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Abstract
Introduction. There are more than thousand lode mineral deposits of gold, rare metals, polymetals, and
uranium in Eastern Siberia. Only 10% of them are in operation. Geotechnical conditions of the fields
are poorly studied, therefore geotechnological parameters are not explored at a sensibly reliable level.
The authors have conducted multi-year research of geotechnical processes at goldfields of Eastern
Siberia.
Methodology. During geotechnical processes investigation at goldfields the authors have created the
methods and techniques calculating the parameters of stable pillars and chamber exposures, selecting
rock pressure control procedures based on the complex analysis of mining and geological factors:
physical and mechanical properties of rock and ore, tectonic faulting, cryologic state of rock in a massif,
high natural gravitational and tectonic stresses of rock mass, technogenic stresses in structural elements
of underground geotechnologies.
Results. For practical use of research results, methodological and normative documents have been
developed for a range of mines, including Darasun, Kholbinsky, Irokindinsky, Novo-Shirokinsky,
Maiskoe, Konevinsky, Mnogovershinnoye, Birkachan, Kedrovskoe, etc. The documents have undergone
expert exanimation of industrial safety and have been approved by RF Rostekhnadzor for practical use
at gold mines.
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Introduction. In Eastern Siberia there are more than thousand lode mineral deposits
of gold, rare metals, polymetals, and uranium. Only 10% of them are currently in
operation. 50% of deposits are at the design and construction stage and are planned to
be developed in the nearest decades. Deposits are developed with labor intense and
high-cost mining systems making metal losses up to 20% and more as well as increased
impoverishment up to 30% and more. Harmful manifestations of geotechnical processes
of displacement and rock pressure in static and dynamic forms are observed. Mine
operation is complicated by the presence of significant permafrost up to 200 m and
more. Geotechnical conditions of deposits are generally not explored or poorly explored.
For that reason geotechnological parameters are not substantiated at a sensibly reliable
level [1-9].

Since 2000 the authors have been carrying out multi-year research of geotechnical
processes at lode gold deposits situated in Eastern Siberia. During this time certain
methods and techniques of stable pillars and chamber exposure determination
parameters have been developed as well as rock pressure control procedures with the
account of physical and mechanical properties of rock and ore, tectonic faulting,
cryologic state of rock in a massif, high natural gravitational and tectonic rock stresses
and technogenic stresses in structural elements of development systems.
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Basic results. Research results for the conditions of lore gold deposits are as
follows [10-11].

The classification of rock mass conditions has been worked out according to its
stability level in various cryogenic conditions [11]. The classification makes it possible
to determine the category of rock mass stability based on the revealed basic mining and
geological factors influencing the stability of structural elements of development
systems during the extraction of lodes of low and medium thickness in the condition of
cryolithic zone [5, 11, 12]. It has been stated that the following geological and
engineering-geological conditions directly influence the stability of the roof and walls
of stopes during reserves depletion: the inclination angle of a lode and the shape
of stoping face roof relief; the presence of the foliation zones and their characteristic; the
intensity of relatively large-scale block tectonics; orientation of fissures towards
the mine goaf and the degree of their opening, temperature mode and water (ice) phase
in the marginal massif.

Qualitative and quantitative characteristics of rock mass source stresses field have
been substantiated. Discrete character of rock pressure distribution in local rock has
been determined, which creates essentially different geotechnical conditions of reserves
extraction. The sections of both medium and high pressure have been discovered in the
rock massifs of the deposits.

For the conditions of the medium pressure sections, natural stresses have been
determined by in-situ measurements of stresses at 16 lode gold deposits. The algorithms
have been developed to calculate stresses in medium pressure zones: in thawed rocks,
vertical stresses 6, are —yH; horizontal longitudinal, along the strike, 6, = —0,95yH;
horizontal crosscut, across the strike, 6, =—1,6yH, where y —rock and ore density, MN/m?;
H — the depth of mining, m. In cryolithic zone (permafrost) stresses are 6, = 6, = o, = —yH.

