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ABSTRACT

In this article are presented the analysis of ossds in bauxite underground exploitation as wetha
manner and possibility to increase recovery factoore deposit and exploitation with minimum of
diluted ore with overburden. The largest lossesrefare the caracteristics of the mining processsfit
and the results of model studies of the ore loaselsrecovery for the various parameters of sublevel
transverse caving method are given in the article.
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INTRODUCTION

At the present time the undergound exploitatiobanixite is primary for ore deposits of high quality
resulting that the high quality ore was mixed waite of lower quality from the open pits, which
yielded the optimum quality of ore at the entranteghe plant for ore processing (alumina). It is
therefore very important that such high quality degposits are excavated with little grade of ore
losses, and less ore impoverishment or ore dilufithe ore impoverishment presents an increase of
overburden content in final excavated ore and hauexploitation is defined in a very important
parameter that directly determines the recovergséie) in ore deposit [1]. Bauxite is mineral ore
which goes to the processing without prior prepanatand as such raw material is limited by content
of undesirable waste components. As the first igerat of CaO (usually CaO max 1.5%) and SiO2.
For underground exploitation of bauxite is chanazéel the sublevel caving method in different
variants. Depending on the physical and mechasttatacteristics of the ore and surrounding rocks,
the size and shape of ore bodies in the bauxitesispused the two main variants of sublevel mining
methods.

1. Sublevel- tranverse mining method with roof cavimdyich applies in ore deposits in the
conditions of roof of poor physical and mechanichbracteristics, such as marl, marly
limestones and clay, or in conditions of solid redth strong discontinuities [2]. This variant
of mining method is characterized by the high lesgering the ore deposits excavation that
range from 30% to 50%g( = 0,3 to 0,5), and increased dilution of final avéh waste
material.

2. Sublevel transverse mining method with open exealvatreas, it is posible to apply in
conditions of the solid and stable roof rocks amdlimited size of ore body. In the case of
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larger ore bodies the open spaces significantlseases causing the stresses in the roof which
exceed the allowable value, with caving of roofkod=or this variant the very low losses in
ore excavation is characterized, which range frémt2 5% @= 0,02 - 0.05), without ore
dilution and diminished security due to work in t@nditions of uncontrolled open excavated
area.

GENERAL CHARACTERISTICS

The ore losses which occur in the underground éagilon of deposit can be divided into:
1. Ore losses as result of the natural characterpdsie where they belong:

a. The ore losses from irregular shape of ore body.

According to the appearance in nature the baueip®sits can be:

* Bauxite deposit in one ore body,
» Bauxite deposit in the group of more small ore bedi

According the form of appearance the bauxite oidsocan be divided in shape as: lens, sink, bags,
pocket, nest, irregular columnar and layered. Thesees of deposit shapes were imposed by the
forms of depression in the floor rocks where is angl reflect the essence of ore body shapes and
therefore their usage is completely justified. leach form of ore body the certain ore losses are
characteric for ore that remains in the inacceshlts of the ore body [3].

b. The losses due to to the variable thickness amdafithe ore body

According to the structural and morphological cletgscs, size and economic importance of bauxite
deposits are classified into the following groups:

Group 1:  deposits which have a certain stratigrapével, an aread greater than 60008, m
irregular stratification and the average thicknefssver 1.8 m

Group 2:  deposits which have a certain stratigeajeivel, an area of 30000 to 60008, finregular
stratification and the average thickness of ove@mf.

Group 3:  deposits which have a certain stratigraf#ivel, an area of 10000 to 30006, mested
lens. shaped form, and the average thickness oflo8enm

Group 4:  deposits, which have a certain stratigiapevel, an area of 2000 to 1000, ran
irregular shape and an average thckness of oven0.5

Group 5:  deposits which have a certain stratigrafsivel, an area up to 2000°nirregular shape
and average thickness of over 0.5 m

The ore losses is expressed in irregular layergmbsits when ore remains in depression of foot
contact. In the lens deposits as with other forfrizregulat deposits there are parts of deposgnoéll
thickness, which remain inaccessible for excavatibmis problem is expressed in conditions of
application of robust mining equipment in the sgpehere parts of the deposits less than 0.8-1.2m
remain unexcavated.

c. Ore losses from hanging and floor paleorelief

Hanging wall and foot paleorelief is very strongyshoften there are overlying or underlaying "rock
pyramid” which significantly influence the ore lessduring when floor excavated and cave, or rock is
mixed with ore and increase losses.

The ore losses as result a natural character afsitegan be partially (limited) have a influencetlod
apapropriate parameters of stope (floor heightyvels as the application of stope mechanization tha
is in accordance with the size of the ore body &lsmachinery for small ore bodies).
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2. Ore losses during the ore body excavation depernti@physical and mechanical characteristics
of the ore and surrounding rocks, methods of exaavand contact of ore and the surrounding
rocks, where they belong:

a. Ore losses during roof caving or excessiveidilubre with overburden.

