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Introduction

The purpose of this research is to carry out numerical analysis

of rock dilution of Grong Gruber A/S and to study the realistic

possibilities to get it down,to control ore grade and in this

way to improve the economy of the mine.

The Grong Gruber is mining the 5oma massive sulphide deposit

situated in the north of the central Norwegian Caledonides.The

strike,dip and thickness of the orebody is variable.The minetali-

zed zone consists of pyrite,chalcopyrite and sphalerite.The

surrounding rocks are mainly greenstones and green scists.The

orebody is 1500 m long,with a known depth of 1000 m.

The annual production is about 5W kt with average grades of

1.35% Cu and 1.70% Zn.

•



1. Rock dilution problem

The mining method is normally by sublevel stoping and R & P mining.
The yearly production consists of about 30 % from development drifts,

30% from R & P systems and 40% from long hole sublevel stoping.The
Jbma orebody is not regular and has a variations in thickness,ore/
waste boundarv, grades and mineral types.The orebody conditions with
irresular boundary and uneven distribution of ore grades at Grong
Gruber are major nature factors influencing the rock dilution.The ore-
body conditions,minina methods and the choice of equipments determine
the mine ore production,the rock dilution level and production costs.
The factors influencing the rock dilution can be il1ustrated as in fig.l.
Estimating rock dilution in Grong Gruber.

In general no direct figures of reck dilution were available at the mine.
The data concerning the rock diluCion calculation at Grong Gruber is
shown in App.I.Pased cn the data of cre reserve in situ for 1972-1987
and ore mined for corresponding time period,the rock dilution can be
estimated approximately.

According to formula tresented as follows(see Aop.2):

d. ( a(0)-a)/a(0)* 100 (1)

Where: d-rock :Iilutton(gradepercentage),%,

a(0)-ore grade in situ,%;

a- ore grade mined,Z.

On the basis of estimating grades of produced reserves in situ for
1972-1986(see App.1-1,1-2)and calculating grades of ore mined for the
same period(see App. 1-3),the rock dilution in grade percentage can
be estimated according to formula (1).The results of calculation are
shown in table 1.

From table 1 can be seen that rock dilution for 1972-1986 long time
period averages 12-13%.The same level of rock dilution can also be
estimated for 1972-1984 time period(see App.1-4,1-5).The rock dilution
is ranged 13-14%.See table 2.
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Table 1 rock dilutionestimation(1972-1986)

(1)Totalore reservesin situ

Year tonnage ore grade,%

	

(Mt) Cu Zn

1972 16.424 1.27 1.70

1972-1987 4.500 1.40 1.58

Total 20.924 1.30 1.67

Remark

App.1-1

(2)Current remainingreserves

1986 14.976 1.10 1.81 App.1-2

(3)Producedreservesin situ

1972-1986 5.948 1.80 1.32 (3)=(1)-(2)

(4)Rockdilutioncalculation

Ore reservesin situ Ore mined(App.1-3) Rock dilution,%

Tonnage Ore grade,% Tonnage Ore grade,%

(Mt) Cu Zn (Mt) Cu Zn Cu Zn

5.948 1.80 1.32 5.457 1.56 1.16 13 12

Table 2 Rock dilutionestimation(1972-1984)

Ore reservesin situ Ore mined Rock dilution,%

Tonnage Ore grade,% Tonnage Ore grade,%

(Mt) Cu Zn (Mt) Cu Zn Cu Zn

20.924-

P.2gP= 1.84 1.28 4.525 1.59 1.10 13.6 14.0
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In real operating situation the rock dilution depending

on specific conditions and mining methods may vary widely,

from 5% to 20% and more.See App.1-6,and 1-7.The variations

in rock dilution in dependence with various conditions in

planning stage are shown in table 3.

Table 3 Rock dilution variation

year and series ore reserves in situ ore mineå rock

	

tonnage Cu grade,% tonnage Cu— dilution

(Kt) (Kt) grade %

%

According to plan

1982-1985 1844 1.50. 1747 1.44 4

According to major production blocks

1972-1984 .5670 1.83 4525 1.59 13

According to series of orebody

X-series 3522 1.55 2976 1.33 14

Y-series 392 2.19 311 1.80 18

x+Y+131+32 series 5396 1.73 4427 1.47 15

The data presented in tables 1, 2, and 3 shodld give an idea

of general situation of rock dilution level at Grong Gruber. .
ngDue to the emploed mining methods with limited dilution and owi

to stability of unmined pillars and hanging wall and also in

accordance with coglicated conditions of 5oma orebody,the
. estimated dilution figures can be considered realistic and

reasonable.Based'Oh the above calculation and discussion the

average dilution level at Grong Gruber should be ranged 10-

15%,but in fUture it will probable be difficulty to control
rock dilution within this level owing to mining-of south-

wester thin orebody and extraction of existhig pillars.
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2. Numerical an.alysis of rock dilution

In order to studyhowthe rock dilution can be controlled,the

irregularity and complexity of foma orebody and its influence

on rock dilution should be analyzed.

2.1 Ore grade distribution

The ore grade distribution of joma orebody in situ is usually

distributed uneven.The ore grade distribution of the drill

holes and the places and blocks in situ is shown in App.3-11

table 4 and fig. 2.

Table 4 Ore grade distribution in situ

Place Mean(a),% Stand. deviation(s) Coeff. of

variation(v)

Cu Zn Cu Zn Cu Zn %

Along X series 1.15 1.86 0.307 0.23 27 12

Perpendicular

X series 1.16 1.87 0.76 1.09 65 58

Total blocks 1.17 1.76 0.76 0.70 65 40

Drill hole1028 1.70 1.22 1.52 1.23 89 100

Drill hole 1029 0.71 1.88 0.85 1.92 119 102

Table 4 shows that the coeff. of variation of ore grade of joma

orebody in blocks is ranged between 40-65% and along the X serie

have less coeff. of variation,i.e. 12-27% and v in drill holes

varies 100% or so.

According to classification of unevenness of distribution(App.4),

the joma orebody is related to gradational distribution (v=20-

100%):The degree of unevenness gives us an idea where exists

possibilities to change ore grade and to improve ore grade.

The ore grade mined is also distributed uneven.The ore grade

fluctuation during monthly production(April 1989) is shown in

App.5 and fig.3.It shows that the coeff. of variation of ore

grade mined varies 23-27%.
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2.2 Influence of irregular hanging wall on dilution

The irregular part of joma orebody has a unstable boundary

on hanging wall,which is often taken undulating pattern.In

this case the rock dilution occurs due to irregular ore/

waste contacts on hanging wall,see App.6.The influence of

irregular hanging wall on dilution is shown in table 5.

Table 5 Rock dilution on the boundary of hanging wall

(429 BSK-1,X=95140,Y=31600)

Influencing Ore tonnage,t Ore grade,% Rock dilution,%

factor Cu Zn by grade by weigt

Cu Zn

Without waste 28086 0.83 3.0

Including waste 28398 0.76 2.86 8 5 . 5

Table 5 shows that the irregular hanging wall influences on

dilution of 5-8% and leads to decrease ore grade mined of

o,o7-0.14%.

2.3 Influence of flat-dipping footwall on dilution

The 7oma orebody sometimes has •a plunge of 20-400 on the foot-

wall.It is necessary to cut waste rock of footwall in order to

outline the stoping boundary.An example of this influence on

dilution is shown in App.7 and table 6.

Table 6 Rock dilution on the boundary of footwall(2/x/LH)

Profile x-95100 x-95120 x-95140 x-95160 Average

Difference in






grades,% Cu 0.02 0.02 0.01 0.04 0.02

Zn 0.03 0.03 0.01 0.07 0.03

Rock dilution,%






Cu 1.4 2.0 1.0 4.0 2.1

Zn -- 1.4 2.0 1.0 4.0 2.1
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From table 9 it will be seen that the flat-dipping footwall

influences on dilution of 2% and leads to decrease grade of

0.02-0.03%.

2.4 Influence of waste layer inside orebody

Itr;case of presence of waste layer which can be mined selec-

tively,the influence of waste layer may be considered.An

example of that influence is shown in App.8 and table 7.

Table 7 Influence of waste layer on dilution(416 BSK)

Profile Rock dilution,% Change in grade

by grade by weight

Cu Zn Cu Zn

	

X-95120 16 15.6 16 0.20 0.28

	

X-95100 8.8 9.1 8.9 0.16 0.16

	

X-95080 7.2 7.5 7.4 0.11 0.13

Table 7 indicates that the influence of waste layr on dilution

in giving example is strong.Rock dilution reaches to 7-16% and

ore grade decreases to 0.11-0.28%.

2.5 Influence of thickness of orebody on dilution

In case of narrow vein orebody the influence of waste mixture

on dilution is obvious.The dilution caused by waste mixture as

an example is shown in App.9 and table 8.

Table 8 Rock dilution in case of orebody with thickness less 3m.

