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SEISMIC ANALYSIS AND ASSESSMENT OF LIQUEFACTION RISK IN EXISTING TAILING DAMS 
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ABSTRACT 
This paper outlines some basic approaches for studying the dynamic response of tailing dams (applicable in 
Bulgaria) and introduce some methods for assessing liquefaction (pore-water pressure increase which causes 
stiffness degradation of the material) risk during seismic excitation. In order to do so reasonable balance 
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between investigations (geophysical, on-site and laboratory) and analysis (analytical procedures and 
numerical approaches) is needed – in such way precision of conclusions might be guaranteed. On one hand, a 
strictly precise number of investigations might allow evaluation of seismic stability of existing tailing dams by 
implementing well-known classical methods (procedures) and on the other hand – to be able to act as 
calibration basis of relatively sophisticated and detailed numerical models which are capable of demonstrating 
in a quantitative way the stressed and deformed shape of the dam for various earthquakes (according to local 
seismic hazard). Moreover, results from geophysical tests (suspension P-S logging and RI logging) and 
laboratory tests (shear wave velocity measurements and cyclic triaxial / torsional shear tests) might allow the 
application of innovative and relatively precise approach for assessment of liquefaction risk (the above-
mentioned method has been officially presented in November 2022 at the Technical Committee 221 – Tailing 
and Mine Wastes of the International Society for Soil Mechanics and Geotechnical Engineering, ISSMGE). 
Main advantages of the method are linked with the use of disturbed samples (it is a well-known fact that the 
extraction of undisturbed samples of tailings is nearly impossible in practice) and its precision (proven by 
earthquakes which have occurred in the past) – it is currently used in industry in Japan. 
Key words: geotechnical triangle, tailing dams, liquefaction, seismic excitation, laboratory cyclic tests, on-site 
geotechnical investigations, seismic hazard, shear wave velocity, constitutive models, numerical modelling 
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ABSTRACT 
The most important problem in the study of deformations of engineering structures is the study of the stability 
of anchor points of the network to determine the displacements of the observed points stabilized on the 
structure. These points, also called “reference” points implement the introduced local coordinate system 
providing real and reliable values of the determined displacements [1]. Their stability guarantees one of the 
principles in cyclic deformation network measurements - the invariance of the output basis. 
The use of GNSS (Global Navigation Satellite Systems) observations aims at fast and efficient determination 
of the displacements of the observed points in three-dimensional space. For this reason, the aim is to develop 
a methodology that provides a reliable stability study precisely in a spatial coordinate system. The paper 
proposes the use of a spatial unimodal coordinate transformation between the current and zero measurement 
cycles, and the development can be applied to both GNSS and classical spatial networks. 
Keywords: GNSS, stability, transformation, algorithm 
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EXPERIMENTAL RESEARCH THROUGH MARKSHEIDER MEASUREMENTS TO DETERMINE THE 
DEFORMATION VARIATION OF THE LOWER PARTITION WALL OF THE "RUDOZEM - 2" TAILINGS 

DAM AT "GORUBSO - MADAN" JSC 

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

Iva Chavdarova2
2"Gorubso – Madan" JSC, Madan, Bulgaria, chawdarowa.98@gmail.com 

ABSTRACT 
The construction of the "Rudozem - 2" tailings dam facility began in 1989, its basin is limited by a lower and 
upper barrier wall in the valley of the Malka Reka river before its confluence with the Arda river. The tailings 
dam facility is a class II facility up to an elevation of 753 m for lower partition wall. The stability test was carried 
out at seismic intensity level VIII. The tailings repository falls on the periphery of a Grade VII area adjacent to a 
Grade VIII area. According to archival documentation of "Gorubso - Madan" JSC, an observation station was 
built for the “Rudozem – 2” [1] tailings dam facility to monitor the stability of the wall according to the 
established method, but their interpretation does not provide sufficient objectivity of the displacements. The 
upgrade of a lower bulkhead requires the construction of a new observation station and a new meshwork of 
stabilized observation points. The new observation station (since October 2022 .) makes it possible to 
determine possible horizontal and vertical displacements using the linear-angular grid method. The analysis of 
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.

.

. ,
,

848, .
,

.
- .
- ,

- .
.

.4

 4 ,
, . .

.
, -  : 

- : 4,00 ;
- : 7,50 ;
- : 17,23 ,

,  ( ) ,
:
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- : 4,00 ;
- : 6,50 ;
- : 16,23 ;

 – 24/7, ,
.

,
,

 – 1:6. 
( )

.
 300-400 .

