
����� �� 
��������� <��� "����������" �� ���<����� ���� ���������� ����<���� �����. ?���� ����������� 
������� ��������, � ��� �� ��������� ����������� ���������� ����#���. 

 
���%��� J� �=�����'�� �� ����"�'�� �� X�W�!� 

>�� ������ � ��������� �� �*�������, $������������@� ��������� �� ������ �� �����#����� 
����#��� �� ���#����, �!�� �� �� ����#�� ����� ��$��: 

- 
����*����� �� ���� �*����� � ��������� �� ���������� ��#�* ������<��� ���� � 
���*����� ���������� �� ������������� �� ������������; 

- ^����� ������<�� ��$�, ��� �&� ���� ��� �� ��������� ����������@��� ��&���� 
�� ������� ������ ����� (������<��, ������-������<�� � ��.�.) ���$* �������������� �� �<���� � 
����� �� ������� �� ���#� ���������� �� �� *����������� ������� ����<���� *�������� �� 
���������� �����; 

- 
����*����� �� �*������� � <��� ���!����<�� �����#���� (��� ������$����� � 
����<������ ��@��� �� ������) ��������� �� ������ �� ���������� �� �-���� ����������� 
��#�* ������������� � �����<���� ������������� �� ��&���� �� ��������������. 
 

�=�����'�� �� �#��"�'�� �� ����"�' �� W�����' X�W�! =� ����� �� �JX��!���' 
> ��� ���������� � �����<���� ������� ��$� � ��������� � ����$���� ����!���. 

X����������� �� ������ ���� � �������� �� ����� � ���*��� ����������� � � ��*<������ �� 
���������, ��� � !���� ������ ���������� �� ���������� ����-!��#�� � ����-��$��!�<�� 
*����� �� ������ ��$��@�. +�*! ��������� � ������� � ����#����� ������������ �� 
�������������� �� �<�� � ������� ����$��� �� �� ����#��� ���� � �������� � ������ *���� 
� �������� � �� �� �������� <��� �����!��� �� ������ ��$��!��. 

��& ��� ����� �a��´�°� � ������� � [3], �����@� ���������� � ���<�� ��� ���������� �� 
�*������� µ�°�. 

|� �������� �� ��������� �� ������ �� ��������� ������<���� ����, ���������� ��� 
��������� (2), � ���������� ��&���� �� ���!���� � ���*��� *�����. 

?�����������, ��������� � �����������, �� ����������� � ������� �� ��������� �� 
���. X. ��<������ [4]. 

> ����������� �� ����������� ���������� ����� �� $����� 421-1 �� �*���� �� ������� 
���� �� ��!��@� „�����” � ������� �� }�
 „��� ��”. �������� $������������� �� ��������� 
����� ��:  

� �@��� �� ������ – �� 4,8 m (� 4,19 m � 5,19 m); 
� ����<��� �� ����!��� - �� 420 m ( ^1= 412 m ; ^2= 428 m); 
� ����� ����� $���������� – �� 8:. 

X���������@��� <��� � ������� ��� ������ ������������� !������� �����������. �� ���� 
*�������� ���� �� ������ ������ �� 1,13. 109 Pa. }��� �<����� ��& � ����<��� 200 m– 230 
m �� *�������� =������ !����. X� ��$ ������� ����<���� � �@��� � 46 m � 104 m, ���� ��� � 
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�� ���� ����� ��& � !���� � ��� ������� ��������� !���� � �@��� � 70 m � 80 m. X� ��$ 
����!�� ��� ����<���� � �@��� � 30 m � 36 m. ��������, � ����� ��������� ����#� � 
*<������, !������ �� 64 – 83 %, � ����<������ �� 17 – 36 %. ^������������ !���@� � ��!����� � 
�����, ������ =������ !���� � � ��!�����. ?�������� �� ��!��@��� � *<������ �� ��������� � 
��$�������� �������. 

������� � �������� �� ������ � � ��������� �� ������ � !����� ��<���� �� �*����� �� 
����������� ��� ������ ���������� � ��� ���� ���������� �� ����������� �� ��!.2. 

������������ ��&��� �� ���������� ����������� � �*����� � ����� �� �������� �� ������ 
� � ������� �� ��������� �� ������ � ¯¸ � "�¹¹%�c�³V 

 

 
���. 2. �	���� �� �	�	
	�� �	 �	��	 � �� �������	�� �	 �	��	 � �	��� ��"���� �	 ��
	�	 �	 

��������	�� ��� ������ ��
�	����	�� � ��� ���� ��
�	����	�� 
 

> ������� 1 ���� 1 �����#� ��������� �<�� �� ��*�*����� � ����!��� /� 1 � 70/ � �� 
��*�*����� � �������� /� 70 � 170/ � ������� �� �������� �� ������ �� $����� 421-1 �� �*���� 
„�����”. 

} ¯�°��(���� 2 �� ������� 1) �� �������� ��&������ �� ���!����, ����������� � ����� 
�� ���������, � �������� m. ��$���� ����������� ��&���� �� � ���� 3 �� �������1. } ¯�°� �� 
����<��� ���������� ��&���� � m – ���� 4 �� ������� 1, � 
��� 5 �� ������� 1 �����#� 
������������� ��&���� �� ¯�°�V 

?��������� ��&���� �� ���!���� �� ���!��#��� ��� ��&�������� ������������� �� � 
��������� <��� ��������� (2), � ������������� � ������������ ����� - ��� ��������� 
����#��� �� �����������, �.�. 

 º̄�°� »� � ²V³V ´�°�V µ�°�.         (3) 
 ¯�°� »� � ²V³V ´�°�,          (4) 
 
��������� ��#�* ������������� � ������������ ����� � ���������� ��&���� �� ������� 

� 
 ¼¯�°� »� � ³V ²V ´�°� , ³V ²V ´�°�V µ�°�       (5) 
 
� ��&������ �� ¼¯�°� »����� ��<��� � ���� 6 �� ������� 1.  
Y*������� �� ������� �� ������ µ�°�, �� ������ ���� ��=����� �� ������� �������� 

����� ��� 
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µ�°� � " , ½¾�¿�À�¸VÁVÂ�¿�À� � " , ½¾�¿�À�¾�¿�À�         (6) 
 

� � �����<� ����������� � ���� 8 �� ������� 1, � ��&���� !����<�� ��� � �������� �� ��!.3 
� ������������ �����. 

 
�	���	 1: !	��� �	 &������� 421-1 �	 ��
��� „_	����“ 

 
 

Y*������� �� ������� �� ������ �� ����� ��� ��#��������� ���������, ��� ��� 
����������� ¥ ������ � ����������� E�� E�� V V V � E®., �������� ��� ����� � 8 ������. 
^����������� ���������� �� ������ ��� ��� V V V � �® �� ����������� � �!�������� �*����� regress � 
PTC Mathcad � ��=����� � ������ �� ��!.3. ���*������ � ������� �� ������ �� �����, �� �&� 
������� ��� ������ �����#�� ��*#���� ���������, � ��������� �� ������������ �� ������ � 
���������� �� ��������� ��������. 