The occurrence of these losses is mainly relatédet@pplication of sublevel tranverse caving métho

in the conditions of unstable or weathered rockse Weathered rocks present the rocks of poor
physical and mechanical characteristics, as wedl @ary solid cracked rocks. Unstable roof is faime
under the hard poor cracked rocks in case of ttre@sed sizes of the open stope when caused tensile
stress in immediate roof exceeds the tensile gifneof the immediate overlying rocks. This
phenomenom is manifested as occurance of the blediges in the immediate roof and caving.

Caving of excavated stope is usually to 2m, ratetgl caving. In order to prevent caving of rock

materials directly into the stope is common to thatthe old work (caved materials) leaves a

protective panel of bauxite ore, which temporaghptects the stope from direct breakage of caved
materials ( Figure 1).
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Figure 1. Sublevel caving with transverse excavatio
The protective panel of bauxite depends on mechhaicd structural characteristics of ore and is
usually 0,8 to 1,0 m thick, while maximum length the protective panel is about 1,5m. In the
conditions of poor mechanical and structural cherstics of the ore it is not possible to leave a
protective panel, which causes increasing of msds.
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Ore losses during immediate roof caving on suck taest caved material is mixed with blasted ore on
the stope, and the ore loading with waste mataN&len the waste materials had reached a maximum
required value in excavated ore then loading stop the unloaded ore presents a loss. Maximum
required amount of waste material in excavateddeggends on the quality of excavated ore and the
demands of alumina where the ore processed. Thelaabn of losses based on the method of blocks,
whereby the ore impoverishment expresses by regudinseful minerals content (As) [4].

m —
O = m - The dilution factor

' m

m - Al,O5; content of the ore block
my, - Al,O; content of ore from ore blocks

- The factor of ore losses

g :1_T1|]nI.
' T Um

T- quantity of ore in the ore block

T3- quantity of ore from the ore block

The results of the measurement and the calculafitmsses and dilution of ore at the stope presente
in Figure 1, is given in Table 1.

Table 1. The results of ore losses and dilutiotofafor stope

No. of 1 2 3 4 5
measurement
O, (%) 2,3 3,2 2,9 15 2,7
g (%) 58,0 42,0 35,0 37,0 32,0

The measurements No. 1 and No. 2, are carriechdbeiconditions of protective bauxite panel caving
while the measurements No.3, No. 4 and No. 5 wasedaout under conditions of normal excavation
with a protective panel.

MODEL TESTING

By determination of the optimal design parametdrsnming method obtained the best values of
parameters of deposit recovery and dilution of ¢lxeavated ore. Model testing on the models of
similarities are conducted in the order to deteamifi the optimal parameters of sublevel caving in
function of ore body recovery and dilution of ofguring the research on models of similarity the
certain principles must be respected based onitfikasty that must exist between the occurrance of
the models and those that occur in nature [5].

The requirement of similarity can be achieved ahigll the parameters that characterize the system
can be obtained by multiplying the parameters efrtfodel with a constant, implying the size of the
material (ore and overburden) with which is the exkpent performed.Minimum allowable size of
material should be such as to preserve the exstehthe physical and mechanical properties of
materials [4].

Tn = f " 0n

Nng <
op Cn

T, - the main tangential stresses of particles
o, - principal normal strain

f - coefficient of friction

¢, - the adhesion force
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When choosing a scale of model it is necesarrydbale to be as small as possible where conditions
and the results were as close to natural. For gexpgarameters of blocks, caving methods of
excavation and loading and transport equipmenttadadp scale 1:20. Model is transparent lastic and
the edges are reinforced with the metal angles.dlodarged with bauxite ore, whick is a block of
ore that is excavated and with overburden mat&oat the roof of the ore body mixed with ore. That
is caved old work. It is very important that theaigr size distribution of ore and waste material is
proportional to the actual situation and adoptea ¢hale 1:20. Simulation of mining ore block is
performed by moving a part of output model whicpresents the stope drift by withdraw for the
length which is equal to adopted width of blastihy By withdrawal of stope drift for blasting width
leads to collapse of the excavated block parts etoe drift and pillar toward to the old work area,
with "blasted” ore and the part of earlier cavedstwarock and waste rock from the possible new
caving. Ore loading is carried out with model buckgh dimensions in scale 1:20, and charactesctic
of load and transport mechanization at the stope [6

The size of these losses in ore excavation by diwral characteristics of the ore and overlying<soc
is significantly influenced by technical parametefssublevel mining method and the important
effects are:

* Floor height ()
*  Width of blasting panelb]

The influence of these parameters was studied @mtideling models of similarities were performed
three sets of the experiments:

The first series of experiments6 m
1.b=1,0m
2.b=1,5m
3.b=2,0m

A second series of experiments7 m
1.b=10m
2.b=15m
3.b=2,0m

The third series of experiments:9 m
1.b=1,0m
2.b=15m
3.b=2,0m

For each series of experiments for ores from digftpure ore without impoverishment, and load of
blasted ores is done until waste rock material afgen the stope. The resulting ore is pure dig (
and on the basis of it, ore recovery is determined

T.- quantity of ore from drifts and stope ( till apgece of waste rock) for blasting width) (
T- quantity of ore in excavation blocR = b -h-5-y (t).

