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Dear Ladies and Gentlement,
Dear Colleagues,

Dear Guests,

It is a great honour that the CONFERENCE OF THE OPEN
AND UNDERWATER MINING OF MINERALS celebrate its X "

JUBILEE in style. On behalf of the National organizing committee
I have the pleasure to greet all of us for participation in this scientific forum. I am
particularly proud that the Scientific and technical Union of mining, geology and
metallurgy host X—th JUBILEE NATIONAL CONFERENCE WITH INTERNATIONAL
PARTICIPATION OF THE OPEN AND UNDERWATER MINING OF MINERALS.

The objective of the conference is to highlight key developments, stimulate
interaction and share knowledge between the Business and the Science, and to expose
participants to initiatives, practice and technology that are potential keys to our future.

The experts in the field of the open and underwater mining of minerals will be
informed about the new equipment, high technologies, computer systems, new software
products and last directions in ecological monitoring.

The forum will be an arena for exchange scientific and practical experience on
technologies in open pits and quarries. It will be an outstanding opportunity to meet and
exchange new ideas with all already known colleagues, to make new contacts and
partnerships.

May | wish that this Jubilee forum will be realized successfully with the interaction
of the scientists and create enough motives to pave the way for a tangible industry and
academia collaboration.

I shall be glad to great you with the cordial Bulgarian “Welcome” in our country and

to wish you fruitful work and pleasant stay at the pearl of Bulgarian Black Sea coast.

Good luck and success!

Dr. Eng. Tzolo Voutov

Chairman of the Organizing committee
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® Peanusauuna Ha
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u no6buBHarta npoMMLINEeHOoCT

® EKONOruMuyeH MHXXeHepuHr
M CTPOMUTENCTBO

Coghusn 1606
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U rpaxnpaHCkKo CTpouTencteo www.geotechmin.com
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OT MPVPOfIATA - 3A XOPATA, OT XOPATA - 3A NPUPOJIATAI il
FROM THE NATURE TO THE PEOPLE, FROM THE PEOPLE TO THE NATUREI

MuHHo-o6oratuteneH komnnekc ,Acapen-Meaet” ALl e mbpeara, Hail-ronsiMa v BogelLa Gbarapcka MMHHA KOMMaHust 3a JO6WB 11 0GoraTaBaHe Ha MefHN 1
Apyr pyan. OT cbaaaBaHeTo ey pes 1964 r. TnaAnLMOHHO e MMOHEP B 0Tpackia No BHEAPSBAHETO HA HOBY BLPXOBY TEXHMKA U TEXHONOTMM. KoMnaHuaTa e
OCHOBEH (haKTOp 3a COLWANHO-MKOHOMUYECKOTO paseuTHe W 0bnuka Ha obluvHa MaHariopuwe v Masapmkuiuka 06nacT, UMa CTPYKTYpPOOMPEAENsLLO
3HayeHve 1 YHUKaIHO MSICTO B GbnrapckaTa MKOHOMMKa.

,Acapen-Meget’All e nbpeata 6bnrapcka KOMNaHUs OT MUHHUS GpaHLL W TexkaTa WHAYCTPUS, CepTU(ULMpaHa Mo TPUTE OCHOBHU MEXAYHapOaHM
CTaHaapTa - 3a ynpaeneHue Ha kayectoto ISO 9001, 3a onassaHe Ha okonHaTta cpesa ISO 14001 v 3a 3gpaBocnosHm 1 Ge3onacHu yenosus Ha Tpya OHSAS
18001. ToBa e nbpeata 6bnrapcka komnanus, koato npes 2005 r. nonyun Ceptuchukar 3a MHeecTuTop MMbpBY Knac 3apagv MalabHus cu npoekT 3a
MOZIePHM3ALS Ha NPON3BOACTBOTO, Bbannaall Ha Hag 100 MiH. .4,

3a peanuaauysTa Ha MIHBECTULMOHHaTA cv nporpama nped 2007 . ,Acapen-Mezet” belue 06s8eH 3a MIHBECTUTOP Ha rogMHaTa B JOOMBHATA MPOMULLIIEHOCT
oT bbnrapcka areHuus 3a uHeecTuLn. Mpes 2007 r. ce Hapeav v cpef Hail-nobpuTe pabotoaaTeny B CTpaHaTa B HALMOHANHOTO Npoy4BaHe Ha Hewitt,
B kaTeropusTa ,l onemu komnaxui”. B roguiiHaTta knacauust Ha brarapckist oopym Ha Gu3HeC NuaepuTe 3a coumanHo-0TroBopeH busHec ,Acapen-Mepet”
0e OTNNYEH C TPETO MACTO B KaTeropusTta MIHBECTUTOP B OKOMHaTa cpefa” 3apaau peanuanpaHata ekonornyHa nporpama.