Y*������� �� ������� �� ������ ��� ����� � 8 ������ �� ������� �� $����� 421-1 �� 
�*���� „�����” �: 

 
 ��E� � ,"3�Rc¹V E~ � """�c2OV E@ , cc3�¹OOV E? � 3R¹�"2OV E� � ,3"O�33RV E= � 2�O� ¹%#V E� , O"�"O2V E� � "R�¹3¹V E � %V%"2V    (7) 

 
^� ��!.3 � ������ ��=����� � ��!����� ����� �� PTC Mathcad � �������� �� �������� 

!�������� �� ��*<����� � ������������ �����, ����������� � ������������ �����, � !�������� �� 
��!�������� �����, ��������� � ���������� (@��$��) �����. 
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���. 3. ��'���� �	 ����
���� $�������	 �	 ��	���� �	 �	���	 �	 &������� 421 �	 ��
��� „_	����” � 
�����	��	 ���
	 �	 PTC Mathcad 

 
>���� �� ��*<����� ����������@� �*����� ���� ����#��� �� �� ������ ����� �� 

����<������ ��@��� �� ��������� �� �<���� � ������� �����, �� �����#����� ����#��� �� 
�����������, ���� � �� �-����� �������� �� ��@����� �� ��������. 

 
���^?���� 

X�����!����� �����*�� �� �������� �� ��������� �� ������ � ����� � ��������� � ���<����� 
������� ��<����������� ���*����� � ����#����� �� �*�������, $������������@� ��������� �� 
������� ����� �� �����#����� ����#��� �� ���#���� (��!.3). ���� ����� ���*�� (2) � ����#� 
��<����������� ���� �� �� �������� ��� ���������� *����� �� ���� ��������� ��$��@�. ��� 
���=��� ��<������ �<����� �� ������������� �� �������������� �� ��*!� $������ � *<������ 
�� �������� ���� ���. ���*������� � ����������� ����������� �!�� �� ����� ��������� � ��� 
��������������� ��<������� �� ��$��@� ��� �$��� ����-!��#�� *����� � ������� �� 
���������� �� ��� ����� �����������. 

����������� �� �*�������, $������������@� ��������� �� ������� ����� �� �����#����� 
����#��� �� �����������, ����������� � ���*����� ����������� �� ������ ������ 
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�����������, ���� �����=�� ��� �� ��&-=��� ����������� ������� �� ��������� �� 
�������������� � ����#��� �� ��!���*���� �� ����� ���*�� � ������������ in-situ. 
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� ��	��� �����
��� ������	�� ���������& ����
��	��� �	 ���������� 
���������� 
�������� �����	����� ������	�"����& ��
 #	
������� ��
���� ���, ��V"	� 
���	����"����� ����
� � �. �	
��	��	�. !	���� �����	 ����	�	, �	� 
����	���& �����	��, 
�	� � ��&�
	� �����	����� ��
 � ��������	���. *��	�	�� �����
���������� ��
����& ��
�� 
�	���������� ���������	 � ���� 
���������� ������	 ��&�
�� �����	����� ��
, �����
�� 
������� ����	��� ��
�����& $��� ����� �����& � 
����& ���	�� �� ��"�� � �	��������� 
���������	. !	�� ����
� � ���
������ �� ���������� ��
	� �	������, ����������� �& 
��������	��� 
� 
�������	��� �	���������� ������� ���		�� ��"��. 
	
����*� �
��: ������ 	�
'	$�, 	������, ����������, �������, ��&�������� $	����, 
�	�������	� 	����$��	, ������ ���	�. 
 

�!������ 
> ����$ �$������� �����& � ������& �������������, � ���#� ��� ����������<����$ � 

�����<����$ ����& � *�����$ �����!���! ��!�������� ��� ���<���� ��������� ����*, 
������� ���U@���� �������� *#� �����U� *��&<�����U � ��#�� � ��������. +�� ������� 
¡�! �*@����*�� ������� �����, ��������, ������������ ��������� ���� ����& � ���� 
�����������& ������������� [8, 2, 1]. 

>���&����� �� �<�* �������� � ���������� � ���<���� ��!�������� �� ���� 
��������& ���������, ��� � � <� ������U� *��� � � � !�� � ������#����. X ¡�& 
���<��� <�@���� (������������) �<� � ��� �<� $ ���� ���U����� ������������ ������ 
���*����*U ����<*. �� ������<���� ��=���� ��� ������� �� ������ ���������. ����� �� 
���#� $ �*��& ��=���� ¡�& ����<� �#�� � �� ������������� - <�@���� �<����! ����� 
� ��!�������� ��������� �*������������ �������&, ������ �!�@�U@�$ ��!�����U@�� 
��@�����. Y������������ �������� � ��¡��������& ��$��!��& <����� � ���� �!���<����$ 
��@����. �������� �#� ���������� ��� <����� ��©�� $, #����$ � ���*=� $ �*������� [4, 3, 5]. 
Y������������ ��!����©�� $ �<� � ���<� $ ��� *#� ����������� ��� <����� ���� $ 
���!�� (� �������, �!���<����$ ���U�����), ������$��&������ $ *!��& (�������� , 
������ , �����), ��� =���� $ �� (�!�����, ������ , � =���), ���� ������������ (X��). 
Y������������ �!*� � �� �����!�*�  !������ ��<� � �� , ��<� � ��  ������! $��&���� 
� ��� =�������, !�*��� � ��  [6]. +�� ����#���� ����������& ¡����������� <����� 
������������� �#�� ������������ � �<������ � ��*!��� ������� ������������ � 
�����!�<������ ��$��!���� <�����. ^�������, ������� ��!������� � <���� �*������� �!*� 
*�������� �*��� ¡���������, ���� <�! ������&=�� <����� �#�� ��������� � ��@�U �������& 
[7]. 

 
����X�� �WW����!���' 

> ¡��������$ � !��-��������� ��U@�& �������U@�& ����$��� ��!������� ������� 
������� ���������� �� ������*U ¡�������* ��������, <� �������*�� �������U ��!�����! 
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����&����� �� ���* � ��*�*, �¡��* ����������� ���������� � �� ��*<���� �������� ��#�! �� 
������ �������� ���*����& ��*<� ������<���& ����<�&. �<�� ��� ��!������ ����U����� 
��#���U@�! � ¡�& ��� ��������� �#� ������������, <� *����� ����*=���� ���� � �������� 
�������& ����!��� @*��� $ ���<���& � ����� � ���������� ��*�� $ ��<���� �����<���& 
���*���� (�����, !�*=�), �� !��� *#�  ��������� ��������& � ��<�������U ����� $ ���� 
�������&. >�� � =����������� � ���*#�� ������ �������� � ��� ������ ����������� - 
�������� ¡�������� ����&����� }�����! ������-�����! ��������. 

 

�J#������ !�=�������% ��#?��-=�����?�W��% �WW����!���� 

��������� ��$��!�� ����������� �<����! !������ ��$�!��� ��!������� $ ������ 
�����������U !��-���*��������! �������� � ��!�$ !� }�����! 
������ �������� 
���*����& ��*<� ������<���& ����<�&. > ���*������ � ������� ����������& �� ��������� 
����������� ������ !��& ���*����� �*��� ������ �������, ���U<�U@�� ¡���  ����������� 
���������� $ ������� � ����� ��&���������� ���������� $ � �<�* ��$�!��� $ �������� � 
���*������ ��������� � ¡����*������ �����#����& ����������<����$ �*� � *�����$ !�� $ 
��������& }�����! 
������. ���������� ��!������� $ ��#�� �� ��������� ������ ����� �� � 
���#���� ��� ¡��������! �������������� � *�����$ ���������� !�� $ �������&. 
X�������� ���*�� $ ����������& �<�  � ����� ¡������� ������� �������&, ���������� 
��������� ��#�� $, ����<� $ �������, � ���#� ��*!�� ��$�!��� � ����� , ����U@�� �� 
���������� �<����! !������, ������ ������ ����� ������������ �<����! ��� � ¡�& 
��� � *<��� ������-�������<����$ ������.  