. ,
.  30 .

 2022
 350 .

:
-  350 , ,  10 ,

 80-120 .
- ,

.
- .

- .
- .
-

.
.

, .
 300-400

.
.  50-60 .

.
, .

.  1,93 / 3.
-  30 .

.
,

.  „S“ .

.
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.5 –  Google Earth  2022
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.

.
.

.

, , , ,
, ( ), (

). 
 in-situ ,

. -
. ,

.
.

.

.  10  Ø600  10 .
 d .=1,0 . .6 

- .
.
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. ,

.
 „ ,  SX-EW“. 

 ( -  200 ),
, .

, .
 4,0 , .

.
.

.7

.
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 ( / )

.
, ,

, , ,
 0.002 % (  1  50 000 ). 

.
:

- , ;
- , .

e
.

 1:3. 
-  30-40

 30 . - .

.8  „ “

.9 – 
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.
 „ “

 – 
 - 

,
.

.  „
“, .

,
 ( ) .

, -
,

.

1.

.
, :

-  – ;
-  – ;
-  „ “ – 
- -2 – 
-  – 
-  – ;
-  – 
-  – ;
-  –  „ - “
-

2.

,
. , .

,
, .

.
.

, ,
.  ( ),
 ( ).

3.

:
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- Upstream ( )

- Downstream ( )

-

4.

.  60-
,

, ,
.

 60-
.

5.

,
 Mount Polley ,  Fundão , ,

, ,
, .

 (CDA)  (ICOLD), 
,

.
- :
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.
.

.
,

:
, .

 ( ).
.

,  „ “
.

.

 ( ). 

6.

 ( ),
, , - ,

. , .
,

.

    
Merrispruit 1994                                                                     Mount Polley 2014 

    
Fundao 2015                                                                Clinton Creek 1985 
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7.  „ “
7.1.

.
,  3 . .

.

 Downstream ( ),
 585.  611 

Upstream ( ), , .

 620 .
 630. 

.

.
, .
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 630 

7.2.  „ “

,

,
.

,  CDA 
( ).

 CDA .

100
;

,

 ( . ,
,

)

7.2.1.  CDA 

:

1.  - s 1.5

2. s 1.0

3. s 1.2

 630 
.  – ,

- s 1.2.
s 1.2.
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. .

, .

7.2.3.
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 CDA, .

.
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3  ( )
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.

,
. .

7.3.

 „ “,
,

. , ,
, .

.

:
1. Application of Dam Safety Guidelines to Mining Dams, Canadian Dam Association, 2014 .
2.  „  „ “  620, 

, 2012 ..
3.  „  „ “  630, 

, 2018 .
4. Chelopech Tailings Storage Facility – Liquefaction Assessment – Golder Associates Ltd – 09.2019 
5. , , 2019
6.  ( )

„ “, , 2021
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 „  1“  „  2“ 

. , s.dimitrov@ellatzite-med.com 
. , l.gerov@ellatzite-med.com 

. , m.boyadzhiev@ellatzite-med.com 
„ - “

„ - ” ,
-

 „ “. ,
. . , , . ,

- .
, ,  1981 .

2001 .  „ -1“,  1998 .
„ -2“. 

,  „ -1“
 „ -2“ .

. 1.  „ -2“(2022) 

 „ -1“

 „ -1“ . ,  75 km .
,  3000 dka.

,  620  674 ,
. . „Downstream”  674  703 ,

, . . „Upstream”. 
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. 2.  „ -1“ 

 „ -1“

 2001 .
, ,

, ,
 „Upstream”, 

.  0,3 m, 
, , .

 „ -1“  „  – 
“  2004 .,  2006 .

 3 : ,
.

- ,
.

. ,
, .

, ,
5  60 m,  6, 8  10 m. 

,  0,2 m ,
 0,1 m, 

,
„ -1“. 

. 3.  „ -1“

1 –  ; 2 –  0,3 m ; 3 –  0,2 m;                                     
4 –  0,1 m ; 5 –  0,7 m ; 6 – 

0,2 ; 7 –  16/2,5/0,075 m  500/420 mm  ; 

,
- , ,  1 % ,

- .
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. 4.   „ -1“ 

, ,
,

. - ,
.

, ,
, , ,

.

. 5. 

 „ -1“ 
.  2001 .

 2007 .
,
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 ( , , , ),

, . ,
 10 m. 

. 6. .

,
. ,

: , ,
 „ 2“, .

.

, - .
.