Tonnage,t Ore grade,% Rock dilution,%
Cu Zn Cu Zn

Ore 12494
o.37 3.7

Waste 1960 0 0

Ore+waste 14454 0.26 3.2 13.3 13.5

From table 8 it can bei6und that the dilution can be reached

to 13% and ore grade is decreased by 011 -0.5% in case of

orebody with thickness less 3 m.
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2.6 Influence of stoping boundary on dilution

In order to illustrate how the stoping boundary influences on

dilution,the block 2/x/LH(416 BSK,x-95100) may be used as an

example.The various alternatives of stoping boundary correspond

to different dilution.tberesults calculated by comparising

stoping boundary with orebody boundary are shown in App.10 and

able 9.

Table 9 Influence of stoping boundary on dilution

Stoping boundary Mining area Ore grade,% Change Change

m2 Cu Zn in grade,% in dilutic

Cu Zn % Cu Z1

Altl(original) 943 1.39 2.05 0 0 0

Alt.2 815 1.54 2.17 +0.15 +0.12 -11 -,

Alt.3 1153 1.37 2.10 -0.02 +0.05 +1 -

Table 9 shows that the Alt. 2 with less dilution is better

than Alt.land 3.The rock dilution is reduced by 6-11% and

corresponding ore grade is increased by 0.12-0.15%comparising

with Alt.1,the original design.The example also indicates

that design of stoping boundary is essential for rock dilution

control in case of complicated orebody.The suitable stoping

boundary in planning stage must always be adapted to the actual

mining conditions.

2.7 Influence of ore grade distribution on dilution

The ore grade distribution of drill holes 1487,1488 and

1489 through the orebody is shown in fig.4.The ore grades

are usually distributed uneven and occasionally with high

grades in the boundary.lt is necessary to pay more attention

to choice the stoping boundary in case of presence of high

grade area.
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So as to illustrate how the rock dilution is affected by

ore grade distribution three alternatives of stoping boun-

dary can be considered for instance:

N1-Alt: with waste dilution and without ore losses of high

grade area;

N2-Alt. with ore losses of high grade area and without waste

dilution;

N3-Alt.in between Alt. 1 and 2.

The results calculated for Alt. 1,2 and 3 are shown in App.

11 and table 10.

Table 10 Difference in ore grades for various alternatives

Alt. Difference in ore grades mined,%

Cu for drill holes Zn for drill holes

1487 1488 1489 ' 1487 1488 1489

N1 -0.14 -0.11 -0.09 +0.06 +0.25 -0.01

N2 0 0 0 0 0 0

N3 -0.06 -0.04 +0.01 +0.13 +0.28 +0.22

Table 10 shows that the Cu grade of Alt.1 and 3 is decreased

in comparision with Alt.2 in case of absence of Cu high grade

area on the boundary.On the contrary,the Zn grade of Alt. 1 and

3 is increased in regard to Alt. 2 if there is Zn high grade

area on the boundary.The data in table 10 also indicates that

the Alt.3 with increasing in Zn grade of 0.13-0.28 is nearing

to optimum than Alt.1 and 2.The optimum stoping boundary can

be outlined in each specific case of presence of high grade

area.
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3. Economical analysis of rock dilution

The purpose of an economical analysis of rock dilution is to

formulate a mathematical model providing a means for analyzing

the effects of changes in dilution and other variables.The

approch is to establish the interrelations between variables

connected with dilution.Mining conditions differ in many ways

and have unique features so that model of rock dilution have

to be tailored to fit the specific mining conditions of Grong

Gruber.

3.1 Relationship between dilution and profit

The relationship between dilution and income,costs and profit

in mine operations can be expressed by:

r2
1P=(I (1-d)-C1
1 g2

(2)

Where:

P- specific profit,Kr/t;

I1 ,I2 -Cu and Zn concentrate value,respectively,Kr/t;

r11r2-Cu and concentrate recovery,part;

a11a2-Cu and Zn ore grade in situ,part;

g11g2-Cu and Zn ore grade in concentrate,part;

d- rock dilution,part;

C-specific total cost,Kr/t.

According to data of costs and price of concentrates at

Grong Gruber shown in App. 12 and table 11,the profit is

expressed in terms only of ore grade and rock dilution by

substituting in Eq. (2):

	

0.86 0.82
P=(2252 a1 + 1901 a2)(1-d)-142

	

0.23 0.45

=(8490 a1+3489 a2)(1-d)-142 (3)
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Table 11 Data of costs and price

Operation costs

year 1988 1-8.1989

Mining,Kr/t fixed - 30.92

variable - 47.29

total 67.43 78.21

Mill Kr/t 40.33 41.72

Sum.direct Kr/t 107.76 119.93

Indirect Kr/t 34.24 38.92

Total Kr/t 142.00 158.85

Price of concentrates(1989 plan)

Cu concentrate,Kr/t 1986

Ou¥ concentrate,Kr/t 2252

Zn concentrate,Kr/t 1901

The relationship between profit,costs and rock dilution for

each ore grade is shown in fig.5.The profit depending on ore

grades would be as follows:

a1=1.4%,a2=1.3%; P=164(1-d)-142;d=0,P=22 Kr/t

a1=1 .6% ,a2=1 .4% ; P=185(1-d)-142;d=0,P=43 Kr/t

a1=1.8%,a2=1.5%; P=205(1-d)-142;d=0,P=63 Kr/t

a1=2.0%a2=1.6%; P=226(1-d)-142;d=0,P=84 Kr/t

From fig .5 it can be seen that how the income and pro fit(P)

are affected by combination of ore grade (a )and rock dilution

(d).The relationship expressed by Eq.(2)presents following

discussing:

(1)how will dilution and ore grade influence on income.

The income is expressed by I=(IIrlal/g1+I2r2a2/92)(1-d)

Compare two cases,differing only in dilution.

Thus

I(1) 1-d(1)

I(2) 1-d(2)
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1(1) I(1)
or d(1)=1- 	 -.+ 	 d(2) (4)

I(2) I(2)

The changed situation is giving index 1 and the present

situation-index 2.

According to Eq.(4),we thus find that the income,I increases-
.5by 3.5% in case of reduction of dilution from 13%to 10%,see

fig.6.The calculation shows that the reduction of dilution

of 1% leads to improving income by about 1-1.5% depending

on dilution level.

Example 1. Taking a1=1.5%,a2=1.8%,the income will be:

For d=10%,1(1)=(8490*1.5%+3489*1.8%)(1-10%)=171.14 Kr/t

For d= 9% , (2)= (8490* 1.5%+3489* 1.8%) (1-9%) =173.04 1Cr/t

I(2)-I(1)=2 Kr/t

This means that reduction of 1% dilution will lead to

increase income about 2 Kz/t.

Examole 2. Taking d=10%,the income varies:

For a1=1.5%,a2=1.8% 1(1)=171.14 Kr/t

For a1=1.55%,a2=1.85% 1(2)=176.53 Kr/t

I(2)-I(1)=5 Kr/t

It showed that improving in ore grade of 0.05% leads

to increase the income about 5 Kr/t.

As has been mentioned,the influence of orebody boundary on

dilution may be reached to 5%.If the rock dilution would be

decreased by 5%,from 13%,estimated for 1972-1986,to 8%,the

Cu ore grade mined would increase from 1.56% to 1.66%.The

difference in income of Cu concentrate would be:

8490(0.0166-0.0156)=8.5 Kr/t!

(2)How will costs be reducted with decreasing ore grade provided

profit is not changed.

Calculation:
-142

For a1=1.5%,a2=1.4%,d=10%,P=(8490*1.5%+3489*1.4%)(1-10%)=17 Kr/t

For a1=1.45%,a2=1.35%, P=11 Kr/t

It is obvious tha,t decreasing ore grade of 0.05% caused reductio

in profit of 17-11=6 Kr/t.In order to maintian costant profit

we have to cUt costs from 142 Kr/t to 136 Kr/t,i.e.P=153 -136=17.
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For giving example it is necessary to cut costs of 142-136/142

=4% in case of reduction of ore grade of 0.05% for providing

constant profit level.

(3) It is considered to decrease dilution with decreasing ore

grade provided profit and costs not changed at the same time.

Calculation:

The ore grade is decreased from a1=1.5%,a2=1.4% to a1=1.45%,

a2=1.35% and dilution from 10% to 6%,the profit will be the same.

Thus P=(8490*1.5%+3489*1.4%)(1-10%)-142=17 Kr/t

P=(8490*1.45%+3489*1735%)(1-6%)-142=17 Kr/t

It shows that the reduction of o.05% ore grade is compensited

by decreasing dilution of 10% - 68=4%,providing the profit is

not changed.

3.2 Optimum ore grade mined in planning

As has been discussed,the ore grade distribution of Toma ore-

body in situ is usually uneven.There seemed to exist a optimum

ore grade mined especially in case of unevenness of ore grade

distribution and existence of high grade area on the boundary.