��@��������, <� ������� !�� $ ���� ����#������ ���*=����� �������  � 
�*@������� �� ����������� !���!��!�<����$ *����& �<����! !������ � ����=����, 
������@����� !�� $ ����, ���������� �� �����& ����$���� � ���� $ �� �*����� !�� $ 
���, $������� ��� $ ������ ��!����� & ���� ��*#�U@�& ������, � �@� �� � ���& ���� 
������ & ¡��!�<����& *@���. 

�����$��<����� *����� ��������� ������ $ �����#����& }�����! 
����������<���! �����#����� (����*����� }������� ������-������) ������� ����������, 
�������U@��� ��$� � ���������� ��$��!�� ��������� �����#����&. �*��� ��� ��#�� 
���������<������ �������� � ������������, !�������� � !�����������, ���<�-�*����!��� �� 
��#������ � <�������<� �� �����������, � $���������*U��� ����� ��#�& �������&. 
�*�� � ���� ����*U� ��#�*U #����*U ������*, ����@*U �� �*�� $ �� � �����& #�� � ��#���� 
�@����U � 8 �. 
¡�������� ������� � =���� ���. �, �. X��������� ��������� � 6 � 
16. X��  ����  � ���������� . |�� ����� �� ���������� $ � � $�! ������� !������. 
��� & ������ $���������*���� ��������� � !�� � ���������, ������� ������U@���� �� 
*<�����$ ���*����� ¡����*������� $ � �����, �@�� ����#������ ��� $ ����!��� 200 ��.  

�����#����� (}������, |!�����, ���������, �*�����, Y��!�����, ��$���� � 
>��$��-|!�����), ���!�U@�� ������* }�����! �����#�����, ����� ��U� � ��<�*U ���� �� 
1100 �3/< ��<�@��� $ =�$�� $ ���� � �� =���& �������������&. ��� � ���  
�����#����� ����#�� ���� 10% �����! ���������� (SiO2), �¡��* ����������� � � ���  
�����*U� �@� & <�! ������� �� ���� �� �����!�U@*U ��������U, � � ����� �� �! 
���������. X �� �*����� ����#�� ������ � ����. >���=��� � ������� � �� ��������� ����� 2-$ 
��� �������U� ���� 50% � �@�! ����� ����������� $ � ����. >����� � ��� � 
���������� � ���& �������� ��������! �����&�� ��&�� *<����*U� ����� ���<����, ���: 
����$������ ¡����, ��������� =�$�� $ �� � ���& ����$���� $���$������@ �!��������! 
����������, �!�*�<�-���!�*�<� � ����  �� �*�����$, �������� ��������� ����& �� 
�!��������& ������� �*�  � ��*!�� ���� . >���=��� � � ������ � <�����  ����#�� � 44% 
��*���� �������, 0,8-0.9% ������, ���=�� 8-10% ��� ��*����& ����������� 0,01 �!/�3. 
}������������ ���=�$ � ��& $���������*���� �$ �*����� � ��������� � ���<�����, ���� � 
��� ����� - �*������ $ �*�-58, ��� !������ - 70, ���������� - 67, }������������ ����=��� $ 
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<����� � �� *������ $ �*� – ��������*�� 50, 63 � 57%. ?���!����� � ����&������ � ���� � 
���-, !���- � ������* }������� �*����� ��� ��U� ����� ����&����� �� �����!�U@�& ��&� 
��@���U � ���� �������� $ �������� � ������ - �� ��!�� }�����! 
������. }������ 
����������<���� �����#����� ��#���� ��* �� =���& �������� ��� ����$����U 
��!���. }����<����� � ���@�������� !�� $ ��� �� =��� ���������� � ������� ¡������� 
�����, ���� � �������, X!�� � *����� � ��������� ����<���! �������� �������*U� 
����������� ��� ���������U � $�� ¡������&. X� =����� ¡������� ���*$� �����#������� 
!�� �� �*�� �� ������ � *�����������& �������U@�& ����<�& �������� � �����#���& 
�������� !�� $ ����=����. > $� ¡������& �������������� $ ��� *�������� ������ � 
��&���� � ��!��! ���*$�, ���� ��-�� � ���! ��!�������� ������  ��#������� 
������� �������� *����=�����. 

¢����*������ �����#����� ������� �� 170 ���. }*������ ������� ������ $ � 
��$�!��� $ ������ �� <� � ���������� � ��� �*���������� ��$����� � ������������ 
���������� <�!� ������� !�� $ ���� �� ��*#�U@*U ����*.  

������*�!�� ������-�����! ���������� ����#������ � �������� � �������� & 
���*$ !��� ������� $ !���, ������� � �¡����&: ������, �����, ������, � =����, ��*�� � ��. 
������ ����� � ���� *������ $ ��������& ����������� ���� �� ���<�����, ����� ��� $ 
������� <��� � �������� ¡�����<����� �������� � � ���  ����������! ����������. 
^���<�� � �$��$ � ��! ���<����� *!����� (������) � ���  � � ���� ������<���� !����� � 
���� ���!�� �$�� � � �������� ������� $ !��� � ��*!�$ ���*��� !�����. X����� 
�������&����� *!����� � ���  � � $�� �� �� ������� !����� �� �����*U ����$���� �� 
���@�� ���� �������� ���#����� � �#�� ������������ � ��������, ���� ���! � !����� ���  � 
�$��$. X���#������� ����� ���*=� & �����&� !.>���������� $�������������� � ��& 
��!���������U, �¡��* *����� ¡�! ����&����� ������ ����������� ����� �� ��������� 
���<���� �$ �����������. }������� ������� !��-�����& ���*��������& �!�������� �� 
���* � ��*�* ��� ������ ������* ��@��  ��*#�U@�& ������& ���� , ����� � *�����$ 
� �<� $ ��=���&. ^� ��! #����� ������� � !� � �������! ������� ���$����� ������� 
���� ���!����� ������, �����, ������, ��*��, ��*���� ��� , ���� *!�����, ����� ����, ���� 
�����, *!�������, �!���<���& � ���������& � �� � ��. ^������ �� ��������� � �� 
������� � !�*���������� *���� ���  � ��$��!�<����* ������*#���U, �� �� 
����������� �� �����<����� ���������U ����$��! ��� ����$��! ���������� � 
������������ �����*�! ����� ���������� � ��� � ¡���!���*���. |�!������ ���� 600 
�������� $ �������� ��������� ����*����, ���<�� �� 400 �� ��$ � !.>�����������.  

