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ABSTRACT 
The huge demand for mineral resources recently, requires ensuring more volumes for tailings deposition. 
Finding the appropriate area for this becomes more difficult, as limitations come from different sides – 
environmental, financial and political reasons, local and municipal reluctance, guaranties for safe operation 
and maintenance. One option for partially solving the problem is to increase the consolidation and dewatering 
rate of the deposited residue. A new approach for this is developed during the last 20 years – mud farming. 
Here, we present our experience in applying such technique at the Benkovski-2 Residue Storage Facility by 
using an Australian-produced amphiroll machine called MudMaster. 
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. . , . . , . . , . .

,
:

;

 (SDA analisys)
 (FEM). , ,

:
;

;
.

. .  “ ”.
:

 –  SEEP  GEO-
SLOPE International Ltd

 -  SLOPE  GEO-SLOPE International Ltd 

 – SEEP
GEO-SLOPE International Ltd

 – SIGMA GEO-SLOPE
International Ltd

 – QUAKE/W GEO-SLOPE
International Ltd 

 – SIGMA GEO-SLOPE International Ltd, .

 - 
SLOPE GEO-SLOPE International Ltd

 - Newmark's sliding block analysis- SLOPE GEO-
SLOPE International Ltd.

:
1. –

.
.

2. -
,

.
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.
.

.
. ,

, .
:  Bishop  Terzaghi  (Ordinary).

. -
.

 /FoS/ 
. - ,

.
 SLOPE/W, 

 GEO-SLOPE Office 12  GEO-SLOPE International Ltd, Calgary. 
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:
1. -

;
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2.
 X 

 – ;

,
Bishop Terzaghi (Ordinary):

-
-
-

 ( )  ( ) ,
.

.  – I 
:

F S-factor of safety 

Strength of Materials for 
Embankment Dams, 

SLOPE STABILITY EM-
1110-2-1902

1 1.25-1.40 1.50 

2 1.10-1,20 1.10 

.

,
-

.
 (Ordinary) Bishop,

.

 SIGMA/W  – 
.

. . . –  – 
.

НАЦИОНАЛНА НАУЧНО-ТЕХНИЧЕСКА КОНФЕРЕНЦИЯ “УПРАВЛЕНИЕ И БЕЗОПАСНОСТ НА ХВОСТОХРАНИЛИЩА” • 28 октомври 2021 г. 
 

Научно-технически съюз по минно дело, геология и металургия 
 

 

35



   

. - .

.
, , , :

: ............................................................................................... G
: ............................................................................................................ W

.

НАЦИОНАЛНА НАУЧНО-ТЕХНИЧЕСКА КОНФЕРЕНЦИЯ “УПРАВЛЕНИЕ И БЕЗОПАСНОСТ НА ХВОСТОХРАНИЛИЩА” • 28 октомври 2021 г. 
 

Научно-технически съюз по минно дело, геология и металургия 
 

 

36



,
,  (

), 
, ,

-
.

- ,
, .

-  ( )
,  ( )

.

  [G]  – 

 (OPE) 
, ,

.

:
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...................................................................... .............. ............................W
 ( ): ......................................... … EPO

,
:

•  SEE (Safety Evaluation Earthquake),  1%  100 
 ( TR=10000 ).

.
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•  OBE (Operation Based Earthquake),  50%  100 
 ( TR=145 ).

.
3 :

•  10%  50  (
TR=475 ). Eurocode 8 . 

•  10%  10  (
TR=95 ).  Eurocode 8 

-
 50 .

•  9,5%  100  (
TR=1000 ).  Eurocode 

8 ,  (  100 
) . TR=1000

.

,
. ,

 - /NISEE/.

,
, ,

.
 X ( )  Y ( )  [m], 

max, min, xy  [kPa]. 
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.
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. :
,

( ) . .
,

, .
 ( ), ,

. ,
. ,

,
, .

QUAKE/W SIGMA /stress redistribution/
. . collapse surface / /.

 (CSL) ,

.
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Collapse surface definition : ,
- ,

 c / / ' / /. QUAKE / W,
,

. QUAKE / W
.

SIGMA /stress redistribution/  /potentially liquefiable regions/
,

. . critical surface slope . .
SLOPE QUAKE/W  Newmark Deformation.

.  (FoS) 
.

 (FoS) 
,

.

.
:

1. Newmark's sliding block analysis,
 ( ) .

,  (factor of stability – FoS) e  Kfos
< 1 ,

. , ,  Kfos < 1, 
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.
.

,
.

 Newm rk method .

2. Bishop Slope Stability – Bishop.
3. Ordinary  -  ( ).
4. FEM – 

.
,

.
.

,
 ( . .

)
.

,
 /FoS<1/ 

.

,
.
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-

 : ORDINARY, BISHOP, FEM.

 Ordinary method 

 Bishop method 

:

:
 (NC-near collapse):

,
.