Buansta Ha ,Acapen-Mezet” Afl € B AbAroCcpoeH naH fia peanuanpa AHamnyHo, YCreLLHO 1 YCTOMYMBO KOPMopaTHBHO pa3BuTue C (OKyC BbpXy Aobpute
TPaguumMK, MHALMATMBATA, UHOBALMUTE 1 ekonorusTa. EkunbT ot okono 1300 npodecvoHanmcTi-ChbMULLNEHMLM OTFOBOPHO OTCTOSIBA HOBATOPCKOTO
(h1PMEHO MOTO:

Jla mpweHem nbpeu, 03Hayaga da mpbaHeM Hagpeme!

Certificate of Registratior Certificate of Registration Certificate of Registration
2/MOODY

MWHHO-OBOrATUTENEH KOMMJIEKC
“ACAPEN-MEQET” AQl

4500 Manartopuwe, Bbnrapus

OPEN PIT COPPER MINE
ASSAREL-MEDET JSC

4500 Panagyurishte, Bulgaria

phone: (+359 357) 60210

fax: (+359 357) 60250, 60260

e-mail: pbox@asarel.com

MpeacraBuTencTBO:

1504 Cocpus,

yn. Bbpbuua Ne§

Sofia Bureau:

1504, Sofia, 5 Varbitza str.

one: (+359 2) 9433242; 9461044
fax: (+359 2) 9433895
asarel@mbox.contact.bg
office@asarel.com
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SHOTPIlus=-i

BLAST DESIGNER

SHOTPIus®~i e MHgycTpuanya
perucTpupaHa mapka Ocurypsisa necHora
M MbBKABOCT NPH NPORKTUPAHe, aHanu3

W AOKYMEHTHpaHe Ha B3pUBHA DBE\OTH

C NHPOTEXHWYECKH MNW ENeKTPOHHK
MHULMHPALLMK CUCTEMM,

TNeceH 3a notpebuTens nkTepdeic,
NeyaTHH KONuA,
BbEENXOaHe Ha AaHHK

TNeceH HauuH 3a NpoekTUpaHe Ha
B3PUBHM paboT yaoBeH 3a
HaﬂhpWHaHe Ha OCHOBHMW aHANW3K Ha
B3pPMBEH NPORKT W Kankynayuu
5‘&:[]3“ npegBapuTeneH W nocnensaiw
B3PHBABAHETO OTHETH
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LKETE Ce C BaWWs MECTeH

Ta

Exel™ BUCOKO MOWHK He-eneKTpUYecku
AETOHATOPW OCHIYPABAT CTPUKTEH
KOHTPON Ha HHHUWKPaHe € NPOAYKTH,
npegHasHa4yeHn Aa NOKPUAT HYXKOUTE Ha
Pa3nU4Hn MHHHA NPUNOKEHHA.

Exel™ ramara e CAHOHUM € GedonacHocT,
MHOBaUHA W NPEBBLIXOACTBO Ha Hau-
nobparta He-enekTpHyecka BIpuBHa
TEXHOMOTHA B CBETa.

Usnara rama Ha Exel™ e npunoxuma 3a
ynotpe6a ¢ bycrepu Orica Pentex™

Apyru opgobpeHn BycTepy NK NakeTpaHu
eKCNNO3UEBM.

h

32 noBeYe UHopMALUSL CHBAKETE C6 ¢ BaA MecTeH. .

ripeacraniten: Opuia Mep Brrapus.

www.oricaminingservices.com

ORICA

MINING
SERVICES

Orica Mining Services uma o6wupHa Mpexa oT NPOU3BOACTBEHH,
JMCTPHBYTOPCKK M CEPBHIHM LBHTPOBE HaBCAKL/e B EBpona
Cpennua Matok, Adprka u OHA.