X��� =���� X+
 � ��#�� � �������� ���*! ����� «¢���������» ����U������ �� !�*���� 
� 80 �� � ����*�� � 3-$ ��������, �� !�*���� � 30 �� – � ����*�� � 5 ��, �� !�*���� 10 �� – � 
����*�� � 8 ��. ?���!������ ����#���� ������, �����, ������, ����, ��*�� � �<��$ ���� =��� 
X+
 ���� <�� � 200 ���. }��*��� ����&����� ����� $ �� ��@���� �!���<���! � 
���������! ����$#����� � �<������ � ����� ��#�� $ ������� � ���  *����<���U� 
�����!���*U, �*��!���*U � ������!���*U ��������� �� �������  ������ , ���U<�� <������. 
>���&����� !�� $ �������� ���������� � ���*������ «����& �������», � �����& ���� � 
��������, � �*����������� ������������� � �������&������ ��#�* ���!�<������ 
¡��������� ����=����. X ���� �������� �� <� $ ���� ������� ����&����� �� ����* ������� 
��������� � ����!��� ���! ������*�� � �����* �����=���� ������ ������ �����#�����. 
>��U<�U��� �������� � ����� � �������� – ����������� & ��� �� ��������� ���� � 
�����=���U ����������� �����������, <� ������� �������� � �����#�@�� ������� � ������*U 
�� !�� & ��� ��������U. 

����������� ��$��!�� ���������� ���������� � ������*�!�<���� ���������� 
����� ���=�� ����  =���� �� �����@����$ � ������ $ ���$, �����#��� $ � !����& 
���, ������ �������� $ ��������, ����� ���<������ & ���� ��*#�U@�& ����� � <�����*. > 
!.>���������� ���� «¢���������» ��������� ���� ������-����� � ���������  }������$ 
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����������<����$ �*� � ��<���� ���� 100 ���, �$�  ���������� ���! � ����� ���� 3,5 
���. � �����@��  �� �����@���� � �� ������� ���. ��@�� ��@���, ���������� ������� � 
!����& ���, ��������� �� 35 !�. }���� �$�� =���� �������� � ����. 1.,!�� ���<�� 
����������� #�����, �������, �������.  

 
�	���	 1. #���	� ��	��� ������	 {^{ «����������». 

 
Au, 
 !/� Ag, !/� Zn, 

 % 
Cu, 
% 

Fe, 
 % 

SiO2
, % 

CaO
, % 

Pb, 
% 

As, 
% 

C, 
% 

S�@,
% 

Mo, 
% 

Mn, 
% 

Co,  
% 

1,5-2,5 240,7 2,4 2,6 21,3 12,3 0,7 0,3 0,14 14,9 1,95 0,02 1,06 0,01 

 
��)����"������ =��"�WW� ! ��%��W���� ! ���%X����% ����$����% 

��*���� ¡������� , � ��� � ������� !�� � ��������� ����*����� }������� ������ 
������. ����U��� �������� ���������! �������� *<�� $ ����=�������, !�¡��!�, 
!�!���� � ��*!�$ �����������, <�� ����������� ������� � ������������& �������  � ��&���, 
������� $ � ��!�������&, �� �������� ������ $ � ��!����� $ ��$�!��� $ �������. ����� 
��������� ������� ��=� � ��������, ����*@��� !�� � ���$���� � ����=����� � ��&������ �� 
�� �������<������ �������<������, �!����<������ � ����<������ ��&������ !�� $ �������&. 
���������� ��������  !�����<����$ �������, ����������U� ������� � ���������, �¡��* 
�@������� � ����  � ��������� � ��$��!�� ¡�������� ��������� � � ������� $ *�����$ 
�!*� � �� ���������  ��� ��������*U@�& ����������� ��� ��@� �!*� �������� 
���������� ��. 
�� � � ���<�� ����� � ���� �*@�$ �<��� $ ���������$ ����<� ����������& 
������� � ������U ¡��������& ������  �������������� � �����$ ��&���*U@�& ������-
��$��<���& ������  (X�}) � ��� ����������� !��-������*�!�<����$ ���������. X¡��* � 
�<��� $ ���������$ �*�*� ���������  ��� ������  �*������������ (X�}) � *<��� �$������� 
������! ��������� � ¡�������� � ���U������ �������� ����� $ ��������& ��&���*U@�! 
�����$����! ��������������. > ������� ����  � � *��������, <� � ��� ����������� 
�������! $���$������@�, *����� ��!�������� �<����! ������ ����#��� �����. ���� 
������� �<����! ������ ������, ���#�� ���!, � *�������� ��������� � ��� ����� $ 
��@���� � ���#�& ��  ���!�� � ��*#�U@*U ����* �������! $���$������@�. 

> ���� (���� 5-20 �/�) ������ ����� � !�� $ *�����$, � ���� � ��������U����& 
���<�U��� ����, ������� 2-5 ��� � !�, � ��!�� ��� � ��� ������. 
�� ������� ����U�����, 
$���$������@� ���*���& �!��������& ������� � � ������ ��� *<��� !������� $ 
����� � ����. >�������� � �&�� ���� ���� �������� $���$������@� ���� �� 
����&����� ����� $ ����*����& ���*=� $ ����. ���$=�� �$�  ������� � ���<������& ������� 
����<� �, �������U��� � �������& �������. > ��#!�� $ ���������$ ���� ���& 
����������<���! �*������� ����, � ������ ������������  ¡�����<����� ����� � 
���������� – ������!�� � ����!��, <� ������ � $���<������ ���������� ���������. 
X����� � �, � ����*U <�����, �������<����� �����  ����� ���!������ ����U� �� ���� $ 
$���<����� ���$���, ������, ����<� �� ��������� ��!�����! ��������, �������, 
���$�����& ����&, � ���#� �����<� �� ������ �����&, �*��������� �� ������������ 
�����& ������ , ��<���� �� ������ ����������& !��������. > ���� ��� ¡�& ��  $��������� 
����������� ������ �@�� ������������. X ���*������� �������� $ � �����–������� 
2017!�� �����*�������� $ ����������& ����$���� ���#�& ��  �������! $���$������@� � 
��@�U ��������! ����!����*��������! ���������� Olympus (��������� $���<���! 
������ VANTA) =�!� � 5 �, �¡�������� ����#���� $���<����$ ��!�������� � !����� � 
����*U@�� ����, � �������� ��<�������: ��U����& - 2,2-5,4; ������& - 8,3-20,0; ���� - 1,5-7,2; 
#���� - 2,5-12,6; ������ - 1,1-2,6; ������& - 1,1-5,2; ���� - 1,1-12,8; �����& - 1,1-2,0; ���� - 1,1-13,0. 
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����� ��������� ����#���� �¡�������! ������ � ����$����� ��� ������ � 
���������& ���� �� ���*���& �!��������& �������, �$�  �!�@���� ���& 
!������������ ��������U��� � �������� $���$������@�. ����� �� ���#� $ ����� 
<����� ��!������� $ ��#�� �� ��������� ������ �������� ����������� �����<� $ !�*�� 
�������& ��� � ��� ����#� $ ��� $���<����$ ¡������� �*��� ��!����� <���� �����*U 
������*. ^��� �������  ����������� � � ��* ������� �������� $ ���� �������& ��� �$ 
¡��������! ����������� ��� <����� �<�  � ��#�� $ �������. ^�#� �� ���.1 ��������  
���!���� , $���������*U@�� ����#���� �����<� $ ��!�������� � ������ � �� $ ���� 
�������&, � ��#��� $ � ��� ����������� �������! $���$������@� (� 5-10 � � !�����  ���� ). 

 

���.1. \	�"�� �����& ���	�� � ����	�� �	��"��& ��
�� �	������. 
 