In high pressure zones the values of natural stresses are determined based on
inversed geotechnical problems solution according to the data from actual rock pressure
manifestations at deep horizons of mines in operation. Stresses are calculated as
follows: 6, = —yH; 6, = 0o, =-2,5 YH.

According to research results, the matrix of rock massifs natural stresses at lode
gold deposits [4] has been built. The matrix of natural stresses is the basis for the
substantiation of rock pressure control methods, geotechnological parameters
determination, and mine workings and pillars bump hazard assessment.

For the conditions of low- and medium-thickness ore bodies mining using the
systems with open faces, the technique of stable pillars and chamber exposure
determination by L. I. Sosnovsky has been improved [2, 11, 13].

The main provisions of the technique are as follows.

The condition of operation blocks stability is approximated by the following
expressions:

Op = [(KJ’PGV + prc’l) - GJKW +06, <0,,K¢;
Gy = (KVWGV + chh )le < Clim>»
/ l,H0, KKK, (lch - lup)h N
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where 6, — stresses in the floor (arch) pillar, MPa; K , K — concentration ratios of
technogenic stresses caused by vertical and horizontal single loads in floor (arch) pillar;
K, K, ~ concentration ratio of technogenic stresses caused by vertical and horizontal

single loads in chamber walls; 6, o, — stresses in undisturbed massif (source), acting
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vertically and horizontally correspondingly, MPa; K, — the coefficient of transition
from two-dimensional to three-dimensional geotechnical problem; o, ~— rock
compressive (tensile) strength in a massif, MPa; K . — coefficient taking into account the
geometry of a pillar (Cern coefficient); o, — stresses in a wall (edges) of a chamber, MPa;
K, . K, — concentration ratios of stresses from the action of vertical and horizontal
single loads in the wall (edges) of a chamber; /,, — chamber length, m; H,— average
length of a floor, m; K| — the coefficient taking into account the influence of vertical
stresses; K, — the coefficient characterizing the influence of irregularity in the distribution
of vertical stresses under various number of abandoned levels; /. - the width of upraise, m;
h — the height of an intervenning pillar, m; 4 — the total height of an arch pillar with the
account of cut-through, m.
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Fig. 1. Stress concentration ratios K u K in stope roof — a and in floor pillar during inclined lodes
mining with the working thickness of 1-3 m — b:
1, 2, 3 — working thicknesses of an ore body, m; / — the height of the floor pillar, m
Puc. 1. Kos¢uumenTsl KoHLEHTpauny HanpsokeHnii K, 1 K B KpOBIIe OYHCTHON KaMEPbl — d H B MEK-
IIy3TaXXHOM IeJHKe IMPH 0TPaObOTKe HAKJIOHHBIX JKMJI BBIEMOYHOI MOIIHOCTBIO 1-3 M — b:
1, 2, 3 — BBIEMOYHbIE MOLIHOCTH PYAHOI'O Tela, M; /I — TOJILIMHA MEXyITaXHOTO LEJINKA, M

Stresses concentration ratios are proposed to be determined based on the nomograms
developed with finite element method (fig. 1, 2). Concentration ratios of technogenic
stresses in the walls and roof of chambers and floor pillars are established depending on
the angel of incidence of ore lode and its working thickness [11, 13, 14].

Stresses in undisturbed massif are set up according to the natural stress matrix of
lode gold deposits depending on the depth of mining [4]. The coefficient of transition
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from the two-dimensional to the three-dimensional geotechnical problem is advisable
to determine according to the methods of A. V. Zubkov [3].

Compressive strength and tensile strength of rock in a massif is determined from the
following expressions