The general model of optimum ore grade mined is shown in App.13.

According to optimum model,the ore grade mined can be expressed

by formula:

m *a +(w-m)*a2-(w-m)2*a2/2*n
1

Where:
a-Ore grade mined;%; ->

a1-High grade in situ,%; 62


a2—Low grade in situ,%;

w-Stoping width,m;
k- m -->

m,n-See fig. in App.13.

The relationship between ore grade mined and ståping width for

different grade distribution is shown in table 12 and fig.7.

a= (5)
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Table 12 Relationship between ore grade mined and stoping width

(m=10 m,n=3 m, a1 =1%(Cu),a1=2%(Zn)

Stoping width,m Ore grade mined,a,%

Cu Zn
a2=1.5% a2=2.0% a2=2.5% a2=3.0% a2=3.5% a2

•

11.0

11.5

12.0

12.5

13.0

1.02


1.01


1.00

	

1.06 1.10 2.05 2.07 2.12

	

1.07 1.10 2.03 2.08 2.13

	

1.06 1.11 2.00 2.06 2.11

	

1.03 1.09 - 2.03 2.07

	

1.00 1.06 - 2.00 2.03

It should be observed that the maximum ore grade mined corres-

ponding optimum stoping width is increased with increasing the

unevenness of grade distribution.

In order to illustrate how the stoping width actually influences

on the ore grade mined,the stoping block with high grade in

boundary may be used as an examPle.see App.14.The relationship

between stoping width and ore grade mined is shown in table 13

and fig.8.

Table"13 Relationship between ore grade mined and stoping

width

Stoping width,m 7 12 17 20

Zn grade mined,% 1.08 1.63 2.51(*) 2.30

In this case the optimum stoping width is about 17 m correspondir

the maximum grade mined(*),despite the fact that the optimum

stoping boundary has more dilution by weight percentage.

3.3 Sensitivity analysis

The profit function,formula (2) will be used for sensitivity

analysis to variables changes in order to study the influence

of various factors on the profit.



The formula (2) may be rewritten:

P-(I1*r1*a1+I2*r2*a2)(1-d)*1000-C

Where:
I12-Price of Cu and Zn contents respectively,Kr/kg;

r11a11r2,a2,d,C-ditto.

The results of sensitivity analysis are shown in table 14 and

in the spider diagram as shown in fig.9.

Table 14 Sensitivity analysis

(I1=20 Kr/kg, 12=12 Kr/kg,r1=0.87,r2=0.83

a1=1.4%' a2 =1.3%,d=10%,C=142 Kr/t)

Influencing Calculation formula Change in Change in

factor variables profit,%

Price,Kr/kg P=(12.18*I1+10.79*I2)*0.9-142
+10

4-17

Ore grade,% P=(17400a1+9960a2)*0.9-142 +10 +17

Costs,Kr/t P=335.77-C +10

Dilution,% P=373.08(1-d) +10
;3

The diagram shows that the price•I and ore grade,a,are more

sensitive as most important factors influencing the profit.

Sensitivity analysis also shows that the influence of dilution'

on change in profit is dependent upon the level of dilution

i.e. the higher dilution level the bigger change in profit at

the same change in dilution of 10%.:see table 15.

Table 15 Influence of dilution level on profit change in

dilution +10%

Dilution level,% 10 15 20 30

Change in profit,%

20

(6)



• •



á



á



á



25

3.4 Optimum model of rock dilution

The complete formulation of optimum dilution model for specific

mine is a complicated problem.It is connected with special

experiments to get interrelations between parameters.In order,

to illustrate how the model can be built up,the model with

simplicity may be presented as an example.The simple model

of rock dilution can be described by following steps:

(1)To establish the relationship between mining cost,Cm and

its corresponding dilution,d:

C=F(d) C=C+C+Cm c m 0 (7)
The planning mining cost of empl9pd mining methods is shown

in table 16.

Table 16 Mining cost(1988)

Mining methods

Development drifts

R&P system

LH sublevel stoping

Total

Cost, Kr/t Expected dilution,%

7-11

14-22

51 10-15

(2)To find the relationship between the concentrate recovery,r

and rock dilution,d:

r=F1(d) (8)

The relationship between r and a is shown in fig.10.According

to fig.10 the function of F (d) is expressed by:

r=k(a0 (1-d))
(3)Finally,substituting formulas (7)and (8) into formula(2)

we obtain optimum model of rock dilution as follows:

(9)

1 g2

Where:

k11k2-Experimental coeff.

P,I,g,a,d,C-ditto
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The relationship between P,I,C and d for giving example

k1=7.5, k2=6.5 is shown in table 17.

Table 17 Relationship between P,I,C and d

I1=3094 Kr/t,I2=1901 Kr/t,g1=0.23,g2=0.45

a1=1.5%,a2=1.2%, Cc=36 Kr/t, C0 =53 Kr/t,Cm=51 (d=15%)

•

d I P,Kr/t

Kr/t for increament in C by
25% 30%

m35%

5 205 36 30 23

10 189 36 34 31

15 173 33 33 33

20 159 19 19 19

Table 17 shows that the optimum dilution level corresponding the

maximum profit varies in dependence with increament in mining

cost,which is needed for reduction of dilution:

When 25% increament in Cm,optimum dilution level is 5-10%;

When 30% increament in Cm,optimum dilution level is 10-15%;

When 35% increxment in Cm,optimum dilution level is 15% or so.

•
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4. Rock dilution control

As stated above the rock dilution control is of more and

more importance in connection with production situation

at present and in future.Especially it is of great signi-

ficance in respect of mining situation conditioned by

complixety of orebody and pillar extraction with possible

higher dilution.The production results from 1972-1988,ore

reserves data for 1986 and pillar condition are shown in

App.15.It can be seen e.g. that:

The Cu grade mined during 1972-1986 exeeds the average

grade of whole orebody by 0.5%,i.e. more rich Cu ore was

taken for the past years.

The Cu grade for 1981-1988 has decreased 0.17% in compa-

rison with 1972-1980 period.

-The Cu grade of remaining reserves is below the average

grade by 0.20%,and Zn grade-above average by 0.14%.

-Mining conditions at Grong Gruber are complicated owing

to more irresular and thiner part of orebody envolved and

in connection with difficulty of pillar extraction.

Based on above consideration and analysis in paragraph 2

and 3,the realistic apprtches of rock dilution control

related to stoping design and application of mining methods

are listed below:

4.1. Stoping design

As has been discussed that the complicated conditions of

Toma orebody influence in many ways on dilution level at

Grong Gruber.Summarizing the numerical analftsis of dilution

caused by various conditions of orebody the possible dilution '

level under the influences of irresularity and unevenness

of orebody are presentednitabåbleS18.

Table 18 Possible dilution level

Influencing factor_ Hanging Footwall Waste Thickness Ore grad

wall layer of orebody distri-

bution

Rock dilution,% 0-8 0-5 10-20 5-50 5-15
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Table 18 shows that the rock dilution cåsed by complexity

of Yoma orebody varies widely in dependence with numbers

of simultaneously influencing factors existing in mining

block.The high dilution level occurs where exists combi-

nation of influencing factors.

The mixture of ore with waste rock in the irregular boundary

and unevenness of grade distribution in planning stage are

main factors influencing dilution level at Grong Gruber.

Prelimeraly study shows that flexible stoping design with

using suggested optimum stoping boundary will lead to decrease

rock dilution about 5%.The choice of suitable stoping boundary

in planning stage must always be adapted to the actual mining

conditions.

Suggested optimum model of rock dilution can be used for evalu-

ating mining alternatives and selecting stoping parameters in

planning stage.The optimum solution of rock dilution control

would fulfill the demand of improving ore grade mined.Increasing

ore grade mined is of decisive importance for improving economy

at Grong Gruber.Reduction of 1% of rock dilution leads to

improving income by 1-1.5%.

4.2. Stabilization of ore grade

The most important operating parameters influencing ore quality

are:

-Rock dilution and in;this connection ore grade mined;

-Fluctuation of ore grade and its stabilization.

The dilution and optimum ore grade mined have been described

above.The stabilization of ore grade mined during production

is discussed as follows:

In mine operations the fluctuation of ore grade obviously in—

fluences the dressing results.The production is to ensure uni:-

formity in the grades or in the mineral properties of the ore.

In order to illustrate how the ore grade can be controlled,

the application dynamic programming may be presented as an


example.
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Consider the mining sequence in LH sublevel stoping.

There is an arrangement of 9 sections on each of 2 levels.

Mining is going from 1-st level and downwards to 2-ed and

from 1 to 9 sections and 3 sections are to be blasted in

each round.See fig.11.Dynamic programming based on multi-

stage decision is used for selecting the optimum sequence

of sections to be blasted.The optimum sequence is chosen

subject to the operational constraints and grade fluctuation

requirments.The optimum criteria is to minimize the sum of

deviations in grades.The results of calculations of deviations

are shown in table 19.