X�������� � ���*�����  ����������& � �������!* �������& ¡������� !��& �������� 
�������, <� �� �����<�U��� �����<� �� ������� �� ���������� ����������� ��#�� � 
������  � ��<���� ��!������, <� �#�� � �� ��������� � ��<����� ���!������ � ����� 
��������� !��& �������� ���� �� <� ����� $ ������� $. 

 
��!��� � =�����>���': 


�� ���� �� ��������� $ !������ �<�� ��� ��� �*�� � �������� ���U� � ���� 
����#���� ��#�� � ������ . > ��� ����������� $���$������@� ������� � ���& *����� 
����#���� ������ � ����� � �����  � �������, ���������, =����� � ���$�����, ���<�� � 
���$����� ¡�� ������  ������<��  � �����& <����, � � ����� ��� �*=��� ������<���� �� 
���!��*�� �� ����<�� *������ $ �������.  
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����� �����, �� ��������! ����! � �� ���� ���, <� ¡����� �������& ��� <����� 
�<�  � ��#�� $ ������� ������� � �����& ������  � ���� ��������. ^��$���  ���� 
�������������� � ����������� ��� � ��� �������& � ���� � ����� ������� �� ��&������ 
� ��=���U � ��� ��!���������, ��� � ��!���*U� � �<���� & !�����. 
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ABSTRACT 
Studying the worked out areas of the existing mines will allow us to study the transformation processes in the 
worked out space, which will allow us to determine the scope of work to reduce the impact of the worked out 
areas and closed mines on the ecology of the coal mining region. When liquidating coal mining enterprises, 
one should take into account: tectonic disturbances of the coal-bearing massif, the water content of the 
horizons being developed, and gas migration, both in the coal-rock massif and on the surface. 
Key words: ecology of coal mining regions, mining space areas. 

 
�W�#=����� 

> �������� !�  ���<������� �������� *�������� �� ���� ����������* �����<���U 
����� $ ������� $, � � ¡��!�� *!���� ��U@�$ ��!���. ^� ��������� ������  
�������� ��U��� ��� *!���� ��U@�$ ��!���, ��� � ����U� �� �$ ��*#�U@*U ����*. > ��<��� 
2000-$ !�� � � ������� ����@���� �����U@�$ =�$� (���� ���), � ������ , ��� � 
������U� � *!��� $ � ������$ ���U� ��!������ ������� � ���� �$ ���� ���. ^������ <����� 
�$ ������� � �������� $ �*����$ – �����  � ������� �����&, !�� � ������$ ������&, � �� 
��������� �������� $ �*���� – ������� , ������������ ��������&, ��������� !��������� 
����$����. 
�� ���*����� ���<������ � ��������� *!���� ��U@�$ ��&�� ���U� ��$�!��� � 
��!�*���, ��� � ��!����� ���� ��U��� �� ��*#�U@�& �����. 

|��<������� �������� ����������U ������� *!��� $ =�$� *������ �.�. ���������, >.>. 
�*����, �.?. �*���, �.?. X������, >.�. >��$����, ?.>. �����, �.}. 
��& � ��!�� ��*!��. > � 
�����, �!�� !����� �������� � � *����� ������������ �����* ��������� *!��� $ 
�����#����&, ������� �������� $ � ����� �� ��*#�U@*U ����* �� ��������, �� 
����U<����� ������ $ ��������& ����$����, ������U ��������. ?����������, ������� 
�������� $ *<����� *!��� $ � ����� �� ��*#�U@*U ����* ������ ������� ����  � 
���#���U ��!�����! ������� � ���� � $ =�$�. 
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��������� � X����� �WW����!���' 

> ���* ��#��  �����������, �������� � � 2010 -2015 !��$, ������  ������� 2019 
!��. ^� ������� ���� 300 ��� *!��, ���@�U@�$ ��� � !��� � ���������� $ ������� 
�������� $ *!��� $ � �����. �������� � ����������� ��������� � ��������& 
��������� �X «�
�^��
����L�^��» !. X�����, � ��������� �X «+����!��!��» !. ��$�*�. 
�������� ��� � �$ ������� � ��������� �����������, ������  ���������� $ 
��$�!��� $ �������� – ������� �*��������. +�� ��@���& ���������  ���� � !��!�<����$ 
� ����=�&������$ ��*#� =�$�, �� <� ����  ���!����  +. �*��, �. ���<���, �. X������&, ?. 
^�����&. 
 


�J#������ �WW����!���' 

�!��� � =�$�  �� ��������� ������  ��<��� ��U ����* ���� 250 ��� �����. |� ¡� 
����� !�*���� � ����� �*������� � ������ $ ��!���$ � 1600 – 1800 �, � ������� 600 – 900 � �� 
����� (+�����& �����&�) � � 500 – 800 � �� ������ (������->� ����& �����&�). > ���������& 
<���� – +��������& �*�*!��� & �����&�, !�*���� ������� � 90 �, � =�$� � 250 �. +�� ��#�! 
*!���! �����&�� (���. 1) ����<��  ��� �@��, ��� � �������*���� � ��������� ���������& 
� ������ *!��� $ ������, ��� � ��!����� ������ � ����U� �� ��*#�U@*U ����* � 
�������*U��� � !��!�<����� �������� ��!���. 
 �#�����U, ������� ����������� ������� 
� ���� � $ =�$��$ �����#�, � ��� ����������� �������� $ <����&, ���#� ������� 
����!�� ��� �������� ��������� ���� � *����=���U ��$�!��� $ ��!�*�� �� ��������� 
*!���� ��U@�$ ����������& � *�*<=���� ¡��!�<���& ���*����. 

 

 
������� 1. `	��	-�&��	 �	��������� ������& �	������� �	 ���������� D��	��� 

 
+�� ���$ =�$� $��������: ��������� !��������<���! *���� ����$���� (��!������ 

����$���� ��� � ��������), ����<�� ��������, �������� ��������& ���@�������� ��� � 
��!����� !��� � ����$����, ��������� ������ �� ����� � ��������� ����� �� 
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����$���� (������->� ����& �����&�). >�� ������� � ���<��  ���*� ��������� ������� 
���<� $ ��@, ������ $ ��, ¡�������.  

> ��&��$ *!���� <� ��� ��������� ���������� $ ����� ����������� � 
��=���������� ��������� *�������� ���������� ��$�!��� $ �����$ ���*��*�, ������� $ 
«=�!�����& �#�&» [2]. ^������ $��������  �� ��� +����! �����&��, !�� *!��� � �����  
����!�U� �� *!��, � <���� �� ��$ �������� ��U��� ���������*���� � ������U, <� ������� ��� 
��������� ����� ��������� «=�!�����*U �#*». ¢� ��!����� ������ �� ����$���� � 
����=���  � !�*��� � �� , <� ��� �����& ��  ��!��� ��!����� ������ �� �������� 
����������! ����� � �������. 

X�� ��������� *!��� $ ������ � �������$ !���, <���� ������� ��� �#� 
�����#����� � ������* ������& � !�����$ ���*������&. ^�!����� ���� ��U��� ���������� � 
�� ��������� $ ��!�$ ��� � !���$, ��� � �� �$ ���������, � ���$ ������� ��������! 
����������� *!��� $ =�$�. 