MpoaykTure ce np IKAT B CTPATErHYeCKH MECTa H rbBKaBoCTTa
HA HALIKTE MOPCKM, 38MHU M BBIAYIIHK AUCTPHBYTOPCKM CpeacTBa
HM NOIBONABA 3 OTTOBOPHM Ha HYMAMTE W NPOMEHHTE B TOIH
reorpadpcki pasHooBpasen nasap.

HawuaT BBS-ekun 8KNi04Ba HAH-TONAMATA M HAR-ONWTHA rpyna ot
BIPHEHM TEXHOMO3W B PETMOHE M MOXE A3 NOANOMAra KHeHTHTE OT
PYAHHUM, K3PHEPH M CTPOMTENCTRO 38 ONTUMHIUPAHE BIPUBHMTE
pesynmaty,

MpucueTaneTo Ha Orica Ha MECTHWA Nasap, B KOMGHHAUMA ¢ onNuTa
W NO3HAHWATA Ha NoKanHuTe GuaHecw, rapaHTHPaT JaBbpllel CbBer.

[ipy*ecTeoTo, WHPOKO HIBECTHO € AOCRIAWHOTO HMe [QuHo
HurpoMen, e AxoOAHT-BEHYBLP Ha Opuka MaiHUHT CLPBHCHI K
Acapen-Meget.

PerwcTpipato e npes 1936, & paGora e or 01.07.1987 n HacToswem
€ Hail-rONEMMA NPOK3BOAMTEN Ha EKCANOIMEM M MEMLIMMPALLK
CHCTEMM 3a NnpoMywneHa ynorpeba B Bunrapua. @upmenara
NONKTHKE € 03arnasena "la uanbnHim obewanaro”,

183 o pasnenwTe ca “Liexere xopara u npupopara” u “Teopyecku
PelUeHUA 33 HaWKTe KNWeKTH",
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EKCAAO3MBAPOrPEC (TA ooa

Tp. Codus, yn. “NMNionnH nnaHuna” N9
e-mail: explosive@omega.bg

“Excnnosusnporpec- MM” OO[, e ocHoBaHO B
Hayanoto Ha 1999 r. Kato pAbuwepHa ¢upma Ha
“Teotexmun” OO[.[lpy}KecTBOTO € cneuyuanusmpaHo B
KOHCYNTAaHTCKA W WHMKEHEPUHroBWU YCAYrM [NaBHO B
o6nactTa Ha npo6uBHO - B3puBHUTE paboTu. To pa3nonara
C anapatypa, MHCTPYMEHTapuym M NporpamHy NPOAYKTH
3a M3BbPWBAHE HA B3PMBOCEU3MMUYHU W3MEPBAHMA,
onpeaensHe Ha 3bPHOMETPUYHUA CbCTaB Ha B3pUBEHaTa
MMUHHA Maca, U3MepBaHe Ha CKOPOCTTa Ha AEeTOHaLUMA Ha
B3PMBHM BELLECTBA B COHAAXM M B MATPOHMPaHK npobu.

“Ekcnnosusnporpec-ITM”  00f1  ocblecrsaBa
TLProBCKa AEMHOCT C MPOAYKTUTE Ha B3pUBHA (abpuka
»Enauure”:

» BOAOYCTOWYMBM eMYNCUOHHU B3PUBHM BeLiecTsa-
TbProBcKu mapku “Enauut 710” /uyscteuteneH
KbM Kancyn petoHatop/ w  “Enaumt  1100”
[HeuycTBUTENEH KBM Kancyn aetoHatop/.

» nMNonypabpukateT 3a npou3soAcTBO Ha “Enauur
1100”- matpuua pasrteop N.O.S.

» B3puBHO BewecTso C Tbproecka mapka “AH®O E”,
NPeACTaBNABAWO CMeC Ha  BUCOKOKauecTBeH
Nopbo3eH aMOHMEB HUTPAT M AWU3E/10BO FOPUBO.

» B Haii-cKopo Bpeme Ha notpebutenure we 6vae
NPEANOXEH HOB NPOAYKT -  BOAOYCTOWYMBO
€MY/NICUOHHO B3PMBHO BeLLECTBO TbProBCKa MapKa
JTexko Audo 501 E” , npeacTaBnaBalio cMec Ha

maTtpuua- pasreop u AH®O.

