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ABSTBACT

On the basis of research information about the ore blending of a large iron opencast in Chi-
na, risk of 0. 5 ore blending and optimum risk-benifit analysis decision are discussed.
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1 INTRODUCTION

Generally speaking, the higher the control lev-
el of ore quality is, the more the economic effects
will be obtained by the mine. For a certain mine,
its production technological and management levels
are restricted, hence its ore quality control level is
also restrictive. How to make out the optimum ore
quality control scheme according to the production
situations, objective technological conditions and
management level, is the right problem to be stud-
ied in this paper.

2 POINT OUT PROBLEM

A large iron opencast in China produces five
primary ores, then blends commodity ore of 54 +
1. 5% grade for sale. According to previous re-
search results, it has been shown that the lower the
grade of commodity ore is, the better the mine’s e-
conomic effect will be. Because iron ore selling
price is calculated in the light of grade segments
and its nearest integral number, i. e. if the iron
grade varies from 53.5% to 54.4%, then the
grade price is taken as that of 54%;. Hence, the
mine makes the iron grade vary from 53.5% to
54. 0% to gain a good benefits, the reasons are dis-
cussed as follows.

(1) The more the grade of commodity ore
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closes to 53. 5%, the more the metal be saved, the
more the newly increased finished ore output will
be, when blended from lower grade ore;

(2) TIf the grade varies from 53.5% to
54.49% , the more the possibility of each ore
blending grade lies upon 53.5% ~ 54. 0%, obvi-
ously the more the profit for the mine will be
gained.

However, the lower the expectant index of
blending grade is, i.e. , the closer the grade index
closes to 53. 5% , the more the possibility of reduc-
ing to a lower rank of commodity ore selling price
will be. Because this will cause a great deal of eco-
nomic loss, it’s not expected or even not permissive
for the mine. Fig. 1 shows the variations of corre-
sponding ore blending outputs and output values
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Fig. 1 Relation of different blended grades,
finished ore outputs and output values
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for different grade segments.

Obviously, the profits caused by price ascend-
ing for grade up is far less than the profits caused
by increasing output for grade descent.

Then according to the achieved ore quality
control level of the mine, which grade should be se-
lected to obtain optimum economic gain and its risk
can be supportable. i. e. utilizing which grade in-
dex to organize the production, the risk-benefit is
the idealest, it is just the problem to be discussed in
this paper.

3 MATHEMATICAL DISTRIBUTION OF
ORE BLENDING GRADE INDEX

On the basis of statistic analysis of blending in-
formations of the researched mine in 1990, after
the frequencies of commodity ore grade blended
from various grade segments are treated with slid-
ing-fit method, it’s found that random variable z,
which is the actual blended ore grade, accords with
normal distribution of right- deviation bogarithm.
its possibility density function f(x) is as follows,
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According to maximum likelihood estimation,
constant C', mean square deviation o and even value
uof In(C — z) can be decided as follows.

C =59, 0=0.06379, u=1.65

Through the calculation of deviation-peak de-
gree of the logarithm normal distribution, then we
have .

¢, =—0.3504, C. = 0.0804

And its critical values are;

D, = 0.6188, D. = 1.2376

Obviously ,

|C.| < D., |C.|] < D.

Test on degree of deviation- peak is passed,
the blended ore grade accords with normal distribu-
tion of right-deviation logarithm.

It must be explained that the blended ore

grade can also pass through the normal distribution
checking; but during ore blending, because of an
ore blending tendency artificially, the possibility of
actual finished blended ore grade inclined to right
side of 53. 5% should be greater than that of grade

inclined to left side of 53. 5%. For this reason, uti-
lizing right deviation mode of logarithm normal dis-
tribution will be more suitable for the objective
fact.

4 RISK POSSIBILITY ANALYSIS

Supposed that C, is expressed as expected grade
of ore blending, the probable possibility of practi-
cal blended ore grade lower than Cy is as follows,

p_ 1 J(o 1
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X e Ineco—n =gy (2)
In fact, the probable possibility, which can
not satisfy the expected grade, is the failure rate of
ore blending, i.e. it’s the risk possibility borne by
the mine. As far as guaranteeing to produce quali-
fiedores go, in the grade zone between 53. 5% and
54. 499%;. The higher the grade, the more the possi-
bility of qualified blended ore(of 53. 5% commodi-
ty ore grade), and the less the risk held by the
mine. We take 5494 ore grade as product scheme,
53. 5% ore grade as the optimum target, and orga-
nize the production in the light of different expect-
ed blending grades, the probable risk of failure un-
dertaken by the mine are given as Table 1.

Table 1 Probable risk of failure undertaken

by the mine

Expected blending Possibility of

grade( %) risk failure( %)
53.50 49. 56
53.60 38. 50
53.70 28.00
53. 80 19. 94
53. 90 11.83
51. 00 6.78
51.10 3. 12
54. 20 1. 64
51. 30 0. 69
54. 40 0. 24
54. 49 0.11

From the calculation results above, if the
mine is willing to endure greater risk, blending
grade can be reduced as much as possible; on the

contrary, if the mine is unwilling to bear too much




Vol. 4 N2. 3 Risk Decision on 0. 5 Ore Blending .7

risk and organizes production according to ore sell- i N 1 2 1
P(Cl < I < C 3) = S
ing contract of 54. 0% grade, then only 6.78% o V2zde (Co— 1)
of failure risk will be borne, 56. 74 %{ of grade car- X e @y 0w g H

rying rate can be achieved, which is the ratio of
grades between 53.5% and 54.0% calculated
price in 54. 0% grade.