�������� ���@�������� ������� ������� � �� =���U !���& ��!����� � ���������U 
!������� $ �� �� ����$����. ����� ��  �!*� � �� ���<����� ��!�����. X ��=�� 
������������ ����#���� *!������� $ !��� � �<�� ��������� � 4 ���� � ��������� � ����� 
�� ���*� �� ������ �� � ��������. }�&<�� ¡�� ����������� ����#�U���, <��  ��������� 
��������� � �������. 

��� #� ����� ��!����� !��� � ����$���� � !���$, ��� ��� � ������$ ������& �����U��� 
���<������ � �������� *!������� $ !���, � ���*������ ����$��� ��� �  � �$ ��!�����.  

> ��� ������� ���<����! � Y������! ����� (���. 2) (�X «�
 
�������������») ��� 
��!������ ��������! ����������� ����=� ��!����� ��������& � ������. ?�������� 
*!������� $ !��� (������) ����$��� � ����$ ���������$: 0,86 % (� ��<��� ��*<����); 1,2 – 1,8 
% (<���� 1 �����U ���� ������������ �������); 16 – 20% (<���� 6 ������ ���� ������������ 
�������). ����� �����, ��������� !���& �������U@�& ���� ���� ��������*U ����������*U 
��!����U !��� � ������<����� ���*=�����, � *!������� �������, <� ������������ 
�����#����� � ������ ��#�* ��*�� ���*=������. 

������������ !����� ��!����� ������<������ ���*=������ � ����& � ������ �#�� � �� 
�����#��� � � ��*!�$, ����!�<� $ � !��!�<����* ������U, *!������ $ �������$. 


�� ������, ��$�!��� � �������� (�������� � � ������) �������  ���@�U@��� 
������ (���<�������, ��!��������, �����������, ��������, ���������� � �$ *!���� �� 
���������) � *!���. �@���� ��$�!���! �������� *����<������� � 1,5 – 2,5 ���� � �@���� 
� �������! *!���! ������. �� ������� ������� ��!�����U ��������! �����������, 
���� ������ ��������� *!������� �� !����� [2, 3]. 

����� �����, !����� ��!����� $��������� ��� �������� $ <����& *!������ $ ������� 
� �#�� ������������ � ��<����� !���! ��������, <� ���#��� ��!����U !��� �� ����$����, 
���#�� ¡�����U !��� �� ����$����. 

X�� ���� ��� =�$� ��� �������� $ *<����� «���& ����������&» �� =����� *����� 
������ $ ��. ��$�� � ��  � ����* $���<����* ������U, ��� ������ ���� �!������� �, � 
��!� ���*��U� � ������U � �*���<�& �������& � #����� �� �����*������ [1, 2, 4]. > ����� � 
���*��*�& =�$�� $ ���&, ���#� � =�$�  ����������� , <� ������� � ����������������U ��, 
�!�@��� $ !��� � $���<������ ¡���������, � �����* ���� $ � �����. ���#� ������ � ��  
�� ���� �������� !��, � � � �����U� �! �� ����$����. > ��������� �����������, �� �<�� 
!���& ��!�����, ����$��� ��� @���� ��  !���, <� � � ��*<�� ���� �� =�$�� «}���-
X�������» (5 ��� ���� � *<���� ���& ����������&). }���*�� �������, <� ���<���� 
*!������� $ !��� � ��� *����<������, � ����� & !����� �������� ��������������� � 
��-!����� &. �������������� =�$�� $ �� ��!����� ������ �� ��� , � ��� �� �� 
���*��U� � ������, ���*=�� ���������� & ������. 

���������U ������->� ���! �����&�� �������� !���������� ��������� �� 
!�*��� ����!���� *!��� $ ������ � ���<������� ���<���� �� � �<��. >��������� <�!, ��� 
������� ��������� $ *<����� ����$���� �������� �*������� �� !�*���*, � 80% �@���� � 
�����<���& *!���& ��<�� (0,8 – 1,8 �), � ����*U��� *<����� �������  �� ����$���� ��& 
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(����, ����) [2, 3]. 
�� � ������U ������U� ����=��� ����$���� � �! ���-����$���� & 
������, ���������� ��� � #�� � �������. 

 

 
������� 2. ��	����� �������"������ �������� `�	���	��������� ��������'������ �	���	 <* «D` 

`�	�����	���	�» !������� �	����� 
 

X������� �!�������� !���!��!�<���! �������!� �� ���$ ������������ $ =�$� 
(���. 3). �������! ���#�� � ���#� $ �����U@�$ =�$� � � ��!��� � ������. 

 

 
������� 3. {��	���	��� � �����
���� ��
��������"������ ����������	 �	 ���& ����
����	���& 

'	&� 
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+�� ���$ *!���� ��U@�$ �����&�� $�������� � ���<������� ������� �������� �� 
�<� . � ������  ������������, � ����$ ��������$ ���#� ��*<��  �������<�. ������ 
�������, ��*<���� ¡��!�<����$ ���*=���& � *!���� ��U@�$ ��!���$ ����$��� ��! ���, � 
¡� ��������������� ��� ���*�����. }�!��� ��! ������, <��  *�*<=��� ¡��!�<���*U ���*���U � 
��$�!��� ��!�*#��� $ *!���� ��U@�$ ��!���$, � �@� ���=� �������� ��=���.  

X�������� ��!������ ��������! ����������� ���<������ *����=��� ¡�����U ������ � 
}�2 � �������*. ����!��!�<����& �������! ���� � $ =�$� ������� ����������� ������ 
�� , � �� ���� ���#���� ����� �$ $���<���! �������, <� �� ������� ��!�������� 
$���<����� ������ , ��� � �!*� ��� ����$����. 

 
��!��� 

?�*<���� �������� $ *<����� ��&���*U@�$ =�$�, ������ ��*<��� ������  
������������ � ��������� �����������, <� ������ ��������� ������� ���� � ���#���U 
������� �������� $ *<����� � ���� � $ =�$� �� ¡��!�U *!���� ��U@�! ��!���. X�� 
���������� *!���� ��U@�$ ����������& ����*�� *<�� ����: ������<����� ���*=���� 
*!������! �������, �������� �������� ���� $ !������ � !���*U ��!����U, ��� � 
�������, ��� � �� ����$����. 

}���*�� �������, <� ������  ���& � !���& ��!����� ��� ���� ��� � ����� (=�$�) 
���������*U���. 
�� ���������, �������� ��� ������  ���#��  ��� ������� *!���! ������ 
�������U��� � ��� ���������� $ �����������$. ���*�����  ������� �������� $ � ����� �� 
��*#�U@*U ����* ��$����� �� ��<���� $ *����$ ��*<����, <� �� ������� ���������� ������� 
¡� ������� ��� � �������� (���@���� ���, �������� ���@��������, ��!����� ��  � !���) ��� � 
� ��������. 
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GEOLOGICAL EXPLORATIONS AND OPEN PIT ACTIVITIES AFFECTATION IN RECLAMATION 

DESIGNING IN KOLUBARA COAL MINES (KCM), SERBIA 
 

Mr Sci Bogoljub Vuckovic1, PhD Dragana Zivotic2, PhD Bojan Dimitrijevic3,  
 
ABSTRACT 
Geological explorations in Kolubara Coal Mines runs from 1936. year up to these days and still ongoing. 
Results of >7,000 drill holes with ª580,000 m of core drilling which provide lignite resources of > 4,1Bt. Out of 
which 1,15Bt are excavated since 1986 of XIX up to early years of XXI century. For further mining operations 
in open pits stay 1,5Bt of lignite. Under waste heaps are ª80 km2, additional 85 km2 should be filled. All of 
those masses/areas were, are and should be under mining and biology reclamation. 
 