'K K, 1

Oy = 2oule g o +0315+A,
=K 7 0.53(1/1, +1.75) 1

ml

where ¢° — compressive strength or tensile strength of rock in a sample, MPa;
K, —the coefficient of structural weakening; K, —the coefficient of long-term strength,
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Fig. 2. Stress concentration ratios K, u K in the stope wall — a and in the floor pillar during inclined
lodes mining ; with the working thickness of 1-3 m — b:
1, 2, 3 —working thicknesses of an ore body, m; i — the height of the floor plllar m
Puc. 2. Kosnp(bnunemm KOHLCHTPAINH HanpsokeHnit K n K B CTEHKE OYHMCTHOI KaMepel — a U B
MEK/TyITaXKHOM LIETIMKE ITPU OTPabOTKe prTonaz[a}ome KW BBIEMOYHON MOIIHOCTBIO 1-3 M — b:
1, 2,3 — BbIEMOYHBIE MOIIHOCTH PYIHOTO T€Nla, M; /i — TOJNIINHA MEXIYITKHOTO LETHKaA, M

based on the life of mine workings and pillars; / — the linear size of the massif section
which is assessed for strength, m; /,, — the linear size of a structural block, m;
A — the correction which takes into account the influence of subzero temperatures.
Correction A elaborates the algorithm of VNIMI; the suggested value of the
correction is 0.4 for the conditions of permafrost, 0.2 for the zones of permafrost
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transition into thawed rock, and 0 for the thawed rock [5, 11, 12, 15]. The use of
correction A leads to the fact that the design factor of structural weakening increases
and makes up approximately 1 in the conditions of permafrost, i. e. jointing does not
exert significant influence in permafrost. In the process of temperature rise the cohesion
of the permafrost rocks reduces, and the well-known methods of VNIMI can be used
for the thawed rock.

The coefficient of long-term strength can be applied according to the methods of the
Institute of Rock Physics and Mechanics [2, 16] in compliance with the design spell of
service of the pillars ¢, required to mine the blocks and eliminate the voids, equal to
1.4-1.5. The Cern coefficient for the floor pillar is determined from the well-known
formula [2]:

where /1, — the height of the pillar, m; m — working thickness of the lode, m.
When assessing the stability of walls of the stope, the coefficient of form of formula
(1) is not taken into account.

Table 1. The parameters of pillars for the steeply pitching lodes of low and middle thickness mining
with the systems with ore shrinkage
Ta6auna 1. ITapaMeTps! LeJMKOB NPH 0TPA0OTKe KPYTONAJAIOLINX PYAHBIX TeJl MaJIoi U cpeaHei
MOIIHOCTH CHCTEMAaMH € MeJIKOLIIYPOBOii 0TOOHKOM pyabl

The One level mining Two levels mining
The depth | thick-
of minirr)lg, ness of Arch Intervenning | Activities ensur- Arch Intervenning | Activities ensur-
Are pillar (inteme- | ing the stability e pillar (inteme- | ing the stability
m an ore | pillar, m . pillar, m .
body, m diate), m of a block diate), m of a block
Up to 200 1 2 7 _ 3 7 _
2 2 7 - 3 8 -
3 3 8 - 4 8 -
200-400 1 3 8 Extraction by 4 8 Extraction by
2 3 8 the ribbons 4 8 the ribbons
10-20 m 10-20 m
3 4 8 length. Cham- 4 8 length. Cham-
ber walls sup- ber walls sup-
400-600 1 4 8 porting with 4 8 porting with
2 4 8 wood 4 8 wood
3 4 8 4 8

Based on the given methods the parameters of stable pillars are substantiated for the

steeply pitching lodes of low and middle thickness under open-stope mining and ore
shrinkage (table 1), as well as the parameters of stable pillars under the systems of
inclined ore bodies development (table 2) [11, 13].

It has been stated that at the mining depth up to 200 m the dimensions of stable
pillars and chamber exposures can be determined by the proposed methods. The volume
of ore in pillars in the case will be about 20% of the reserves of the block. At the depths
of 200-600 m the dimensions of stable pillars will significantly increase to lead to
unreasonably serious ore loss up to 40% and more. For that reason at the depths of
200600 m additional activities ensuring the reduction of stresses in structural elements
of development systems are necessary; it is also necessary to keep smaller pillars.

The following activities ensuring the stability of stopes have been proposed.
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When mining steeply-pitching narrow lodes, to ensure the stability of arch pillars
and the edges of chambers, it is proposed to mine the reserves in the operation block by
the ribbons of 10-20 m width but not by breast. Under these activities, design stresses
in arch pillar and chamber wall are smaller than the allowable ones even at great depths,
because the major share of stresses is born by the adjoining massif but not by the edges
of a pillar.