Ten: (+359 2) 957 13 46
Ten/daxc: (+359 2) 957 13 47

T mpo1s

2 A # ¥ Hap 15 go 30
¥ % Hag 30 go 45
M Hag 45 po 60
M Hag 60 go 75
M Hag 75 po 90
"~ Hag 90 po 105

3PLHOMETPUYHE XaPaKTEPHCTUKA HanynBena MMHHA Maca



¢ MHMHCTPO M XOJ14OVHIN AL

B xapMmoHus ¢ npupogarta !

MWHCTPOI OCbLUEeCTBSABa NPOEKTUpaHe, CTPOUTESNICTBO, AOCTaBKa M MOHTAX Ha
obopyaBaHe, MNpPOM3BOACTBO Ha HeCTaHAApPTHU MeTanHU KOHCTPYKUMKU W
ChOPBXEHUA U MbJIEH MHXEHEPUHr Ha obekTn “noa kno4y” B obnacrra Ha
MPOMULLNIEHOTO W TPaXAaHCKO CTPOUTENCTBO, MWHHATa MNPOMULLIIEHOCT,
MHXXeHepHaTa MHdpacTpyKTypa U MarucrpanHuTe Tpbbonposoaw.

OcobeHo ronsam Asn Hanocneabk MpMaTa uMa B CTPOUTENICTBOTO Ha MOAENHM

XOTENICKU KOMMNNeKcn n MHMpacTpyKTypHu obekTu. B cbcTtaBa Ha dupmaTa e v

“MHCTUTYT MO CTPOMTENCTBO M MUHHO Aeno”, obopyaBaH CbC CbBpeMeHHa

TEXHUKA U €4HM OT Han-aobpuTe cneumanucTm B obnacrra Ha CTPOUTENCTBOTO

M MUHHOTO Aeno. N3nbnHsABa NpoyYBaTeNHW U NPOEKTHM paboTu BbB BCUUKMK
HMBA Ha NPOEKTUPAHETO - OT uaerHn A0 paboTHW NPOEKTW.

OpraHmM3aumoHHaTa CTPYKTypa Ha XONAWHIroBaTa KOMNaHUAa AaBa Bb3MOXHOCT
33 NpPUBAMYAHE Ha NMOAXOASLUM MU3MNBAHUTENU OT cUcTeEMaTa, B 3aBUCUMOCT OT
cneundukaTa u TEPUTOPUANHOTO Pa3nosIoXKeHWe Ha MNPOEeKTUTE, KakTo MU Ha
AOMbIHUTENHU pecypcu oT Apyru apyxectea. OceeH B penybnuka bbnrapus,
MUWHCTPOM OCBLLECTBABA MPOEKTHA, CTPOUTENHa WM TbProBCKa [AENHOCT B
uy6buHa: lepmanus, Pycus, Cupus, Amxknp, TyHuc, Hurepusa, MakeaoHua v

ap.

MuHcTpon Xonguur AL
Coduma 1172 6yn. AparaH Llankos 172
tel. +359 2 963 5555 fax + 359 2 9624250
www.minstroy.com



SCIENTIFIC AND TECHNICAL UNION

The Scientific and technical Union of mining, geology and metallurgy is a voluntary, non-

governmental, politically uncommitted, uncommercial professional association.
About 1800 scientists, engineers, technician and other specialist in the field of mining, geology and metallurgy
participate in the Union. Many juridical persons from the country and abroad who are working in this field are
members of this association. The Union is an association in private favour and realizes its activity in favour of
its members. The Scientific and technical union of mining, geology and metallurgy is a regular member of the
FEDERATION OF THE SCIENTIFIC ENGINEERING UNIONS.

14 regional organizations, 34 scientific-technical associations and clubs and 6 incorporated associations
function within the Union.

There are 25 collective members at present - juridical persons from mining and metallurgical branches
and geology.

Governing bodies of the Union are the General meeting, the Managing committee and the Control
committee. The latter two are elected by the General meeting and are authorized for 3 years.

The Scientific and technical union of mining, geology and metallurgy cooperates on problems in these
fields with the Ministry of economy, the Ministry of regional development and public works, the Ministry
of environment and water, the Ministry of energy and energy resources, the Bulgarian mining
chamber, the Bulgarian academy of sciences, the University of mining and geology, the University of
chemical technology and metallurgy, the Union of scientists in Bulgaria and other organizations and
firms very actively.