Table 19 Calculation of grade deviation

Alt. No 1

Sequence 1 2 4 2 5 6

Combination 1,2,3 4,5,6 vio,r1,12 13,14,15 7,8,9 16',17,18

of sections
Deviation,%

Cu -0.34 -0.04 -0.16 0.15 -0.22 0.61

Zn 0.20 -0.10 0.30 -0.36 0.13 -0.18

Alt. No 2

Sequence 1 2 3 4 5 6

Combination
of sections 1,2,10 3,11,12 4,5,13 6,14,15 7,8,16 9,17,18

Deviation,%

Cu -0.22 -0.15 -0.13 0.12 .:10.11 0.28

Zn 0.08 0.02 0.07 -0.13 0.06 -0.11

Alt. No 1 Alt. No 2

Sum deviation,%

Cu 1.52 1.00

Zn 1.30 0.05

From table 19 and fig.11 it can be seen that the stoping

sequence of Alt.,No 2 has less grade fluctuation than Alt.

No 1.In a real operation the mining sequence with regard

to the stabilization of grades is much complex.It needs a

computer simulation.
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4.3. Mining sequence and pillar extraction

The choice of optimum sequence at Grong Gruber provides normal

ore production and ore quality control and also ensures the

ground control during stoping and pillar extraction.

On selection of optimum mining sequence considerations should

be taken as follows:

Rock mechanics study of stopings and pillars by using computer

simulation of Displacement Discontinuity Method.See App.17.

Application of mathematical programming to determine production

plan with consideration of ore grade control.

Improving mining methods adapted to complicated conditions and

selecting pillar extraction methods to suit the safety and the

planed average grades.

During 1981-1982 years parts of pillars have been removed and

big room with an area of 80*80 m and a height of 20 m without

roof supporting has been formed due to excellent properties

of rocks from a stability point of view and existence of a

horizontal stresses in excess of the vertical stresses.It

results in a stable ,selfsupporting roof.This is one of effectivl

methods of pillar extraction with high recovery and minimum

dilution in proper mining and rock mechanics conditions.

The investigation of pillar condition of area 81 and B2 prOfile

(see App. 16) shows that the pillars with high ore grade and

dimension of 10-20 m are suiatable for extraction.The recovery

and dilution during pillar extraction are basically dependent

upon the methods and conditions of area mined out.The area

mined out was filled by waste rock only 30-40%.The situation

of no full filling should considered in the time of pillar

extraction.In the investigated area 81 and B2 the stopings in

contact with area mined out are about 60%.It is necessary to

take suitable means to control dilution and ore losses in the

contact area.
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4.4. Rock dilution for narrow vein orebody

Examinre the area of B2-19-22 (360-420 level) and Y-31220-

31400(520-580 level)shows that this part of orebody is a

vein type with high ore grade,the veins generally lie at

a shallow angle and average about 2-3 m in thickness.See

App.18.In a general way formulas for defining dilution

for naHow vein orebody are shown in App.I9.The dilution

is giving by mixing ore veins are being mined with waste

rock to provide sufficient working space for mining equip-

ment in the stopes.So the dilution level is determined by

stoping dimension and equipment size.

Consider two versions of mining narrow vein orebody:

Version No 1-Application of large equipment and maintain

present level of mining cost lead to incease dilution;

Version No 2-On the contrary,improving ore grade will lead

to complication of mining boundary and will limit the

application of large equipment,therefore mining cost will

increase.

Compare two cases,differing in dilution and mining cost.

thus

PI (I1a1+1.2a2)(1-dI)-CI

P2 (I1a1+12a2)(1-d2)-C2

When P = P2

c2-C1=k(d1-d2) (10)

Where k=I1a1+I2a2

P1,P2,I1,I2, 1aa2,C1 ,C2 -ditto

Version No 1 is giving index 1 and version We 2-indez 2.

According formula (10),we thus find that the cost difference

between two versions is directly proportional to the diffe-

rence of rock dilution,if the profits of two versions are

equal.In other words,the profit can be increased by reducing

rock dilution froå d1 to d2 and at the same time increasing

the mining cost from C1 to C2'i.e. the inciletment in costs is

compensated by decreasing rock dilution.
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Example. Consider a high grade narrow vein(B2-19 to B2-22,

360-420 levels) with thickness of orebody less than 3 m.

The figures might be:

I1=9.79 Kr/t;

12=4.23 Kr/t;

r1=0.87; r2=0.83;a1=2.8%,a2=1.47%;

C1=140 Kr/t;

d1=0.5(thickness of vein is 2.5 m,

stoping width is 5 m for aviable equipment).

Substituting the data presented above,profit will be:

P=(9.79*0.87*0.0281-4.23*0.83*0.0147)(1-d)-C=290(1-d)-C.

How will dilution decreased by increasing in costs in

order to maintain the constant profit level.

When dilution decreases from 0.5 to o.26,the cost can be

increased by 50% from 140 Kr/t to 210 Kr/t,with unchanged

profit,see line(1) and (2) from point A to B in fig.12.

Profit calculation for two versions are shown in table 20.

Table 20 Profit calculation

	

Version Cost,Kr/t Expected dilution P

Mining Mill indirect Sum % Kr/t

	

No 1 51 36 53 140 50 5

	

No 2 102(*) 36 53 191 25 26

*-asumed cost is twice of version No 1.

Table 20 shows that in case of double mining cost by using

mining with less dilution the prifit increases to a great

extent by lowering dilution.The stoping parameter for narrow

vein orebody can be optimized by using the optimum model based

on establishment of interdependencies between ore quality

parameters.The method of stoping parameters optimization and

equipment size selection is shown in App. 20.It "should here

be point out that the optimum stoping parameter can be obtained

by maximizing profit for each specific cases.The influence of --

equipment size on dilution and mining cost can be examined

using optimum model for narrow vein orebody with thickness

of 0.5-5 m.
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4.5.Prediction of dilution level and improvement in mining

methods

Using numerical analysis method described in paragraph 2

dilution level of existing blocks can be predicted as

shown in App.21 and table 21.It shows that the most blocks

of X series have dilution level 10-15% or so and blocks of

132 series have average dilution of about 30%.It is observed

that the tendency of increasing dilution is remarkeble.This

situation is mainly caused by extraction of narrow veins and

complicated orebody including existance of waste layer.

In order to control dilution for further production,the impro

vements in mining methods can be suggested as follows(see fig.

13):

-Mining method with minimum dilution by means of separation

of ore from waste or application of small equipment for narrow

vein orebody with high grade;

-Selecting mining by dividing two-stage to be blasted in LH

sublevel stoping for mining of various ore types and separating

waste layer;

Stoping with ore mucking by means of blasting forces for flat-

dipping orebody;
fl

Pillar mining inlbotact with filling massive for complicated

rock mechanics conditions;

Stoping with closer distance between holes for changeable

forms of orebody.



TablenEstimatiom of rock  dilutiQn_at_Grnng_Gzuber

Block Ore grade in situ,%

Cu Zn

Rock dilution,7, Ore grade planned,%

Cu Zn

2 0.68 1.91 9.4 0.62 1.73
3 0.29 2.80 10.0 0.26 2.52
4 0.44 3.02 9.3 0.40 2.74
5 0.56 1.61 10.2 0.50 1.45
6 0.81 2.97 11.0 0.72 2.64
7 1.71 2.03 13.3 1.48 1.76
8 0.82 0.72 13.0 0.71 0.62
9 1.07 2.23 10.7 0.96 2.55
10 0.59 2.85 8.0 0.54 1.80
11 0.78 1.96 16.0 0.66 1.65
12 1.67 1.50 5.0 1.59 1.43
13 2.01 1.77 14.9 1.71 1.51
14 0.93 0.26 30.0 0.56 0.16
15 0.91 1.40 9.3 0.83 1.27
16 3.76 0.59 50.0 1.88 0.30
17 1.08 1.22 10.8 0.96 1.10

X Series




14.0




21 1.42 1.38 10.6 1.27 1.23
22 1.11 2.70 22.0 0.87 2.11
23 2.16 0.15 19.0 1.75 0.12
24 1.39 1.83 12.0 1.22 1.61
25 1.83 0.66 45.0 1.01 0.3626 1.95 2.36 42.0 1.13 1.3727 1.74 1.12 41.0 1.03 0.66

B2 Series




31.0




81 1.79 0.80 17.0 1.49 0.6682 1.24 1.98 16.6 1.03 1.65

31 Series




17.0




51 3.05 1.56 22.0 2.38 1.22
52 1.32 1.28 18.5 1.08 1.04
53 1.36 0.67 47.0 0.85 0.36
54 . 2.40 1.52 30.0 1.68 1.06
55 0.79 2.55 17.0 0.66 2.12
56 1.70 0.33 23.0 . 1.31 0.25

Y Series




23.0
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B-8

5/

--

Stooing with ore-mucking by means of blasting 'forcel

•

Stoping with claser distance between hole

•

.Pillar mining it.ibotact with filling massivel. .