With the calculation formula of possibility
and satisfaction, different blending schemes with in-
fluence of random error can be evaluated systemati-
cally by means of comprehensive probable-satisfac-
5 OPTIMUM DECISION ON RISK-BENE-  tory degree indexes, and the probable-satisfactory

degree is calculated by the following formula .

FIT O(r) — 1 J ACD)
o /7 =D
Not only to make the mine to get economic X e gty 5
profits as much as possible, but also to ensure the If a certain 2~ makes p(z) to get maximum,
mine to endure the risk,, the comprehensive balance then the 7 is the expected blending grade and can
of risk and benefit must be involved. Probable-sat-  be solved from the integral equation as follows;
isfactory degree is introduced to study this prob- P'xrv) =0 (6)
lem. Table 2 listed the different values of r~ (of
In mathematics, a certain real number g vary- which the blending grade changes between 53. 5%
ing between 0 and 1 is used as the numeral mark of and 54. 49% ), the corresponding probable-satisfac-
satisfaction for ore blending result. When ¢ = 1, tory degree @(z” ) and the relevant profits.
it’s the most satisfactory; when ¢ = 0, it’s the most From the results outputed by computer, when
unsatisfactory according to above the analysis. optimum expected blending grade r* is taken as
Grade index 53.5% of ore blending is the best, 53.70% , then maximum probable-safisfactory de-
and 53.6% is the next, 54.49% is the worst. gree of 0.584 4 and 0. 166 9 million tons of maxi-
Hence, the satisfactory degree of the finished ore mum finished blending output as well as 0. 123 487
blending grade ( z ) can be expressed in function g million RMB yuans of economic revenue can be
= q(z), and the expression is as follows gained, compared with the corresponding value of
g(z) =54.5—z (53.5<Cz<54.5) (3) selling constract grade 54 %, , the mine can increase
From the satisfactory degree point of view, 3. 9 thousand tons of resource extraction and 0. 28
obviously, when z equals 53. 0%, the mine is the million RMB yuans revenue.
most satisfactory. Because of influence of random
factors, a certain error (&) of the real finished Table 2 Maximum probable-satisfactory
blending grade always exists. For this reason, the degree y(z ") and economic revenue
expected blending grade ( Cy ) plus random error ( Blending Maximum finished ~ Probable- Economic
¢ ) is the real finished blending grade, i.e. 1 = Cy grade  blending output  satisfactory revenue
(%) /108 ¢ degree®(xr*) /105RMB yuan
+ e
From this point of view, if expected blending 53.50 0.1696 0.5568 12.5468
grade C, is taken as 53. 5%, the failure possibility 53.60 0.1682 0.5742 12,4473
of blending grade lower than 53.5% is the 53.70 0-1669 0. 5844 12. 3487
biggest, then the mine will bear maximum risk. 53.80 0.1656 0- 3824 12. 2501
Therefore when there is influence of random error 93.90 01654 0- 5669 12. 1545
. . . 54. 00 0.1630 0.5419 11.0389
¢, not only the satisfaction but also the realizable i o R
possibility should be considered. ?4' 10 0- 1617 0-0199 H 9? l%
) ) ) 54. 20 0. 1604 0.1992 11.8705
It is supposed that expected blending grade is 54.30 0. 156 2 0.5005 11.7778
C,, square deviation of random error is0?, and r € 54. 10 0. 1579 0.35221 11,6860
[C., C:], the possibility equation of real blending 54,49 0.1367 0.5583 115953

grade z can be expressed as follows.
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This is the optimum decision of blending and enhance control level of ore quality, then the
which has considered the blending risk and its prof- mine can obtain not only a great deal of profits but
its comprehensively, according to the present ore also much more poor ore resources. On the other
blending level. hand, when o? decreases, the output grade fluctua-

tion will reduce, it is beneficial for smelting materi-
6 INFLUENCE OF RANDOM ERROR al blending, and the follow-up benefit will be very
ON ORE BLENDING considerable.

Table 3 Optimum expected blending

infl . 9 B
The influence of square deviation ¢° of ran grades z* and successful probablities P

dom error ¢ on expected blendig goal is sensitive.

When different probabilities of real blending grade v T P(53.5 <z <<54.0)
z, y € [53.5%, 54.0% ], are given, then the 0. 1 53.61 94.16
corresponding optimum expected blending grades z * 0.3 53.73 59. 25
and successful probabilities P are obtained as shown 0.5 53.78 38. 49
in Table 3. 0.7 53. 82 24.60
Table 3 shows that the less the value ¢?, the
less the value z* , it means that more poor ore can REFERRENCES
be blended, meanwhile, the less the value o?, the
more the successful possibility P of blending, the 1 Qi, Guo-an et al. J of Mines, 1992, 1. 23— 25.
less the blending risk. 2 Shu, Hang. J of Mine Tech, 1992, 3. 56 —58.
Hence, the mine must depend on technologi- 3  Shu, Hang et al. J of Metal Mines, 1992, 3. 54—57.
cal improvements, improve management methods,
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Fig. 3 A 10~50 Hz bandwidth representation of the reflection function B(x) and the wavelet |Wsa(z) |
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