The Union is member of 19 related international social organizations and academies. The most important
are:

OF MINING, GEOLOGY AND METALLURGY

The World Mining Congress

The Academy of mining sciences of Russia

The International Academy of Ecology & Life Protection Sciences
The International Academy of mineral resources

The Balkan associations:

e The Balkan union of metallurgists

e The Balkan committee of mineral processing

e The Balkan geophysical association

e The Balkan association of mining experts “BALKANMINE” and others.

The Union is a co-founder of the publishing house “Earth93” and a co-publisher of the journal “Mining and
geology”.Useful information about national and international publications and activities in these fields is
accumulating and exchanged in the Secretariat of the Union.

National and international scientific-technical publications and literature keep coming in (the journal
“Mining and geology”, “Geology and mineral resources”, the magazine “Science and society”, “Mining
Journal”, “Mining magazine”, the Russian journals “Non-ferrous metals”, “Ferrous metals”, “Coal” efc.).

The Union is the basic organizer of scientific-technical conferences, symposia, discussions and other
initiatives on national and international level. The union members participate in the preparation and discussion
of bills, normative and others documents in the field of mining and metallurgical branches and geology.

By its national and regional structures the Union is ready for collaboration with international and national
authorities and organizations on problems of geology, mining and metallurgy.

Address for correspondence:
Bulgaria, 1000 Sofia, 108, Rakovski Str.
Tel./Fax: +359 2 986 13 79, Tel: +359 2 987 57 27
Web site: www.mdgm.org, e-mail: mdgm@fnts-bg.org
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“Inertni materiali” JSC
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“Hemus"” JSC

“Zlatna Panega Cement” JSC
“Vatija” JSC

“Andela” JSC

“Andezit” Ltd.

“Minstroy Rodopi” JSC

Geostabil SD

“Bumar” JSC

“"NOAC” Ltd.
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ABSTRACT

On a NE part of coal mine "Suvodol”, near town Bitola in R.Macedonia, during longer time, a
landslide with enormous length and volume exists. Its occurrence is connected with a process of
sliding, which happened in several phases, with initial signs of sliding in 1993. The moment of
global instability happened on a 27.10.1995. Till now, several phases of reactivation are known. Its
volume is about 30 000 000 m’. As a result of mass movements, about 8 000 000 tones of coal is
concentrated (blocked) at the toe of the landslide. Upper of the main scarp, spaced about 250
meters, the earth-fill dam with a length of about 1000 meters exists. The ground water artesian
effects are also present. At the toe of the landslide, the coal is partially involved in a process of self-
burning and it produces environmental not friendly gases. The stability of the sliding during 2007
was near limit equilibrium. All this aspects shows a very specific combination of natural and man-
made elements that control the stability of the environment at this part of coal mine. Having this in
mind, the specific approach used in an excavation at the toe of sliding mass, with parallel
supporting (always near limit equilibrium) is shown briefly. The results from the stability tests, with
some specific comments, are summarized in this paper.

Key words: landslide, coal mine, stability, artesian waters etc.

1.0 INTRODUCTION
The surface coal mine “Suvodol” is placed in the S.W part of the Republic of Macedonia. The coal
layer and the unproductive layers have been formed with a process of sedimentation in lake
conditions during upper Pliocene. Mainly. This coal mine is a main source for thermal-electricity
plans in the country, with a production of about 6.500.000, 00 tons per year.
During 1995 large landslide appeared and it is active even today. Its volume is about 30 million
cubic meters and depth of the sliding mass in some places is deeper than 50 m.
The appearance of the landslide caused some difficulties in the normal work of the exploitation
systems and is a potential danger for the earth dam and the artificial lake which is about 250 m form
the main scarp of the landslide.
In order to adopt the techniques and technology of the excavation to the newly created conditions,
the authors of this paper investigated the N.E part of the mine in several phases. The idea of
investigation was to create conditions for real definition of the physical model of the terrain which
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will serve as a base for all the analyses of the stability, conditions for protection from the
groundwater’s, excavation conditions and so on. The authors are also involved in several phases of
design measures.