Fig.13 Schemeof variantsof miningmethod
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Conclusion

The rock dilutionin Grong Gruber for long time periodfrom startingup to

now averagesabout 10-15%and has tendencyof increasein it due to complexity

of mining conditionsin the comingyears.Themajor naturefactorsinfluencing

the rock dilutionin the mine are irregularityand unevennessof the orebody,

which influenceon dilutionlevel to considerableextent(5-20%and more).

Economicalanalysisshows that decreasingrock dilutionand increasingore

grademined are of decisiveimportancefor improvingthe economyat Grong

Gruber.Reductionof dilutionof 1% leadsto improvethe incomeby 1-1.5%,

that is about 2 Kr/t under existingcircumstancesof the mine.Numercal

analysisalso shows that it could be possibleto decreasethe dilutionby

5% in planningstage using optimummodel of dilutionfor complicatedcondi-

tionsof joma orebody.

The suggestedoptimumstopingdesign,modellingwith grade control,dilution

controlfor narrowvein orebody,improvementin miningmethodsand application

of stopingtechnologywith limiteddilutionare realisticapprochesto control

rock dilutionand to get better economyduringfurtherproductionat Grong

Gruber.
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4 1.t. E.2./AN

Grcng Gruber As

JOMAFOREKOM:STEN

historisk-oversikt:

Sum forekomst1972

Utbruttmalm:

produserti perioden
sept.72 - mai 87

Tilleggsmalm:

påvisti perioden

sept. 72 - mai 87

Sum forekomstmai 1987

•

merkn.

mill,
tonn




råmalm

in situ
- gehalter,
Z Cu Z Zn

produserbare
-.gehalter
Z.Cu Z Zn


 16,424 1,27 1,70





 5,7 (1,79) (1,42) 1,56 1,24


 4,5 1,40 1,58





 15,224 1,13 1,79 (0,98) (1,56)

-

-
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App.1-6

(1)Ore reserves in planning for 1982-1985

Year Ore reserves(plan) Ore mined

Cu grade Tonnage Cu

% kt

	

1.67 425

	

1.56 483

	

1.45 396

	

1.34 443

	

1.50 1747




Tonnage,kt

1982 400

1983 480

1984 480

1985- 484

1982-1985 1844

rock

grade

%

dilution,'

1.58 5.4

1.48 5.1

1.38 4.8

1.30 3.0

1.44 4.0

•
(2)Ore reserves of major blocks for 1972-1984

Major production blocks Ore reserves

Tonnage,kt Cu grade,%

10,11,12,21,22,23,24,25,51,52,

53,54,55,56,61,81,82. 5670 1.83

(3)Ore mined for 1972-1984

Year Ore mined

Tonnage,kt Cu grade,%

1972-1984 4525 1.59

•



X series

App.1 -7

Ore reserves in situ

Tonnage,kt Cu grade,%

Ore to be.mind

Tonnage,kt Cu grade,%




A 1011 1.61 1011 1.34 17
B 1775 1.50 1775 1.23 18
C 604 1.26 98 1.84 -46
D 132 3.20 92 2.72 15
Sum 3522 1.55 2976 1.33 14
Y series






B 174 2.02 174 1.60 21
C 157 2.38 99 2.13 11
D 61 2.20 38 1.85 16
Sum 392 2.19 311 1.80 18

•



App. 2.

ORE QUALITY'AND ITS DISTR/BUTION

1. Difination

In Dractice,rock dilution is a mining Darameter useful for

evaluating the ore quality and efficiency of a giving mine

situation.According to different mining situations rock

dilution is defined as follows:

(1)Rock dilution is defined as weight Dercentage

d1=q/Q
(1)

d2=q/Q'

• This is a direct method used in cases where it is possible

to directly measure the weight. ,

— (2) Rock dilution is defined as grade percentage.

d =a -a/a
1 0 0 . (2)

d2 =a0 -a/a

. .
It is a inderect method for estimating rock dilution emploed

in most mining situations. .

(3) Rock dilution is defined as valume or thickness percentage.

d =m-m0 /m
1 


d2=m-m0/m0

It is also a direct method for estimating rock dilution used

in in situation of narrow vein mining.

Where:
å1,d2- Rock dilutiom,%,

Tonnage of waste rock,t,

Q- Tonnage of ore mined, i.e. ore+rock,t,

a - Ore grade of the mineable ore reserves,%,
0

a- Grade of ore mined,%,

m- Stoping thickness,m,

mo- Thickness of narrow vein,m.

Q'-Real ore present in Q,t.
It can be shown that formulas (1) and (2) are equivalent.

d=a0 -a/a =a -Q'a /Q/a.=1-Qs/Q=4/5:2

0 0 0 


(3)



. ORE'QuALITY CONTROL PARAMETERS

• The mosz widely used ore qUality control parameters are metal
recoverv,ore recovery,rock dilution and ore quality Index
useful for evaluating the economy and efficiency of mine opera-.
tions. These parameters are defined as follows:

M = Q.a/Q0.ao ' (4)

R = Q/(20 (5)

d = ao- a / a
0 or d= a0 -a / a0 (6)

I = a/a0
(7)

Where:
M-Metal.recovery,%,
R-Pre recovery,%,
d-Rock dilution,%,
I-Ore quality Index,%,
Q-Tonnage of ore mined,t,
Q0 -Tonnage of ore reserves in situ,t,
a-Average grade of ore mined,%,
a0 -Average grade of'ore reserves in situ,%,

a'-Average grade of waste rock,%.

Ore quality index,I,eauals 1-(Lindicating the ratio between
metal recovery and ore recovery,I=M/R,can be considered as
a parameter reflecting the difference between in situ grade
and mined grade.

As discussed'above,the rock-dilution is expressed by
d=a0 -a/ao'or d=a0 -a/a,thus we get:

I=1-d 1(8)
I=1/1+d

In the situation when the grade of rock,a' is not zero,
the rock dilution can be calculated from following
formulas:

d=a0 -a/a0 -a'

(9)
d=a0 -a/a-a'.

In a situation when the grade of"waste rock has to be taken
into account,the ratio between ore quality.index and rock
dilution is expressed by formula:

I = 1-(1-a'/a0 -).d. ge)
-



App.3-1

Place Ore grade(;),%
- 2

(a-a)

Cu Zn Cu Zn

1.87 6.32 13.06

	

BSK 429,BSK 416 x=95120 1.16

Cu: s2=6.32/11=0.57, s=0.76, v=0.76/1.16=65%;

Zn: s2=13.06/11=1.19, s=1.09,v=1.09/1.87=58%.

BSK 429 BSK 416 x=95080-

	

95160 1.15 1.86

Cu: s2=0.85/9=0.09,5=0.307,v=0.307/1.15=27%;

Zn: s2=0.48/9=0.05,s=0.23,v=0.23/1.86=12%.

0.85 0.48

•

•






in1situ tonn og gehalter ! 114 LH s p o.00 o.00 0.0 54 LA 50 0.00 0.00BLOCR 701411 Cu% ZnS „ S" ! 114 STROSS ,- 0 --' 0.03 0.00 0,0 54 STROSS 0 0.00 0.00 0.0 11




!- 14 ORT '4") I.,-.0.00 0.00 0.0 54 ORT 0 0.00 0.00 0.0 !
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2 STROSS o o.00 0.00 0.0 ! 15 5124 I 401505 0.72 0.98 0.0 !ss SL24 83648 1.11 1.97 0.0 !
2 ORT 5 0 0.00 0.00 0.0 5 16 LII 5 0 0.00 0.00 0.0 55 LH 5 0 0.00 0.00 0.0 !2 UDEF. 5761344 0.85 1.32 0.0 16 STROSS 0 0. CO 0.00 0.0 5 56 STROSS5 0 0.00 0.00 0.0 !I
2 St24 761344 - 0.85 1.32 0.0 5 16 ORT 5 0•0.00 0.00 0.0 56 ORT 0 0.00 0.00 0.0 '.'3 L/I 0 0.00 0.00 0.0 5 16 UNDF. 5 139183 1.67 1.89 0.0 56 IIDEF. 5 48468 2.49 0.39 0.0 !3 STIMSS o - 0.00 0.00 o.o 16 Sts14 5 135183 ....1.67 1.89 0.0 55.5 sui5 48468 2.49 0.39 0.0 !
3 ORT 5 0 0.00 0.00 0.0 5 17 LH 5 0 : 0.00 0.00 0.0 si LA 0 0.00 0.00 0.0 !3 UDEF. 5 286543 0.28 3.35 0.0 17 STROSS 0 ' 0.00 0.00 0.0 61 STROSS 0 0.00 0.00 0.0 !c,3 9_21 5 286513 0.28 3.35 0.0 17 ORT 5 0 . 0.00 0.00 0.0 61 DAT 0 0.00 0.00 0.0 !4 LH 5 0 0.03 0.00 0.0 17 (IDET 5 375936 1.21 1.02 9.11 61 LIDE. 610000 2.10 0.80 0.0 !4 STRESS5 0 0.00 0.00 0.0 5 17 5124 5 375936 1.21 1.02 0.0 61 5134 5610000 2.10 0.80 0.0 !4 ORT 5 0 0.00 0.00 0.0 5 21 LH 5 0 0.00 0. CO 0.0 81 LA 5 0 0.00 0.00 0.0 !4 LDEF. 52054797. 0.53 2.02 0.0 21 STROSS 0 0.00 0.00 0.0 81 STROSS5 0 0.03 0.00 0.0 ! '4 a 5 2054797 0.53 2.02 0.05 21 ORT #0 0.00 0.00 0.0 81 ORT 5 0 0.00 0.00 0.0 !5 LH 5 0• 0.00 0.00 0.0 21LIDEF• 5 558058 1.36 1,19 °, 0 581 tIDEF. 5 651788 1.28 1.68 0.0 !
5 STROSS 0 1.10.00 0. CO 0.0 >21 ai 558058 1.36 1.19 0.0 . i51 suct 5 651788 1.28 1.68 0.0 !5 ORT 0 0.00 0.00 0.0 5 22 LII 0 0.00 0.00 . 0.0 !152 LH 5 0 0.00 0.00 0,0 !5 liDif. I 2080046 0.64 2.34 0.0 22 STRGSS 0 0.00 0.00 0.0 ! 82 5-fRess 0 0.00 0.00 0,0 !