. 7.  11.03.2008 .
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. 8.  16.09.2010 .

 „ -1“  2011 .  18.01.2012 .,
, .

. 9. „ -1“ .

 „ -2“

 „ -2“  „ -1“, 
„ “.  „ -1“, „ -2“ ,

,  – „ “  „ “,
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.
, “Downstream”  „Upstream”, 

,
.

. 10.  „ -2“ 

 „ -2“

 727  2031 .,
 710.  „ -1“ ,

,
,  2021 .

 290 dka.  2022 .
 120 dka,  2023 .

,  90 dka 
.

. 11. 
„ -2“.

„ -1“,  8  20 ,  8 .
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 2%  0,2 % 
.

.12  „ -2“ 
1 –  ; 2 –  0,3 m ; 3 –  0,1 m ; 

4 –  0,3 m ; 5 –  0,7 m ; 

. 13.  „ -2“ 

,
,

, .
,

„ -2“. 
,

.

. 14. ,  „ “
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 „ -1“  „ -2“ 
,

 „ -2“,
,  „ “,

. ,
, ,

.

1.  „ -1”. 
 „ -2”, . .

2.  „ -2” – , „ ”
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. , tenko.palazov@aes.com 

-

 ( )  AES 
 1   2 000 000 .

 4535 
 6 ,
,  5000 ,

.

-
 ( , )

 AES  1, 
 300 MWh ,  2 000 000 .

 6 
, ,

,
.
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 10 .
,

 4535 ,  1400 ,  4,8 
.  400 .

.
,

.
,

, .
,

, .

47 304 000 .
.

, ,
. .
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3 200 000 .  1 
.

,
.

24 000 000 .
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, ,
, ,

.

 1 
.

, .
, ,

. ,  90 .
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 1 
 (Containment berms), ,

, .
,

 (Drainage Geocomposite), 
 (Soil Cover)  2 

 (Grassing).  
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.

,  30  14  .
 „ “

, .
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1. ,
.

2.
.

3. ,
, ,

 2 
.

4.
, .
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„ “

. - 1, . - 1, . 2
1 , 2  - 

ssimeonov53@abv.bg, kihad@bas.bg, rvatseva@gmail.com 

 ( / ,
)

„ “. -

.

 in-situ 
,

„ ”,
.
-

. ,

.

.
.  ICOLD (Bull. 98, 1995),  4, 

.  ICOLD (Bull. 148, 2014; 
Bull. 148, 2016) ,

.  FEMA (65, 2005) 
 II , : “Site-specific information is 

required … to evaluate local site response effects on earthquake ground motions … through the evaluation … 
of field observations and detailed site-specific investigations …”, /

.

,

 „ ”. 
-

.
 (

, .)
.
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- ,
.

 ( , , .), -
.

 „ ”.
 –  ES-T 

 ES-U2 ( . 1)  Kinemetrics (USA),  200 Hz, 
 155 dB,  0.25 g., 

. 2 (Kinemetrics) 
( . 2). 2  24-  200 

,  100 Hz. 
 ETNA (Kinemetrics) ( . 3)  EpiSensor 

.

,  ( )
.
 1000 - - .

 20 min  30 min. 
2  ETNA  (NB) 

 – firmware QuckTalk  QuickLook  Kinemetrics (1997). 
.

 15 , . . 11 
 4  ( . 4). 

 SMA, Kinemetrics (2004). 

 100 Hz. 

 25 Hz, . . ,
.

.

) )
 1. : )  ES-T; )  ES-U2 
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 2. 2

 3.  ETNA 

,
, .

.
,

.  6-7 ,
 ( )

.
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 4. 

 4.  11 , :
4 – , 9 –  7- ,  11 – , .

 20, 25 
30 min.  5 

: , 7- .
 0.025 m/s2.

.
0.010 m/s2.

.
.

.  – 
 ( . 6). 

/
,  1. 

.
 (Chopra, 1995) 

-
.
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 6. 

 1. ,
 “ ”,

 f [ Hz ] T [ sec ] Damping [%] 
1 0.83 1.20 4.00 
2 1.67 0.60 4.60 
3 2.38 0.42 - 
4 3.85 0.26 - 
5 6.25 0.16 - 
6 7.14 0.14 - 
7 11.76 0.085 - 

 4.  4 . : 2  – 
,  4  – , .

 20, 25  30 min.  7 
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 8. 