2.0 MAIN ELEMENTS OF THE LANDSLIDE

After the main phase of sliding during 1995, the area of landslide is investigated in details. These
investigations have been made in the sense of solving the entire geological, geotechnical and hydro
geological situation on the terrain. The main idea of the methodology applied was these
investigations to include evenly and wholly the space in which it is expected mutual influence of the
engineering activities and the natural environment.

The following procedures has been applied: detail mapping of the wider area, investigation drilling
(more than 55 investigation boreholes), installation of piezometers, investigations of the chemical
composition of groundwater’s, field investigation of filtration coefficient, as well as laboratory
analyses of physical and mechanical properties [3].

The position of the landslide with main geological elements is shown on Fig.1.

‘AL MAP OF THE LANDSLIDE (1996)
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Fig.1 Simplified engineering-geological map of the landslide in relation to the earth fill dam:
It was concluded that the whole investigation area has great lithological heterogenity which is the

reason why there is great heterogeneity of geotechnical and hydrogeological characteristics. A
detail of the geological composition along one typical section is given on Fig. 2.
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Fig. 2. Detail of geological composition along profile 44.

The most important characteristics for the main kinds of sediments are the high plasticity of coal
like clay and Pliocene silts, high value of the coefficient of inhomogenity C, and low shear strength
of coal-like clay and silts with high plasticity. The typical granulometric curves and the plasticity

chart of clay are given on Fig. 3.
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Fig. 3. Typical granulometric curves of the most characteristic sediments and plasticity chart for coal-like

clay

Just to illustrate the scale of the event, the main elements of the landslide are given in table 1, while
some data about the scale of mass movement’s vertical uprising or settlements in some zones on a

Figures 4 and 5.
Table 1: Main geometrical elements of the sliding mass
Length (m) Wide (m) Ddepth of sliding Area (m?) Volume (m’)
(m)
min 650 min 14 About
about 1500 max 880 max 55 1 050 000 30 000 000
usually 700 mainly > 25

From the Fig. 4, it is obvious that the range of horizontal and vertical displacements is very large, as

well as the thickness of the landslide body is very high. With a one word, the event
as a “small tectonic”.
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Fig. 4. a- Isolines of relative vertical uprising and settlements in meters
b-isolines of thickness of the sliding mass in meters

Having in mind that the groundwater has the greatest influence on the stability of the terrain, the big
attention in all phases of landslide investigations, was paid to the groundwater condition. The most
important data were obtained by building in of so called group piezometers. The presence of the
aquifer zone under pressure (with often artesian effects and gas influences) is defined in all area
bellow the disturbed coal layer (Fig. 5).

‘..

\ \'1 Part of the aquifer zone under artesian conditions Single piezometer
LW 4 ® - Group type of piezometers

\W Cotour line of groundwaters

—> General direction of groundwater movements

Fig. 5. a- Contour map of the groundwater flow pats for the aquifer zone under pressure

If we consider this short description of the landslide, it is obvious that this is a unique case in the
practice, with very complex conditions of the area. Existing earth fill dam with a height about 20
meters and length about 1000 meters upstream of the landslide zone, is a high hazardous factor for
any mining activities of excavation of the coal from the zone of the landslide. In such complex
situation, the nature of the process during time force to prepare some technology of excavation,
which is shortly, explained bellow.

3.0 MAIN RISK SCENARIOS
Analyzing the behavior of the landslide from the time of its occurrence till present days, some facts
can be underlined:

e After the main movements, the initial measures was prepared in order to minimize any
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further retrogressive development of sliding to the dam direction,

e The excavation of the coal was stopped at this area, or it was with minimal quantities,

e The toe of landslide was supported with embankment zone (see Fig.1),

e The hydrostatic influences of the aquifer zones for the zone between earth fill dam and the
main scarp was decreased with dewatering well,

e The whole surface of the landslide was planed and drained for fast atmospheric water
influences etc.