SUM 2080006 0.64 2,34 0.0 22 ORT 0 0.00 0.00 i 0.0 ! A2 CHT 5 0 0.00 0.00 0.0 !6 LH 5 0 0.00 0.00 0.0 22 UDIFY. 141087 1.24 2. 09 ; 0.0 5 82 UDEF. 5 495999 1.45 0.98 0.0 !6 STROSS 0 0,00 0.00 0.0 5 -22 ra 141067 11.24 2.09 0.0 5 82 5124 5 495999 1.45 0.98 0.0 56 ORT 5 0 0.00 0.00 0.0 23 LA 0 0.00




0.00 0.0
6 UDEF. 5 6349 0.55 3.08 0,0 23 STROSS 0 0.00 0.00 0.0 ! 531 515077265 1.17 1.76 0.0 !
6 St.1 622349 0.55 3.08 0.0 5 23 ORT 0 - 0.00 0.00 0.0 ! _ _. :




7 LH •0 0.00 0,00 0.0 23 UDEF. 264032 1.69 1.28 0.0 !
7 STROSS 0 0.00 ,0.00 0.0 23 S1511 264032 1.69 1.28 0.0 fl
7 ORT 5 0 0.00 , 0.00 0,0 24 LH o 0.00 0.00 0.0 !i




7 UDEF. 5 644275 1.61: 2.07 0.0 5.24 STRCSS 0 0.00 0.00 0.0 ! i App. 3 - 1
7 S124 5 644275 1.41 2.07 0.0 24 ORT 0 0.00 '0.00 0.0 ! r
8 LH 5 0 0.00 0.00 0.0 5 24 LiDEF. 433924 1.47 i 1.41 0.0 !!
8 STROSS 0.00 0.00 0.0 24 Wel 433524 " 1.47 t 1.41 - 0.0 11 Coeff. variaton:
8 ORT 0 0.00 0.00 0.0 25 LH 0 0.00 0.00 0.0 51 Cu- 32=18.26/32=0.57
8 LIDU. 5 253098 I 3.24 0.79 0.0 1 25 STROW 0 0.00 0.00 0.0 ! S=0.768 SUM 5 253098 3.24 0.79 0.0 5 25 ORT 0 0.00 0.00 0.0 ! v=0.76/1.17=65%9 LH 0 0.00 0.00 0.0 25 110151. 388435 2.22 0.75 0.0 ! 2
99 STROSS

ORT
0
0

0.00

0.00

0.00

0.00

	

0.0 125 Strel

	

0.0 5 26 LH
388435

0
2.22

0.00

	

0.75 0.0 Zn- s=15.76/32=0.49

	

0.00 0.0 5. s=0.70
9 tIDEF. 5 598737 1.59 1.99 0.0 5 26 STESS 0 0.00 0.00 0.0 v=0.70/1.76=40%
9 S) 5 598737 1.59 1.99 0.0 26 ORT 0 0.00 0.00 0.0 5.

10 LH 5 0 0.00 0.00 0.0 326 UDEF. 303858 2.45 1.59 0.0
10 STROSS5 0 0.00 0.00 0.0 5 26 St24 303858 2.45 1.59 0.0
10 ORT 5 0 0.00 0.00 0.0 27 LH 0 0.00 0.00 0.0
10 UDEF. 5 741085 0.83 2.37 0.0 5127 STROSS 0 0.00 0.00 0.0
10 51114 5 741085 0.83 2.37 0.0 5 27 ORT 0 0.00 0.00 0.0
11 LH 5 0 0.00 0.00 0.0 27 UDEF. 388980 1.97 1.05 0.0
11 STRCSS5 0 0.00 0.00 0.0 '27 SL/41 388980 1.97 1.05 0.0
11 ORT 5 0 0.00 0.00 0.0 51 1.11 0 0.00 0.00 0.0 5.
11 UDEF. 5 388999 0.73 1.63 0.0 5 51 STROSS 0 0.00 0.00 0.0
11 Stil 388999 0.73 1.63 0.05 51 ORT 0 0.00 0.00 0.0




12 LH 5 0 0.00 0.00 0.0 5 51 LIDEF. 191922 1.87 1.88 0.0




12 STROSS 0 0.00 0.00 0.0 5 51 am 191922 1.87 1.138 0.0




12 ORT 5 0 0.00 0.00 0.0 52 LB 0 0.00 0.00 0.0




12 UDEF. 5 354186 1.10 2.04 0.0 52 STROSS 0 0.00 0.03 0.0
12 S114 5 354186 1.10 2.04 0.0 52 ORT 0 0.00 0.00 0.0
13 111 5 0 0.00 0. CO 0.0 52 UDEF. 171257 2.01 1.36 0.0
13 STBOSS5 0 0.00 0.00 0.0 52 SLim -171257 2.01 1.36 0.0
13 ORT 5 0 0.00 0.03 0.0 5 53 LH 0 0.00 0.00 0.0
13 LIDEIF.5 1413009 2.15 1.64 0.0 5 53 STROSS 0 0.00 0.00 0.0
13 SUPI 5 148009 2.15 1.64 0.0 53 CRT 0 0.00 0.00 0.0





53 UDEF. 55599 1.84 1.38 0.0





53 5J21 55599 1.84 1.38 0.0 .



App.3-2

BORHULL NR.1028

X= 95139.4

LENGDE

FIL NR. 80

Y= 31594.8


LI %Cu

Z=

tZn

434.92

Sp.v.

RETN.=+35/300

V.M. Cu.u. Zn.u.

1 0.00 - 2.00 2.00 1.27 2.51 4.65 9.30 11.81 23.34

2 2.00 - 4.00 2.00 1.96 0.73 4.60 9.20 18.03 6.72

3 4.00 - 6.00 2.00 1.84 0.33 4.52 9.04 16.63 2.98

4 6.00 - 8.00 2.00 1.04 1.15 4.28 8.56 8.90 9.84

5 8.00 - 10.00 2.00 0.21 0.27 4.53 9.06 1.90 2.45

6 10.00 - 12.00 2.00 0.31 2.96 4.45 8.90 2.76 26.34

7 12.00 - 14.20 2.20 0.76 4.15 4.47 9.83 7.47 40.81

8 14.20 - 16.00 1.80 0.37 0.41 3.25 5.85 2.16 2.40

9 16.00 - 18.00 2.00 3.15 0.61 4.23 8.46 26.65 5.16

10 18.00 - 20.00 2.00 2.25 0.55 4.43 8.86 19.94 4.87

11 20.00 - 22.00 2.00 1.59 0.92 4.31 8.62 13.71 7.93

12 22.00 - 24.00 2.00 1.56 0.64 4.23 8.46 13.20 5.41

13 24.00 - 26.00 2.00 1.38 0.76 4.06 8.12 11.21 6.17

14 26.00 - 27.00 1.00 5.00 0.89 4.40 4.40 22.00 3.92

15 27.00 - 28.52 1.52 5.05 0.24 4.33 6.58 33.24 1.58

SUM




28.52




123.25 209.61 149.93

W.SN.




1.70 1.22 4.32





16 33.60 - 35.00 1.40 0.21 3.39 4.21 5.89 1.24 19.98

17 35.00 - 37.00 2.00 0.25 3.99 4.35 8.70 2.18 34.71

18 37.00 - 38.25 1.25 0.51 3.74 4.03 5.04 2.57 18.84

SUM




4.65




19.63 5.98 73.53

GJ.SN.