GEOLOGY 
The Upper Miocene Kolubara lignite basin and Kolubara coal Mines (KMC) is located about 50 km 

SSW of Belgrade, and covers an area of nearly 600 km2. Geological exploration in KCM provided in next 85 
years was started with buckshot drilling, and continuous with various technological types of drilling rigs. Since 
1936. within the Kolubara basin in total, has been drilled over 7,000 drill-holes (Fig.1) with 580.000 m of cores. 
Exploitation started since 1896 in the eastern part of the basin (Tvrdojevac underground mine) and until 2019 
in total has been produced 1,1Bt of lignite and up to 3Bm3 of overburden sediments. Most of the excavated 
lignite (90%) used for electricity generation in thermal power plants. Lignite resources in the Kolubara basin 
estimated at 4,1Bt, while non-metallic raw materials are hundred millions m3.  
 

 
Figure 1. Kolubara Coal Mines area, drill-holes since 1936. year; total >7,000 holes, e.g. 580,000 m of core drilling; dots 

– drill holes, curved line – river Kolubara which divide area on East and West side 
 
The Kolubara basin consist of Paleozoic, Mesozoic and Cenozoic rocks [1]. The border and the 

basement of the basin are made of Paleozoic schist, gneiss, slate and sandstone, Mesozoic carbonate and 
marl sediments and Upper Oligocene and Lower to Middle Miocene volcanic and pyroclastic rocks. The central 
part of the coal basin is consisting of Cenozoic and Quaternary sediments (Figure 2). The Kolubara basin is 
south part of the Pannonian Basin System, formed in shallow lacustrine, delta plain and fluvial environments, 

                                                      
1 EPS Serbia, Kolubara Coal Mines, Design Division Project, Lazarevac, chief geologist 
2 University of Belgrade, Faculty of Mining and Geology, Department of Economic Geology, full professor  
3 University of Belgrade, Faculty of Mining and Geology, Chair of Surface Mining, associate professor  
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which became Lake Pannon [2] during late Miocene. Neogene of the Kolubara basin consists of[2]: 1) Lower 
Miocene fresh water marlstone, tuffite, and claystone; 2) Badenian (Middle Miocene) marine sand, loosely 
bounded conglomerate, freshwater sand, clay and gravel; 3) Badenian-Sarmatian (Middle Miocene) sand, 
clay and gravel; 4) Sarmatian (Middle Miocene) brackish clayey-marly and sandy sediments and limestone; 5) 
Pannonian (Upper Miocene) caspi-brackish sand, sandy clay, marly clay, silt, rarely gravel and marlstone; 6) 
Pontian (Upper Miocene) fresh water clastic sediments, with three coal seams: oldest the Lower coal seam, 
Main coal seam, and Upper coal seam (Fig. 2).  
 

 
Figure 2. Kolubara Coal Basin, light gray – Paleozoic metamorophites and Mezozoic sediments; dark gray – Cenozoic 

sediments; black – coal beds; 3) Upper coal seam, 6) Main coal seam 
 

The Main coal seam extends over a large area of the Kolubara basin and covers an area of about 200 
km2. The morphology of the Main coal seam sequence (Figs. 2-4) indicates synclinal form with the eastern 
(fields A, B, C and D) and western (Zvizdar) elevated part, opposite the lowered central one (fields Tamnava, 
Radljevo) and especially southern part of the deposit (fields F, E). The difference between the highest 
elevation of the coal floor of +160 m (on north and east side) and the lowest of -280 m above sea level (south 
part) is 440 m. The average thickness of coal seam, coal and interbred sediments are 31.0 m, 21.2 m and 12.6 
m respectively. 

The Upper coal seam is developed in the southern part of the basin (Figure 1) and cover the area of 
about 36 km2. The average thickens of coal seam, coal and interbred sediments are 11.3 m, 9.3 m and 2.8 m 
respectively. 

Overburden sediments consist of clay, sand, diatomite and gravel with average thickens of 30 m.  

 

Figure 3. Kolubara Coal Basin- east part, drill holes data interpretation; dark gray – roof coal bed; black – mian coal bed; 
light gray – floor coal bed; green at bottom- metmorphites 
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Figure 4. Kolubara Coal Basin- west part, drill holes data interpretation; black – main coal bed; light gray – floor coal bed 
 

MINING 
Underground exploitation was performed from 1896 to 1974. and from that period was excavated in 

total 12.6Mt (figure 5).  
Mining coal in Kolubara opencast mines is dating back to the early 50-ies of XX century. This 

exploitation took place in the fertile fields of Posavo-Tamnava (figure 6). In the first years it was mined at a 
modest scale, and later the acceleration of mining activities began. After the first years of operation, production 
of coal in the open pit '' Kolubara '' is growing from year to year, coal mining capacity increases, so now the 
annual production is about 30 million tons of coal (figure 8). The industrialization of the country and the need 
for energy was influenced by the increasing production of coal and therefore the degradation of the area. Miles 
and miles of fertile farmland have been excavated and replaced by open pit overburden.  
 

 
Figure 5. Underground mining in Kolubara Coal Basin; from 1946 up to 1974 year 

 
At the end of 2020 the exploitation of coal has been completed on six open pits since 1974 on ‘’A’’ up 

to "D" in 2019 year. Since 1994, the open pit "Tamnava–West field" is in operation, northern and central part 
has been excavated, and the southern part of the deposit has remained for exploitation. After the closure of 
the above mines, replacement capacities were opened, i.e. new open pits were successively opened: fields 
‘'E'' in 2015, ‘'C'' in 2016 and "G" in early 2018. In the following years, after the closure of the "Tamnava–West 
field" open pit, the opening of the "Radljevo" open pit is planned.  
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Figure 6. Overview map of mining activities in Kolubara coal basin, end of 2019; (www. RB Kolubara) 

 

 
Figure 7. Opencast mining in Kolubara Coal Basin; from 1952 up to 2019 year 

 
Stripping ratio on open pits was 1:1 in early years, then it was 2:1 in late XX century; in early XXI 

century reached 3:1. In the next decades of operation, the stripping ratio of overburden will be 3.5 and even 
more than 4:1. All of that produce enormous quantities of waste, which were deposited inside the open pits or 
outside in them nearest vicinity.  
 

RECLAMATION 
Numerous attempts to land reclamation brought positive effects, but always on small experimental 

parcels. By the end of 2020, more than 70 km2, or about 7,000 ha, is unused. Currently, the Kolubara mine 
has a reclaimed area of 8 km2, devastated waste zones with auto vegetative processes on 62 km2 and zones 
of active mining works on 10 km2. The picture 8 shows that in three green areas we have 800 ha of 
professionally reclaimed space. The first reclamation works began in 1957 with the planting of 110 ha of 
acacias in fields A and B. In the first years of operation, pure crops of deciduous and coniferous tree species 
were raised on the degraded areas of surface mines in Kolubara, and later mixed crops were introduced. Of 
the deciduous species were planted: maple, ash, linden, alder, acacia and oak. Of the coniferous species, the 
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following were planted: black, white and Weymouth pine, larch, spruce, Douglas fir. Better results were 
achieved by planting coniferous tree species whose acceptance and growth do not lag behind in comparison 
with the normal plantings on forest land. Cultivation of field crops is done on about 100 ha by sowing corn, 
wheat and other field crops. An apple orchard was planted on an additional 7 ha. All of the above are at the 
disposal of the professional service of the Kolubara mine - Sector for Environmental Protection. 
 