In the process of simulating stopes walls stress-strain state when mining steeply-
pitching ore bodies, with the help of the finite element method, the size of the zone of
disintegrating layer has been determined, which changes from 3 to 5 m depending on
the thickness of an ore body and the depth of mining. It is proposed to support this zone
with anchor and anchor-cable support at sublevels to ensure the stability of the direct
roof of the overlying rock.

Table 2. The parameters of pillars under the development systems of steeply pitching lodes of low
and middle thickness with an open stope
Ta6auuna 2. [TapaMeTpbl LEJUKOB MPH CHCTEMAX Pa3pad0oTKU HAKJIOHHBIX PYAHBIX TeJ MaJIoil 1
cpefHell MOIIHOCTH € OTKPBITHIM OYHCTHBIM MPOCTPAHCTBOM

The thick One level mining Two levels mining
e thick-
The depth | " ron Inter. | Activities Inter. | Activities
of mining, ore body. Stump Arch . ensuring the | Stump Arch . ensuring the
m " | pillar, m | pillar, m | Y™ P& | stability of a | pillar, m | pillar, m | YSP™MPE | seability of a
m piiar, priar, illar, m Y priiar, piiar, illar, m Y
priar, block priar, block
Up to 200 1 2 2 6 2 2 6
2 2 2 6 2 2 6
3 3 3 6 3 3 6 R<t>0f S
- port wi e
200-400 | 1 2 2 6 %g?tf\i?gq 3 3 6| pit pops.
2 2 2 6 the pit 3 3 6 | Voldsclim-
props or ination by
3 3 3 6 anchors 3 4 6 the con-
trolled rocks
400-600 1 3 3 6 3 3 6 self-collapse
2 3 3 6 3 4 6
3 4 4 6 4 4 6

At great depths (400-600 m and deeper) a need arises to take some measures
preventing the manifestation of rock pressure in dynamic forms [6]. For the conditions
of lode deposits it is proposed to take the complex of special measures: getting the mine
workings into the bump hazard state, field development of ore bodies, giving hipped
roof shape to the pillars, creating the elements of pliability in pillars [2, 10, 11, 17].

Simulation of the development of inclined lodes of low and medium thickness
determined the size of the zone of possible caving in heading and hanging sides of
chambers, which is equal to 1-2 m in order to ensure the stability of operation blocks it
is proposed to support the roof with the pit props or anchors.

Upon extraction of inclined lodes reserves at one or two levels, subsurface voids are
recommended to be eliminated by controlled rocks self-collapse. It has been stated that
the most favourable conditions for controlled self-collapse of roof at lodes are roof
surface troughs where it’s possible to control the self-collapse process [5, 11, 12, 15].
Caved sections of rock support the roof and prevent caving at vast areas and allow
avoiding the hazard of technogenic manifestations, such as impulse air wave and
overpressure.

Conclusion. Basic recommendations of the research have been applied by design
agencies in mining projects development: OAO Irgiredmet at Darasun mine and
Karalveem mine, Buryatzoloto at Kholbinsky and Irokindinsky fields, JSC Polymetal
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at Maiskoe and Birkachan fields, Mnogovershinnoye at Mnogovershinnoye mine,
00O Hooshzir Enterprises at Konevinsky mine, OOO Artel Staratelei Zapadnaia at
Kedrovskoe field.

Forpracticaluse of research results for the conditions of certain mines, methodological
and normative documents have been developed, including:

— directions for the determination of structural parameters of development systems;

— directions and manufacturing instructions for support and maintenance of capital,
development, face, stoping, and exploration headings;

— directions for structures, natural objects, and mine workings protection from the
harmful effect of underground mining;

— directions for secure mining;

— directions for the organization of geotechnical condition complex monitoring.

The documents have been developed for a rande of mines, including Darasun,
Kholbinsky, Irokindinsky, Novo-Shirokinsky, Maiskoe, Konevinsky,
Mnogovershinnoye, Birkachan, Kedrovskoe, etc.