0.30 3.75 4.22





11

Cu: s2=32.17/14=2.30,s=1.52,v=1.52/1.70=89%;
zn: s2=21.43/14=1.53,s=1.23,v=1.23/1.22=100%.



11

BORHULL NR.1029 FIL NR. 81




X= 95139.6

LENGDE

Y= 31594.8


M %Cu

Z=

%Zn

433.86

Sp.v.

RETN.=+18/300

V.M. Cu.u. Zn.u.
1 0.00 - 2.00 2.00 0.46 4.47 4.60 9.20 4.23 41.12
2 2.00 - 4.00 2.00 1.98 1.50 4.58 9.16 18.14 13.74
3 4.00 - 6.00 2.00 1.66 0.35 4.58 9.16 15.21 3.21
4 6.00 - 8.00 2.00 2.31 0.36 4.53 9.06 20.93 3.26
5 8.00 - 9.57 1.57 1.46 0.90 4.49 7.05 10.29 6.34
6 9.57 - 10.80 1.23 0.00 0.00 2.70 3.32 0.00 0.00
7 10.80 - 12.00 1.20 0.54 2.27 4.39 5.27 2.34 11.96
8 12.00 - 14.00 2.00 0.41 2.55 4.53 9.06 3.71 23.10
9 14.00 - 16.00 2.00 0.30 5.11 4.68 9.36 2.81 47.83

10 16.00 - 18.00 2.00 0.37 2.64 4.70 9.40 3.48 24.82
11 13.00 - 20.00 2.00 0.43 2.10 4.55 9.10 3.91 19.11
12 20.00 - 22.00 2.00 0.42 0.09 4.32 8.64 3.63 0.78
13 22.00 - 24.00 2.00 0.25 0.51 4.47 8.94 2.24 4.56
14 24.00 - 26.00 2.00 0.16 0.12 4.47 8.94 1.43 1.07
15 26.00 - 28.00 2.00 0.16 0.05 4.47 8.94 1.43 0.45
16 28.00 - 30.00 2.00 0.28 0.48 4.39 8.78 2.46 4.21
17 30.00 - 32.00 2.00 0_34 0.41 4.40 8.80 2.99 3.61"-
18 32.00 - 34.00 2.00 0.20 5.49 4.57 9.14 1.83 50.18
19 34.00 - 36.00 2.00 0.26 6.57 4.45 8.90 2.31 58.47
20 36.00 - 38.00 2.00 0.30 0.87 4.83 9.66 2.90 8.40
21 38.00 - 40.00 2.00 0.22 2.65 4.63 9.26 2.04 24.54
22 40.00 - 41.21 1.21 0.42 3.39 4.46 5.40 2.27 18.29
23 41.21 - 42.72 1.51 0.26 1.16 3.53 5.33 1.39 6.18
24 42.72 - 44.00 1.28 3.43 1.05 4.12 5.27 18.09 5.54
25 44.00 - 45.93 . 1.93 1.58 0.28 4.33 8.36 13.20 2.34
SUM




45.93





203.50 143.75 383.12
GJ.SN.




0.71 1.88 4.43





Cu: s2=17.28/24=0.72,s=0.85,v=119%;
Zn: s2=3.69 s=1.92,v=lo2%.



-
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App.4.

. DISTRIEUTIONOF ORE QUALITY
in ,situ

The ore qualityof deposit-n-rt caSes is usually

distributeduneven.The degree of unevennesSof distri-

bution can be evaluatedby expression:

1

100-6-,
V_ 
a -

	

r/ amaxor V=100


T-Standard deviation;

a2amax,aminrmean,max. and min. value.resuectively.

amin

WhEre:
._

V. Coefficientof variation;

Accordingto variationratio the degree of-unevennessof

distributionis classifiedin.followingthree:ranks:

Ranking CorrespondIngV values
1. Uniform distribution V-c20 %;.

"2.Gradationaldistribution V=20-i00-%;

3. Erratic distribution
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App. 6

Place No

429 BSK1
x-95140,y-31600

Area Tonnage

(t)

Ore grade,%

Cu Zn

without waste 5 11 900 0.46 6.82
1





6+6 122 10492 1.73 2.66

7 188 166940 0.28 3.00

Sum 321 28086 0.83 3.00

Including waste 5 11 900 0.46 6.82

5' 12 672 0 0

6 110 9460 1.73 2.66

7 188 16694 0.28 3.0

7' 12 672 0 0

Sum 333 28398 0.76 2.86

App. 7





2/x/LH

x-95100, a




76928 1.39 2.05

b




75752 1.41 2.08

x-95120 a




73743 1.01 1.42

b




72231 1.03 1.45

x-95140 a




61614 0.89 1.26

b




60998 0.90 1.27

x-95160 a




62815 0.98 1.79

b

a-stoping boundary

b-boundary of orebody




60463 1.02

'

1.86

App. 8

x-95120




54341 1.25 . 1.80




10304 0 0

Sum




64645 1.05 1.52

x-95100 1-5




57112 1.80 1.75

w




5600 0 0

Sum




62712 1.64 1.59

x-95080 1-6wsum




:1M ..5421
1.74

Y.61
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App.9

Place Tonnage,t Ore

Cu

grade;%

Zn

520,y-31760 2-4 12494 0.3




3.7

1960 0




0

Sum 14454 0.26




3.2

App.10




3SK429,x-95100





Alt.Nol. 7,8,9,10,11,12,13 76927 1.39




2.05

Alt.No2. 7,8,9,10,13 69003 1.54




2.17

Alt.No3. 7-13,14,15 92677 1.37




2.10

App.11





Alt. Area Ore grade mined%?
u





a' a waste Cu




Zn
..





Rå-IF 1487 (a =1.4-2.1%a =0.92-5.05)





1 31.97 2.77 2.77 1.26




2.16

2 ' -31.97 .0 - .0 . . 1.40




2.10

3 31.97 2.08 0.69 1.34




2.23

g6fil 1488(a'=1.65-2.09%,an=0.9-9.63%)





1 25.35 1.29 1.29 1.54




2.34

2 25.35 0 0 1.65




2.09

3 25.35 1.04 0.25 1.61




2.37

R 8W. 1489(as=0.76-1.73%,:=0.97-3.40%)





1 15 3.9 3.9 0.67




1.72

2 15 0 0 0.76




1.73

3 15 3.2 0.7 0.77




1.95
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App.10.
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App . 13.

Ciptimication ore grade mined in planning

ns disoussed inNthat.the.boundary condition and unevenness

ure grade distR-ibution inlluence on rock dilution.It

should be possible to give a mathematcal interpretation eF
relationship between mining boundary,rock/kaste contact and

ore grade distribution.Such an analysis kould become a useful

tool v.hen estimatinc the optinum ore gradc mined in planning

stace.

From the goometry gf rEck/v.asto contact and ore grade distri-

bution the cre grade in situ and ore grade mined -For certain

minino boundary1--- (7..The relationshic can be derived,
based 0n -Folloing e;:gr ssions:

a(0)=
m,h a(1)±n*ha(2)/2 m*a(1)-f-ns.(2)/2

m c/2m*h±nth/2

ml?.h*(1)-FTI*h-h:C mt,a(1)z, 1.1*a(2)-/.2t,n

(5(

..(1)-ze,(2) (2) (v:-,-.-Jyf,27,-/

1,1here:

a(0)-Dre grade in siti ;(.;

a-Cre orade mined -For divino minirsd bocndary,"/.

'idth bf mining area.m.

The macimum ore crade mined with respect to mining boundary

1 may be obtained by eguatinc the partial derivative,da/dI,

Eg.(5) to rero:

da

dl

da

	 - 0


dl

(m«.a(1.)-4-1-a(2)-a(2)*1/2*n)-(m±i) (a(12)-a(2) /n)

(rn±1)

(m*a(1)±a(2)*1-a(2) /2*n)-(m1)(a(2)-a(2)*1/n)-=0

or

2.
-a(2)*1/2*n-m*a(2)*1/n+m*(a(2)-a(1))=0

Solving -for 1.the optimum mining boundarv 1-opt..is:

2tn
1-opt.=m*K(1+----(1-

a ( )

a(2)

1



Substituting Eq. (7) in Eq.. (.5),the maximum are grade mineda—max.,can be calculated
•

1 ' a(2)

_•.--•:- .••• ., •
• 'nv a (2)

t21:562S"

and .the optimum o+ mining boundary w—opt. will be:

••••

•

n/m a(1)
(1+---(1— ---))

a(2)

' a(2) • 2n all) 1.2
	 llt. (1— 	 )).

