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A PROBABILITY METHOD FOR DEFINING THE BOUNDARIES OF AN OPENCAST MINE

S CHRI STOV
Lhi versity of M ni ng and Geol ogy, Sfia, Bulgaria

ABSTRACT: The initial
character. That

ratio,
ratio,

the initial overburden ratio,

information for designing an opencast
is why the paper offers a nethod for defining the boundaries of the
mne on the basis of probability statistics decisions.
of the regime of mning operations we define the val ues of:

mne has a probability

From the cumul ative schedul e
the average over burden

the nost unfavourabl e expl oi tation overburden
the irregularity coefficient of the overburden renoval

operations and the

portion of overburden during the construction period for slope angles 30, 4C and 50

and sl ope hei ght H=15G mand H 10C m (tabl .1

overburden ratio and the degree of

The dependenci es between the average

risk fromincreasing the slope's angle are al so

defined. The nine boundaries are determned by the method of pernissible average

overburden ratio.

The results of the calculations are shown in tables and graphs.

The met hod nakes possible the use of a probability approach to defining the boundaries

of the opencast mine and considering the degree of

the unwor kabl e sl ope.
of the nmine. It

such as Medet, E atzite, Assarel, etc.

One of the inportant strategical problens
in designing and construction of opencast
nnes is the determnation of their bounda-
ries in plan and profile. The efficient
work of the nines depends to a great extend
the correct solution of this problem As
the starting design information of an
opencast mne has a probability character
there exists a certain risk in taking final
deci sion about its boundaries« Wen defi -
ning the mne boundaries and the reliabi-
lity estimation of the taken decision it is
necessary to apply probability methods. The
present paper suggests a nethod for defi-
ning the mne boundaries on the basis of
probability statistics decisions (Christov,
1994).

The probability character of the val ues
of the strength paraneters of rocks brings
to the unclearness in determning the final
situation of the slope. The permssible
interval of its change depends on the chan-
ging scope of the relative nistake of the
calculated strength rock characteristics.

It will bring to changing the m ne bounda-
ries - fromQ to CQ at depth H (Figure 1)
In our case oc. changes from30° to 50°,
while the depth is H153 m

The nethod allows to define nore precisely the optinal
is applicable in designing and exploiting steeply-inclined deposits
in Bul gari a.

ri sk when assessing the angl e of
boundari es

Figure 1. Depending the boundaries of an
opencast mne exploiting steeply-inclined
deposits considering the probability cha-
racter of the angle of the «workabl e

sl ope.

For a chosen direction of devel opnent of
mning works and angl e of the working slope
titoax-'S the stage vol umes of the overbur-
den and the mneral have been consequently
defined (Figure 1). On the basis of these
data the increasing val ues of the overbur-
den and the mineral P have been cal cul ated
fromthe exploitation H and the cunul ative
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graphs V-f(P), P=f(H and V=f(H).

On the basis of the method of |.A Arse-
nov (Arsenov, 1970) fromthe cumul ative
schedul e the val ues of the average overbur-
den ration.p , the initial overburden
ratio noi the nost unfavourabl e exploita-
tion overburden ratio nfE, the irregularity

coefficient of the overburden renoval ope-
ration
ni
Am—— 1
Dep Ry (1

and the portion of the overburden during
the construction period

By
Rep

have been defined. The values of these para
mettra it scope angle of the unworkable slope
30", 40° and 50° are shown in Table 1.

we (2

and other specialists show that the strength
rock paraneters have a distribution close
to the normal one. Therefore, we can use
the low of normal -distribution of error

in the strength rock paraneters, while the
error in the calculation of the average
overburden ratio wi |l be comensurable with
the error of the calculation of the stabi-
lity of the sl ope.

At a respective possible error of the
calculated strength rock paraneters 6=0.36
the root-mean-square a=0.12 and the possib-
I e deviation E=0.674 0=0.08 can be defined
the degree of risk in various slope angles

(Christov, 1994; Christov, 1989).

rge, =tgoy (1-30)»0.576 3¢° 0
tgot gl (1-2¢)=0.680 34%10° 2.3
£gto=t gty (1-0} =0, 790 38°107 15.9
tgdy=tgom(1-E)=0,627 39°50” 25.0
1

tgy»tg®, =0.827 42¢ 50.0
1-3e

tglty =tgo, (14E)=0.970 44° 75.0

Table 1. Parameters of the mne with slone heieht 150 and 100 mand various angl es of

the unwor kabl e sl ope.