The documents have undergone expert exanimation of industrial safety at OAO
Irgiredmet, ANO Zabaikalskii gornotekhnicheskii tsentr, OOO Sibirskaia proektnaia
ekspertnaia kompaniia. The documents have been approved by RF Rostekhnadzor for
practical use at gold mines.
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YnpasiieHne reoMeXxaHU4eCKIMH MPOLECCAMHU HA 30JIOTOPYAHBIX KUJIBHBIX
MecTopoxaeHnsax Bocrounoii Cudupu

Cocnosckas E. JLL, Apnees A. H.1
MuctutyT ropuoro aena YpO PAH, ExarepunOypr, Poccus.

Peghepam
Beeoenue. B Bocmounoii Cubupu 6visi61eHO 601ee MblCaul HCUTbHBIX MECHOPOACOEHUT NONE3HbIX UCKO-
naemulx — 3010Ma, peOKUX Memainos, NOIUMemanios, ypaua. B skcnayamayuu uz nux naxooumcs moasko
10 %. I'eomexanuueckue ycno8us MecmoposicOeHUli Mauo u3yieHsl, Nod3Momy 0060CHOBAHUSL NAPAMEMPO8
2e0MeXHON02UL NPU UX 0C60EHUU HA OOCMAMOYHO HAOEHCHOM YPOBHE He Npou3eooumcs. B meuenue 06ao-
yamu nem agmopamu padomsl NPOBOOUNUCL UCCTEO0BAHUSL 2COMEXAHUYECKUX NPOYECCO8 3010MOPYOHbIX
Mmecmopooicoenuit Bocmounou Cubupu.
Memoouku. B npoyecce uccredosanuii 2eomexaHuieckux npoyeccos Ha 3010MopyOHbIX JCUTLHBIX MeCO-
DPOACOeHUAX paspabomanvl agmopcKue mMemoobl U MemoOuKy onpedeleHus napamempos yCmousugbix
yenukos u 0bHadicenull kamep, 8b100pa CHOCOO08 YNPasieHus 20pHbIM 0asieHUeM Hd OCHO8Ee KOMNIEKCHO-
20 AHANU3A 20PHO-2€0N02UHECKUX PAKMOPOB: PUIUKO-MEXAHULECKUX CEOUICIE 20PHBIX NOPOO U PYO, MeK-
TMOHUYECKOU HAPYUEHHOCMU, KPUOLO2UHECKO20 COCMOSHUSA 20PHBIX HOPOO 8 MACCUBE, BbICOKUX NPUPOO-
HbIX 2PABUMayUOHHO-MEKMOHUYECKUX HANPAICEHUN MACCUBA 20PHBIX NOPOO, MEXHO2EHHbIX HANPAICEHUT
6 KOHCIMPYKMUBHBIX 2NeMEHMAX NOO3EMHbIX 2e0MEeXHON0UI.
Pesynomamaot. /s npakmuueckozo ucnoib306anus pe3ynomamos paspabomansl Memoouieckue u Hopma-
MueHvle OOKYMeHmbl 015 psioa pyOHUKos, 8 mom uucie /apacynckozo, Xonounckozo, UpokuHOuHckoeo,
Hoeo-Llupoxuncrozo, Maiickozo, Konesuncrkozo, Mnozosepwunnozo, bupkauanckoeo u opyeux. /[oky-
MeHmMbl NPOWLIU IKCHEPMU3Y NPOMbIULIEHHOU 0e30nacHOCmU, peKomeHndosansl opeanamu Pocmexnadsopa
P® 0ns npakmuuecko2o npumenenust Ha 3010mo000bI8aIOWUX NPEONPUAMUSIX.

Knroueevie cnosa: 30¢70m0py()Hbl€ HCUJIbL, ceoMexanHuKka, ynpaejlenue copHbim ()aeﬂeHueM; yenuku, obna-
IHCEHUS KPOBIU U CMEHOK OYUCNIHbLX Kamep, d)umko-mexanuttec;cue ceoticmea 2OPHbIX I’lOpO@,’ npupodele
U MEXHOCEHHblE HANPINCEHUS.
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