;
;

; ,
.  (NC) 

.
 -  (SD Significant damage):

, ;
.
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 –  (DL Limited damage ):
,

;
.

 -  (LOS limited 
operational status): .

;

.
 (OLS Operational limited status ):

;
 (MD - minor damage):

 ( , ,
.) ,

.

.
- .

.
 – 

,
.

.
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.
: , ,

INCREASING HYDRAULIC WATERTIGHTNESS OF TOP INSULATION LAYER OF TECHNICAL 
REMEDIATION BASED ON DRAINAGE GEOCOMPOSITES WITH IMPERMEABLE CORE 

Branimir Bratoev 

ABSTRACT 
The use of geosynthetic materials is a fast, technological and sometimes the only option for top insulation in 
the remediation of waste disposal facilities. Drainage geocomposites can be various depending on the 
production technology and successfully replace natural materials in the implementation of drainage for gas or 
water. This article focuses on the advantages of drainage geocomposites with a watertight core, which 
significantly reduces the hydraulic conductivity of the top insulation layer in landfill cappings of facilities for 
disposal of non-hazardous waste, which does not require the application of a impermeable geosynthetic layer. 
The main advantages of using drainage geocomposites are reported, emphasizing on the environmental effect 
and their lower carbon footprint compared to alternative solutions.
Keywords: drainage geocomposite, remediation, geosynthetics 
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 1.10-3 m/s. 
, ,

-  1.10-3 m/s 
.

, .

4.

, ,

a .

,
.

,  – ,
.

 1 .
- ,

,
. , .

,
.

,
 6

. , -
, ,

.
 [3]  [4]. 

,
, :

 (HDPE) –
,

.
.

:
 –  HDPE 

, .
-

.
 – ,

,
.

 – -  HDPE 
, .
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. 2.  – ,  ( )

 – 
, -

,
. -

 (  20 kPa) 
.

. 3. 

V-  – 
 V- .

 (
200 kPa) .

,
.

. 4.  V-

 –  ,
, .

.
,

, .
 20  400 kPa 

 900 kPa.
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. 5. 

 –  HDPE 
,

, .

 1000 kPa. 
 HDPE, 

,
.

. 6. 

, .
,

.  – .
, , ,

.
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- .
 – / , /

/ .
.

, ,

.

,
,

, .
,

.

, ,
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,
 (FS).  

5.

5.1.

 [7] ,
. .

 [3], - ,
.

:

INBCCCCR
allow RFRFRFRF

QQ
...

1
100

,

Qallow – ,
Q100 –  100 

,
RFCR – , ,
RFCC – ,
RFBC – ,
RFIN – .

:

dreq

allow

Q
QFS

, ,

Qreq,d – .
, ,

.
,

,
, . ,

 1.5-2.5 . ,
,

, .

5.2.

,
,  [2]. 
 (Geosynthetic Clay Liner – GCL) 

,
.

,  15 .
,

.
-  k=5x10-11 m/s 
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,
, ,

 k=1x10-10 m/s.  
,

. ,
-

,
. ,

.
:

ikq . ,

ddHi /)( ,

H –  (m),  
d –  (m),  
k –  (m/s).

,
 H1=0 m. ,

 1 m 
H2=10 cm, .

H1=0 m – 
,

H2=0.1 m – 
,

d=0.01 m, ,
k=1*10-10 m/s, ,
A=1 m2 –  1 

m2

B1=4.4 m,  [8] 
B2=1.0 m, 

 i1  i2
:

1)( 1
1 d

d
d
dHi

11
01.0

01.01.0)( 2
2 d

dHi

,

,  11 - ,
.

,
.

,

q1  q2:
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lslsmAikq

lslsmAikq

/713.34/10.11/10.111.1.10.11..

/156.3/10.1/10.11.1.10.1..
731010

22

731010
11

 1 m2 :

l
B

qBqBBq /328,10..

1

22121

, ,
, .

, a ,
. -

 4.4 m .
.

,
 3  34,713 l/ . -

-
, - .

5.3.

,
, .

.
:

- ,  100 -
 (k =10-3 – 10-4 m/s); 

;
.

;
, ,

;
 100% ;
.

;
 0.5 m  m2 ;

;
;

, .

6.

. ,

:
 – 

,  5 000 m3 , ,
 500 .
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, :
, . ,

 500 mm 
.

 – - ,
.

 [6]  55% -
, .

, ,
.

7.

,
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.
-

, .

, ,
,

.
,

-
.
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4. , . 2017. 
5. Lisa L. Damiano and Eric S. Steinhauser. 2020. A guide for specifying drainage geocomposites
6. Carbon footprint reduction – ABG Geosynthetics
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I  -  783 ,  2001-2002 .
II  - .791

 2006 - 2008 .
III  -  3,0  794.0 m.  2014 .

.
.