Beside this, there were several phases of smaller landslide reactivations. An important new
element and very restrictive additional factor which happened after the sliding was a process of
self-burning which happened because of coal direct exposition on the fresh air. The responsible
persons at the coal mine Suvodol were in fact faced with two main scenarios, shortly explained
on a Fig. 6.
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environment and working media is of the coal and minimising of the gass
influences on the environment

Fig. 6. Possible risk scenarios

Both scenarios have possible negative influences on the environment, and working conditions, but the main
argument to accept the scenario 2 was the following:
e The process of self-burning lead to constant losing of the coal mass, and decreasing of the
mechanical properties at the most critical zone from stability aspect
e Covering of the zone of self-burning will lead to final closure of this zone and losing of coal
mass.
So, that was a reason to try to prepare possible solution for this not typical mining practice. This article gives
only a short overview of some main outputs from stability analyses, while the details from the Main Mining
design are given in a Design Documentation [7]

4.0 MAIN RESULTS FROM STABILITY ANALYSES

Having in mind all restrictions and known practice in landslide and geotechnical engineering, the Designers
were involved in the Risk Scenario 2. Namely, we decide that it is better to start with excavation which will
be analyzed in details with all possible negative consequences, than to allow to lose a high quantity of coal in
a process of self burning, and finally to face the same situation - to have instability due to decreasing of the
volume of the coal in the toe of the landslide. Shortly, the solution can be explained with few words as a
methodology of parallel excavation and supporting. Namely, the excavated zone as soon as possible is
additionally supported with embankment with larger volume and weight, compared with extracted coal mass.

Detailed stability analyses were prepared for some representative profiles. The software package
SLIDE 5, product of company RocScience is used. The input parameters are defined earlier during
the phases of investigations as well as with back analyses. The main properties are given bellow.
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Table 2: Main physical and mechanical parameters of the materials in a sliding mass

Material type Residual cohesion Angle of internal Unit weight
C (KPa) friction o (0) v (kN/M*3)
Disturbed trepel 0 13 15,64
Coal-like clay 0 9-10 16,63
Silty sands 0 21 21,25
Silts with high plasticity 0 11 19,5
Crushed coal in a sliding mass 15 25 11,61
Gneiss 200 50 26

100

Fs=0,98
C
gl
|
Co d

Fig. 7. Some typical outputs from stability analyses (explanations in the text)

In calculating the safety factor, different scenarios are involved. In Fig. 11, we illustrate some of the
results. Namely, the Fig.7a, gives a value of safety factor Fs=1,04, as an illustration of stability
conditions before any kind of engineering activities. It is clear that the value is almost near limit
equilibrium. The Fig.7b, gives a hypothetical analytical case of decreasing of artesian pressure but
without any kind of support. For this case, value of safety factor Fs=0, 85, which indicates that in
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the practice this cannot be allowed. The Fig.7c, gives a hypothetical analytical case of parallel
support and decreasing of artesian pressure. For this case, value of safety factor Fs=0, 98. In a
practice, this case can be explained as a state of allowable deformations in a term of slow
(controlled) sliding, which is expected during initial phases of excavations.

The Fig.7d, gives a hypothetical analytical case of parallel support and decreasing of artesian
pressure for the phases of latter excavations. For this case, value of safety factor Fs>1, 1, which can
be treated as a satisfactory values.

What can be concluded from the analyzed cases?

All the variants are with values of safety factor that are usual not allowed in the mining practice.
For this case, the Designers went into the calculated risk to excavate some quantity of the coal from
one side, and from the other to stop the process of self-burning. All measures of surface dewatering,
visual and geodetically observations during the work for control of possible rapid movements.

The excavation was done with discontinue type of equipment which can be evacuated in a fast way
if necessary.

It can be noted that till now, in total about 4 000 000 tons of coal are already excavated at this
critical zone, with parallel support at the toe.

As it was expected, some minor movements were observed during the excavations, but without
rapid movements.

5.0 CONCLUSION

Authors believe that this is a rare case in a practice, but they cannot recommend such kind of
mining for other practical cases. In an opposite, the real engineering way is not to allow to have a
sliding in such volume, but to have excavation all the time according to slopes defined with
analyses, as well as with engineering judgment during the exploitation phase. It is fundamental for
successful design of each engineering activity to get acquainted in detail with the properties and
conditions of natural environment. Without an adequate methodological approach in investigating,
which will be completely adopted to the characteristics of the natural environment, it is not possible
to define the physical model of the terrain. The physical model of the terrain must be the base for all
numerical and mining analyses.

Sometimes, in the practice is necessary to deal with unusual cases and to face with high risks, but
this must being not a rule but only the exceptions from the rules.
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