 
Figure 8. Overview map of mining activities in the Kolubara coal basin; Tamnava East Field, north of D - 
recultivated areas; light gray - devastated zone of overburden with autovegetative processes, dark gray - 

areas of active works (www. RB Kolubara) 
 

SUSTAINABLE DEVELOPMENT PLANS 
This paper discusses outside the standard framework, recommending a modern approach to 

reclamation and use of space in accordance with the principles of sustainable development.  
Geothermal energy is energy generated and stored in the earth's crust. It is located at depths of 100 

up to several thousand meters. Thermal energy can be accumulated in underground rocks, gases or most 
often in underground thermal or thermo-mineral waters. The temperature is provided by the presence of 
magma or radioactive decay of certain chemical elements. Depending on the depth at which it is located and 
the heating source, temperatures can reach hundreds of degrees 0C. The potential of geothermal energy in a 
certain area can be described as the flow density of geothermal heat (in the amount of geothermal heat that 
comes from the interior of the Earth to its surface every second through the area of 1m2). According to Global 
Network Energy Institute (2015) the average values in Europe are around 60mW / m2, while in Serbia these 
values are significantly higher, in the central part of Serbia are over 100mW / m2. 

In general, the Earth's geothermal energy can be used from shallow or greater depths. Of course, the 
greater the depth of intervention, the higher the temperature and the amount of energy. The above indicates a 
very significant potential of geothermal energy in Serbia. Given that Kolubara coal covers an area of 600 km2 
and that wells could use geothermal energy from greater depths without degrading the terrain surface, we 
conclude that there is a significant energy potential deep below the lowest levels of Kolubara coal [4,5,6,7]. The 
following considerations are of a theoretical nature, based on general data on geothermal energy for Serbia 
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and represent a game of large numbers. More detailed geological research and numerous technical-
technological considerations are necessary for more detailed considerations. Economic parameters were not 
considered. Given the above, we can conclude that the potential of the surface and subsoil of this area is 
huge. 

On the surface of the terrain we have 7,000 ha, or 70 km2, an area suitable for further consideration 

[8,9]. Surface area has not fully defined purpose. The surface area is completely devastated and covered with 
thick layers of waste from surface mines. Waste, by itself, does not have elevated concentrations of heavy 
metals or other chemical compounds dangerous to the environment, and is suitable for all types of biological 
reclamation. Decades ago, the "standard" method of biological reclamation was approached. Alternative 
solutions are needed. 

The energy potential of the underground is huge and is not used at all. The level of geological 
research is low. Realization of works on geothermal energy from great depths does not endanger the 
environment on the surface of the terrain. It is possible to get geothermal energy in large quantities. It is an 
inexhaustible and completely free input raw material. Substitution of energy from coal by another energy is 
achieved. The development of new technologies and the employment of a large number of workers will be 
achieved. Environmentally it is absolutely acceptable and recommended. Ultimately it is sustainable 
development in mining in practice. 

For an area of 70 km2, the amount of completely unused geothermal energy is 6,000,000,000mW in 
just 1 second. That is, it is 60 MW/sec, or 60,500 MW/day, or 60.5 GW/day. That is equivalent to the energy 
contained in 8,400 t of Kolubara lignite [10]. 

The following could be calculated as 1 year/70 km2 = 220,500 GJ/year, which is equivalent to the 
energy contained in 3,100,000 t of Kolubara lignite. The amount of geothermal energy from this area can be 
used for several types of purposes, but still primarily for direct use by heating. Residential and business 
premises, hotel-tourist complexes, sports facilities, agricultural goods (stables, greenhouses, processing 
facilities, warehouses, garages, services, etc.), fishponds, industrial facilities, road infrastructure, etc. can be 
heated. This amount of energy viewed as energy for direct use (heating) can supply up to 210,000 family 
households or less if the use is for multiple types of heating. In any case, this amount of geothermal energy far 
exceeds the needs of the city of Lazarevac and its surroundings. In every respect, the installations of 
geothermal plants do not occupy large areas and do not pollute or degrade the surface of the terrain at all. In 
that case, the terrain area remains for additional complementary activities. 

Previously, about the complete ecological acceptability of surface mine tailings in terms of establishing 
agricultural and forest crops, very positive and encouraging results of afforestation and agricultural production, 
decades of experience in these jobs and huge free areas allow us to play the game of large numbers. Namely, 
the non-standard approach implies a departure from "classic" types of afforestation, and the emphasis is on 
planting acacia seedlings in the entire area. There is a great justification for this and great favorable 
opportunities. Acacia is a type of tree that is very easy to receive when planting, and it is almost equally good 
on all types of terrain and substrate. It is a very resistant species to plant diseases and weather conditions. 
Acacia seedlings are by far the cheapest on the Serbian market and are easily available. They are honey-
bearing during the flowering period and the quality of the wood mass is excellent. The calorific value of wood 
mass is excellent, while the growth of wood mass is lower than with other types of trees. Multipurpose use is 
also possible. 

Conceived in this way, this can be achieved by simple planting in the appropriate spacing, 
successively by plots and years. Shortly after planting, in 3-5 years, acacia blooms in significant quantities and 
represents a honey-bearing agricultural crop. After 10 years it reaches a significant size and bloom, the 
lifespan is over 50 years. Along with the planting of acacia, locally on smaller plots and with planted linden, 
beekeeping sections (plots) with large number of hives will be established. Geothermal energy is produced 
from underground, agricultural and economic activity is performed on the surface, tailings are cultivated, 
afforestation is performed, honey is produced. Also, the value of produced honey is significant and represents 
a saving on the extraction and combustion of lignite, of about 3M t per year. 
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CONCLUSION 
This paper presents natural indicators of energy production and / or possible types of energy 

production and compares the average calculated calorific value of lignite that is still unearthed in the form of 
deposits in the districts of the Kolubara Mining Basin, with other selected types of energy production. Special 
attention is given to the possibility of using geothermal energy as a source of energy production. This type of 
energy is renewable and actually inexhaustible. This process of energy exchange takes place every day, 
before our eyes, every second or day, or year, completely unnoticed and absolutely unused. A complete 
understanding of the geothermal capacity of the Kolubara basin is possible only if extensive geological 
research is performed, followed by numerous multidisciplinary studies of technical and technological feasibility, 
all the way to the final financial parameters. If in the next period the possibilities of using at least 10% of this 
presented energy potential are shown, the ecological and other profit would reach exceptional proportions.  

On this occasion, the specific coefficients of energy conversion into electricity, technical-technological 
solutions of production, environmental conditions and / or problems, production cost prices, economics of 
electricity production, etc. Only some selected examples with the idea are given. to be considered in the 
following period from the energy aspect as relative indicators in technical design and strategic planning. Also, 
with additional activities on the surface of the terrain, it is necessary to perform reclamation by afforestation 
with honey acacia seedlings, during which an exceptional combined profit is achieved. The proposals given in 
this paper are an example of sustainable development in action in the areas where mining has been 
completed and which are looking for the appropriate most favorable purpose for the next decade. 
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