,
 „ “. ,  F=446.6 .,

. , „ “  „ “.
 759,  2016 

 „ “,  2020 .  „ “.
 GCL .

 „ “, .759.
 754,90  1.5%  745.8 

.  7÷22 ,  6 ,
 1:2  1:2.5. .

 „ “, .759.
 „ “  „ “ - .  „ “.

 4÷22 ,  6 ,  1:2  1:2.5. 
.

GCL .

2.
 - 0.5 km 

 -  794 m 

2002 – ,  794 
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2017 –  „A”,  759 
2021 -  „ ”,  759 

 ( )   
– 3,88 x 106  m3

 „A”, – 1-  – 1,07 x 106  m3
 „ ”, – 1-  – 0,997 x 106  m3

 „ “+ „ “  – 8,13x 106  m3
   

–   2018.
 2020 .
 “A”, – 1-  – 
 “ ”, – 1-  – 

   
–  (down-stream method). 

 „A”  „ “  – 1-  – -  (down-
stream method). 

 –  7  - Up-stream method. 

 – 48 m 
 “A”  „ “– 1-  –  max 22 m 
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“LJULYAKOVITSA” TAILINGS DAM MONITORING 

Dipl. Eng. Stoil Troshanov, Dipl. Eng. Vladimir Dodnikov, 
“WWS, PS and SX-EW” Department, “Production Activities” Head office, 

“Asarel-Medet” JSC, e-mail: pbox@asarel.com 

ABSTRACT 
This report is about used efficient methods in monitoring system of “Ljulyakovitsa” tailings dam, seeking to 
achieve greater visibility of conditions across dam site. These methods that are given below becomes vital to 
efficient dam management in long terms of life of the mining installation. 
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CREATION OF 3D MODEL OF A DAM OF TAIL-DEPOT BY RESULTS FROM TERRESTRIAL LASER 
SCANNING
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ABSTRACT 
The process for creation of 3D-digital model of dam of tail-depot is presented in details. Main results of the 
analysis about the accuracy and detaility of the model are given. The advantages and perspectives of the 
enclosed technology are fixed. 
Keywords: Terrestrial Laser Scanning, 3D-digital model, tail-depot
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AUTOMATIC  SYSTEMS  FOR MONITORIG OF DEFORMATION PROCESSES  
IN ENGINEERING FACILITIES, LANDSLYDES AND TAIL-STORAGES 

ntonio Angelov1
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ABSTRACT 
This report examines the possibilities of modern technical resources for continuous monitoring of deformation 
processes in engineering facilities, landslides and tail- storages, using a combination of periodic geodetic 
measurements, real-time monitoring and application software. 
A scheme for combined use of modern measuring technologies is offered, including: robotic total stations, 
GNSS, electronic inclinometers and specialized sensors. 
The implementation is based on the existing world experience in this field  and the author's software system, 
which allows processing, storage and visualization of results of deformation processes in periodic surveying. 
The possibilities for inclusion of additional modules for management of geodetic instruments, allowing 
monitoring of the position of the facility or its separate segments in real time are considered
Key words: Engineering geodesy; Deformations of engineering facilities, landslides and tail-storages. 
Scientific area: Engineering geodesy.
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ABSTRACT
The problem of asbestos containing waste dumping is treated in this article. The scale of the problem is 
described on a national and international scale. A solution is proposed for using small mining sites or quarries, 
which are no longer exploited, for the purpose of asbestos waste dumping. The technology is similar to the 
one of building an integrated mine waste facility, with the only difference that instead of tailing material, the 
asbestos waste is used for filling the cells. The proposed solution serves as an argument that even a small 
quarry is able to accommodate the potential waste from the asbestos cement pipes used for supplying a 
medium sized city on a national scale for Bulgaria. 
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METHODOLOGY FOR CONSTRUCTION, MEASUREMENT AND PROCESSING OF PRECISE 
DEFORMATION NETWORKS BY GNSS 

assoc. prof. eng. Yuri Tsanovski, PhD 
University of architecture, civil engineering and geodesy, faculty of Geodesy, department “Geodesy”,

-mail: tzanovski_fgs@uacg.bg 

ABSTRACT 
Tail storage facilities are complex hydraulic structures, the service life of which depends on the structural 
strength of the building wall. Geodetic measurements are an integral part of a control and measurement 
system, and the entry of satellite technologies into everyday life and industry is at a high rate. It is necessary to 
build networks for deformation monitoring, giving sufficiently reliable results in horizontal and vertical direction, 
while the stabilized points are placed in protected places. GNSS technology is the method by which we could 
quickly and easily get an idea of the behavior of a hydraulic facility in relation to its surroundings, which 
requires the application of a methodology for performing and processing GNSS measurements. For a clear 
idea of the behavior of the facility it is necessary to introduce local coordinate and altitude systems, as the 
transition from the coordinate system of GNSS definitions should be done using only orthogonal 
transformations.
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