Angl e of Hei ght of the slope, m
the sl ope
H 15um H= 10 m

Yep uq "cpa "ep ni uL A ncpa
m’/mt mi¥m® m¥m®  m¥m® mim? mm* m¥m® m/m mim’ mim?
30° 7.55 0.055 13.20 1.85 2.80 5.63 0.125 7.83 1.58 3.33
40° 5.32* 0.081 7.20 1.47 3.52 3.90 0.179 4.33 1.53 3.89
50° 3.85 0.112 2.34 1.3C 5.17 2.86 C.245 2.67 1.24 4.25

Fromthe cumul a schedules in Figure 2 can
be seen that to the increase of the produc-
tionwith P and the depending of the m ning
works with h corresponds respective certain
i ncrease of the overburden vol une. For
exanple, at B'150 m P » 1.0 million n?,
h « 20 mand angl es of the unworkabl e sl o-
pe 30°, 40° and 50° these increases are
respectively V* » 7.8 million n?, Y0 .
- 4.40 million m and V* = 2.73 nillion ni.
The Figure 2 shows with dattes line V-f(H)
for ot » 30° at an average overburden ratio.
Fromthis diagramthe vol umes of the over-
burden can be defined which are additiona-
ly taken out or concervated in separate
st ages.

The studies carried out by the author

where Q1 is the mathematical
of the slope angl e.

The diagrans of the rel ationships
bet ween the average overburden ratio and
the degree of risk created by the angle
increase of the unworkabl e slope are given
on Figure 3.a. The sane figure shows the
production change of the mne at various
sl ope angl es.

Defining the boundaries of the opencast
mne is done by the nethod of the addm ssi-
bl e average overburden ratio (Arsenov, 1970)

expect ati on
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Figure 2. Graph schedule of the regime of mining works of the mine at H-150 m;

before making the overburden ratio average,
average.

where % is boundary overburden ratio
aur case rhi-s accepted as 5 rnVm,).

In Table t are given the aobtained re-
sults in the calculation of Ticpd' The
crossing point B in Figure 3.a. satisfies
the equation TVpAcpde “"°°'°P° angle is
a=44°, the production of mine mass AiL =
=7.0 million m°, while the risk degree -
R=75% which is practically unacceptable,
for normal work in the mine. Similar con-
clusions were made at H"tCO m. The obtai-
ned results are given in Table 1 and Figure
3.b and Figure 4,

At H=100 m the condition Ti" 1 , is
fullfilled for point B, (Figufe 3?DJ. In
this case the mine is formed under the
slope angle of the unworkable slope tx=40°
A,8=6.5 million m’ and risk R=25%.

Thus, at H= 125 m and «=42° the risk
degree is R"=50%. (Figure 5) .

The reverse problem can also be solved
at a given risk degree to define the boun-
dary depth of the opencast mine. Conside-
ring the possible negative and positive
error when defining the strength rock para-

(in

1 -

2 - after making the overburden ratio

meters, the boundaries of the opencast
mine in designing scould be calculated

at two values of its depth - the first
with a risk smaller than 50%, i.e. H<125 m
and the second with R>50 %, H>125 m. At
the final decision of the boundaries of
the opencast mine it is necessary to have
in mind as well the financial factors with
the help of the function of efficiency
(Christov, 1989).

The suggested method allows to use the
probability method for defining the boun-
daries of the opencast mine and for cal-
culating the risk degree estimating the
angle of the unworkable slope. The method
allows to obtain more real optimal boun-
daries of the mine. It can be applied in
designing and exploiting of steep running
depositions of the type "Medet", "Elatai-
te", "Asarel", "Burd‘e" etc.
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Fig. 3. Diagrans of the relationships between the average overburden ratiori , the
«ddni ssi bl e overburden ratio ng<j, the production power of the mine AMM? and the pit

| ope angl e et considering the resk degree R a) at mine depth H100 m b) at mine depth
HtQO A.
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Fig. 4.Gaph schedule of mining works inan Fig. 5 Defining the limt depth of an
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