 2. ,
 “ ”,

 f [ Hz ] T [ sec ] Damping [%] 
1 0.67 1.50 - 
2 1.00 1.00 4.10 
3 5.00 0.20 - 
4 6.25 0.16 3.40 
5 10.00 0.10 - 
6 14.29 0.07 - 

 „ - “
.

1. Chopra, A. (1995) Dynamics of Structures: theory and application to earthquake engineering, Prentice-Hall 
Inc., pp 84, 419-420. 

2. FEMA 65 (2005) – Chapter II. Design and safety evaluation earthquakes, B. Conducting Studies, 2. Factors 
to consider, c. Local or site geology 

3. ICOLD. Bulletin 148 (2014) – Chapter 4. Selection of seismic evaluation parameters 
4. ICOLD. Bulletin 148 (2016) – Selecting seismic parameters for large dams 
5. ICOLD. Bulletin 98 (1995) – Chapter 4. Design and construction of tailing dams 
6. Kinemetrics (1997) Communication Software for Altus Recorder Systems, D #302208 
7. Kinemetrics (2004) Strong Motion Analyst, D #302415G, 96 p. 
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,  3D .
,

,

, .

.
 Roadmap to a Resource Efficient Europe (EU COM 2011) 

 2014 "Towards a 
circular economy: a zero-waste program for Europe" (EU COM 2014)  2015 
"Closing the loop: an EU action plan for the Circular Economy" (EU C OM 2015). 

 „ “ . ,
,

,  (Vizureanu et al., 2021; Celik et al., 2014; 
2015). 

 „ “ ,
, ,

.
: ,

,
 (Obenaus-

Emler et al., 2020; CRM, 2015; Nergis et al., 2018). 
-

 (ec.europa.eu; Paiva et al., 2019).  2004 .  2016 .
 ( , )  23–30% ,

,
 (NACE) .

 „ “
,  (Burduhos

Nergis et al., 2020; Burduhos Nergis et al., 2019; Youssef et al., 2020; Azis et al., 2019). 
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”
 (

)  ( )
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. ,
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 (OPC), ,
.

( )
,

.
 (  1) 

 ( , , , ),  „ “ ,
 3D  (Dilberoglu . ., 2017). 

 1.  RecMine –  e
“

 "Gheorghe Asachi" Technical University of Ia i,  Universidade da 
Beira Interior, .  „  „ “ “

. , ,
,

,
,

. ,
, .

,
.

 3D  Middle East Technical University, 
 Obratex, .

:
 „ “  „ “,

 „ “. 
.

 „ “ ,
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.
, : , ,

, .
. :

 ( )
 (Ilieva et al., 2018). 
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.
 Al, Si, Ca  3; 6,5  10 M NaOH  72 

. ,
.

:  (Ilieva et 
al., 2020)  BCR .

 1:10  24 .
.

 „ “.
 (19 

% Al2O3  66 % SiO2).  Si:Al 
.  (3 % SO3),

.
, , .

.
,

 (  2). 
 Si:Al=2  4 

 6.5  10 . -  Si:Al=2  30 
 3  4 .

 2. 

 „ “
.

. ,
, .

:  0.77 mS/cm, pH 9.30; Fe, 
Cu, Zn, Cr, Cd, Ni < 0,010 mg/L; Pb 0,17 mg/L; NO3- 1 mg/L; SO42- 370 mg/L; PO43- < 0,5 mg/L. 

, ,
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 ERA-MIN 3, EU Horizon Europe 2021-2027. 

1. Aziz, I.H.; Abdullah,M.M.A.B.; Yong, H.C.; Ming, L.Y.; Hussin, K.; Surleva, A.; Azimi, E.A.; Manufacturing 
parameters influencing fire resistance of geopolymers: A review, Materials: Design and Applications, 2019,
233(4):1–13.

2. Burduhos Nergis, D.D.; Vizureanu, P.; Ardelean, I.; Sandu, A.V.; Corbu, O.C.; Matei, E. Revealing the 
Influence of Microparticles on Geopolymers’ Synthesis and Porosity. Materials (Basel). 2020, 13, 3211. 
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5. Celik K., Meral C., Gursel A.P., Mehta P.K., Horvath A., Monteiro P.J.M. (2015). Mechanical Properties, 
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6. CRM, Common Recyclable Materials; United States Environmental Protection Agency, 2015. 
7. Ilieva, D.; Angelov , L.; Drochioiu, G.; Surleva, A.; Estimation of soil and tailing dump toxicity: development and 

validation of a protocol based on bioindicators and ICP-OES, IOP Conf. Ser. Mater. Sci. Eng., 2019, 572 012110. 
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