Then the load continues, separation and weighinth@fore and overburden performed, and waste
rock from the relation of amount of waste rock whis separated and total amount of ore, the
coeffient of recovery is determined by
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The results of the model tests are given in Tabler®d Figure 2, where a series of different
experiments give a value of ore recovery for défervalues of the dilution factors with presenteel t
best values from each of them.

Table 2. The results of model research

h b Ore recovery factor
(i), %
(m) (m) - - — - -
0=0.0% | 0=1.0% | 0,=2.0% | O,=3.0% | O=4.0%
1,0 42,7 45,9 52,0 57,3 57,9
6 15 36,7 41,9 48,0 55,2 59,3
2,0 45,7 48,5 52,0 53,5 55,0
1,0 45,5 49,2 52,3 57,2 61,0
7 15 43,7 51,3 58,3 63,5 66,7
2,0 51,6 56,0 64,5 67,0 69,0
1,0 54,5 61,5 67,3 72,2 76,7
9 15 63,5 67,0 69,5 71,5 73,0
2,0 58,7 62,5 66,0 69,1 71,5
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Figure 2. Three graphic display of recovery of alepending on the ore dilution

a. Ore losses which be left in the pillars towtardhe old stopes in the case of suddenly breat@ge
the stope.

In the cases of larger roof rock caving and protedbauxite panel into the stope, the activitieghomn
stope is interrupted, stope retreats and protegpiilar width 1.0 to 1.5m leaves toward the caved p
of stope, where they formed a new stope and coniisiwith the excavation [7,8].

CONCLUSION

Recovery coefficients and dilution in bauxite urgteund exploitation are technical and economic
parameters of special importance, primary becabse underground mining methods used for
exploitation of mainly high- quality and high-gustbauxite deposits.

The losses due to natural character of the ore bddyre losses belong due to irregular shape of the
ore body, the variable thickness, size and hangiai and floor paleorelief must be separately
analyzed for each ore body, so that the selecteers of mining method and stope mechanization
correspond to the natural character of the ore body

Sublevel transverse method with open stope is &ecgptable according to the recovery factor (
0.98 to 0.95) and dilution facto®(=0), but the application of this mining methodimited to a small
ore bodies in hard and solid immediate hangingwall.

The sublevel transverse mining method with caviagcharacterized by high losses during the
excavation of ore deposits that range from 30%08 §, = 0,70 to 0.50) and increased dilution of ore
with overburden. The research of the model sintitarishow that for the certain parameters of mining
method can be significantly improved the recovemgtdrs of deposit, however, the problem of
completely caving of open stope with hangingwall usfiform size distribution. In practice, this
condition is very difficult to achieve that is nesary to carry out the more research in terms of
replacement of these mining methods.

(Received July 2016, accepted July 2016)

LITERATURE

[1]  Majstorovic, S. (1991). The possibilities for improving thebkyel transverse caving mining method
with uncontrolled hangingwall caving on the badi®xperimental research on the models of similarity
"Mining" No. 2, Mining Institute Tuzla, pp 40-43.

Technical Institute Bijeljina, Archives for TFetical Sciences. Year VIII N5 21



Majstorovi, S. et al: Analysis of ore ...... Aveb for Technical Sciences 2016, 8(1), 15-22

(2]

(3]

(4]
(5]

(6]
[7]
(8]

Majstorovi, S. (1992). Underground exploitation of the bagixieposits in the terms of solid immediate
hangingwall, | Scientific conference "Undergroundpleitation and aspects of improvement and
rationalization of the technological processeshia tunction of further development", Belgrade. RGF
Belgrade, pp. 73-86.

Majstorovi, S., Tod, D. (2016). Proposal of improvement the conditiémsstope stability by mining
method in case study of bauxite depositdra Mili¢i, Il Mining and geology forum "The status and
development of Mining and Geology in Republic op&ka". Prijedor. Mining faculty of Prijedor, pp.
144-153.

Bongcon, IT1. M. (1968).IToxeraxnoe oopyrienrne, Mocksa, Henpa.

Mili ¢, V., Svrkota, I., Petroygj D. (2013). Determination of mining method paraenein laboratory tests
on physical models of similiraties, Bor. Mining Vst No. 1/13.

Vujec, S., Pefi, B. (1990). The improvement of the excavation radthin the bauxite deposits, Mining
Geology Petroleum. Zgreb, Proceeding No 2.

Majstorovi, S., (1987). Contribution to the study of techigidal parameters to improve mining method
in bauxite mines Jajce, master thesis, RGF Belgrade

Hustrulid. W.A., Bullock R.L.Underground mimy methods, Engineering Fundamentals and intemedtio
Case Studies, Society for Mining, Metallurgy anglexation, Inc.

Technical Institute Bijeljina, Archives for TFetical Sciences. Year VIII N5 22