2n/m • m a(2)

Stopingboundary
goundaryof orebody

(9)

a I b

•
71=1.ni * hi/ h

n1 h2

I jehl

a-Areawith high grade a(2),%
b-Areawith low grade a(1),%



App.14

x-94920

Stoping boundary Tonnage,t Zn grade,%

1 12612 1.08
2 16184 1.63
3 20660 2.51
4 24160 2.30

App.15

Year Annual production,kt/y Ore grade,%
1972-1980 308 1.64-1.04
1981-1988 459 1.47-1.40

Ore reserves(1972-1986) Tonnage,Mt Ore grade,%
Total 20.924 1.30-1.67

Reserves mined out 5.948 1.80-1.32

Remaining reserves 14.976 1.10-1.81

App.16

Place Pillar Area mined out Number of block to be

B h 'No filled Filled mined in condition

B h B h normal complicated
81-3 15 20 30 50




1 3
81-4 20 20 25 55




1 3
81-5 20 15 20 45




1




81-7 20 20 10 10 30 55 1 2

81-8 8 8 30 20 30 35




3
81-9 8 8 25 20 25 30




3
82-2 20 10 50 10





2
82-6 20 20 45 15 25 30 1




82-9 20 20., 40 70 30 35




1
82-11 10 15 70 15 30 35 1 1
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App- 17

In examining the stability of room/stopes and pillars,7here are three aspcts.to be considered:
4) stress change that are caused by the excavation,
b/ deformation of the.room's roofs and pillars,
c/ parameters optimization of rooms and pillars.

Under certain geological conditions, stress distribution depends
mainly on stopes geometry,stoping arrangement and sequence,
and number of'simultaneoias working stooes.
stress distribution around,and stability of rooms and pillars
are dfscussed using Displacement Discontinuity Me hod and 'its
Computer programme (MINTAB).

MINTAB is a computer programme developed for analyzing pillar
extraction scheme in a tabular orebody which is flat-lying or
dipping at any angle up to 900 to the horizontal.The thickness
t of the orebody is small compared to its lateral extent and
the depth below the.surface,Threfore, the orebody can be viewed
as a simple plae crack of negligible thickness.The programme is
based upon the Displacenent Discontinuity Method(DDM).0ne of
the basic assumptionsihrthe present version of MINTAB is that.: ,pillars or intact portions of the unmined seam remain rigid.
In other words they are in compressible as a result of load -•
re-distribution resulting frdm mining./n reality, however,the•:.pillars,remants'or abutments are deformable and the deformation

. -
•



would be proportional,within the elastic limit,to the lead
transferred onto them,Threfor,for mor realistic simulations
in mining of tabular orebody,the compressibility of the seam
should be taken into account.

Based on available information of the geology of the orebodyand physico-mechanicel properties of the host rocks,a mine
area with dimensins of1220 m by 120 m has been taken for
computer simulation. The mine area is diveded into 3 large

4/ squares in X-direction (strike) and 3 large squares in Y-




direction (dip).Each large square is further divided into
5x5 smAll squares.The area consist of (3x5)x(3x5)=225 small
squares,and the width of small square is 8 m.
A printer plot routine was designed and incorporaded to rep-resent:stresses

displacements Pix,Py/Pti

- I

released energy E and strength/stress ratio- SSE,wlach provides

•
a general Sdea of stability for,the mdming conditions. A factor-of safety less than 1.0 indicates an unstable condition where4/ total stress is exceeded the mobilized strenth of pillars.



•

App.18

82(360-420)

Profile Length of orebody - Ore grade,%

m>3 m<3

82-19 20 90 1.82-1.02

82-20 0 200 1.87-1.14

82-21 30 90 3.13-2.71

82-22 0 140 4.38-1.01

y-31220 0 25 3.0-0.5

y-31240 0 55 5.84-0.52

y-31260 10 100 1-14-1.04

y-31280 30 150 1.35-1.33

y31300 90 80 1.11-1.77

y31320 50 90 1.53-1.35

y-31360 30 90 1.97-1.16

y-31380 50 100 2.05-1.57

y-31400 10 60 2.76-1.54

•
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App.19.

Ore cuality optimization for narrow vein orebodies

1. Calculation formulas

In a general way,formulas for defining rock dilutionwere introduced by Eustace Alaphia Wright (6).
Two basic methods are available for estimating rockdilution for narrow vein orebodies:
Direct method

d1=m'q/(m0+m')q=m'/m0+m' (14)

d2=m1q/m0q=m1/mo
(15)

Indirect method

=a, —a
0 a0

d=a-a
2 0 /a-a'

Where:
,m'-thickness of ripping waste rock,m,
m0 -thickness of ore veins,m,
q-productivity per meter-thickness,t/m,
a0, a' and a-Average grade of ore veins,of waste rockand of the mixture of ore and waste rock mined,respec- .tively,% or g/t.
It is usually possible to directly measure the thick--nesses mo'm and m during stoping of narrow veins 0re-.. .bodies.
It can be shown that formulas (14)and -(16)are.equivalentand that formulas (15) and (17)are also equivalent.Formulas (14)and (15)can be converted-using the trans-formation k,reflecting ratio of m to m

.m/m =k,where k>41 0
0Thus:
d1 =m'/m=1-1/k

d2=m'/m0 =k-1
 •The corresponding values d1and d2are shown in table 4 'j.r.)

Table 4 Rock dilution of formulas (14) and (15)
d1=k -1/k

0.17
- 0.29
- .0.38

. 0.44
,0.50
0.60

• 0.71
0.80

d2=k-1

0
0.20
0.40
0.60
0.80
1.00
1.50
2.50
4.00

2.5

3.5

5.0



App.20-.

3. Stoping thickness parameters ontimization

In general stoning thickness exercises great influence-on ore losses and rock dilution and mining•cost fornarrow veins orebody.Increasing stoping thickness willlead to increse rock dilution and to deczease ore lossf' The connection between mining cost and the order of si:for rock dilution and ore losses will.be discussed byusing optimal model of ore quality in a specific caseof narrow veins orebody.

Adaptation of equipment size to thickness of orebody

The equipment size is one of major factors,relating toeffect on rock dilution and mining cost,specially fornarrow veins orebody.It is well known fact that as thethickness of orebody increases,the use of more equipmentsize is needed.The influence of equipment size on rockdilution and mining costs cam be examined using optimummodel of ore quality for mining of narrow veins orebodywith thickness of 0.5-5.0 m.
Comparing.two drill eauipment,differing.in mining cost .and.rock dilution,the total costs of both drili:methodscan be calculated by :
C=C +C /1-d
c m

Where:
C-total cost,v/t,
C -Concentrate cost,v/t,C =7 .v/t,
Cm-mining cost,v/t
and difference in total costs will be:-

=C
c+Cml/(1-d1)- Cc+Cm2/(1-d2)

Small-diameter drill is giving index 1,and middle-diametedrill index 2.
Consider the curves C =f1 (m05and C,=f,(mr ) in fig.10.1showing total costs oz different m‘eithods fordifferent thickness of orebody.The point of intersectionof two curves will correspond the thickness of orebodyof about 3 m,i.e. middle-diameter drill will be rational,when thickness of orebody m=3m.

_



Estimatiomof rock dilutionat Grong Gruber

Block Ore grade in situ,%

Cu Zn

Rock dilution,% Ore grade planned,%

Cu Zn

2 0.68 1.91 9.4 0.62 1.73
3 0.29 2.80 10.0 0.26 2.52
4 0.44 3.02 9.3 0.40 2.74
5 0.56 1.61 10.2 0.50 1.45
6 0.81 2.97 11.0 0.72 2.64
7 1.71 2.03 13.3 1.48 1.76
8 0.82 0.72 13.0 0.71 0.62
9 1.07 2.23 10.7 0.96 2.55
10 0.59 2.85 8.0 0.54 1.80
11 0.78 1.96 16.0 0.66 1.65
12 1.67 1.50 5.0 1.59 1.43

Aek13 2.01 1.77 14.9 1.71 1.5110,14 0.93 0.26 30.0 0.56 0.16
15 0.91 1.40 9.3 0.83 1.27
16 3.76 0.59 50.0 1.88 0.30
17 1.08 1.22 10.8 0.96 1.10

X Series




14.0




21 1.42 1.38 10.6 1.27 1.2322 1.11 2.70 22.0 0.87 2.1123 2.16 0.15 19.0 1.75 0.1224 1.39 1.83 12.0 1.22 1.6125 1.83 0.66 45.0 1.01 0.3626 1.95 2.36 42.0 1.13 1.3727 1.74 1.12 41.0 1.03 0.66

52 Series




31.0





1.79 0.80 17.0 1.49 0.661.2 1.24 1.98 16.6 1.03 1.65

51 Series




17.0




51 3.05 1.56 22.0 2.38 1.2252 1.32 1.28 18.5 1.08 1.04
53 1.36 0.67 47.0 0.85 0.3654 2.40 1.52 30.0 1.68 1.0655 0.79 2.55 17.0 0.66 2.1256 1.70 0.33 23.0 1.31 0.25

Y Series




23.0






App.21.

Block Profile No. Area for differentthickness(m)Dilutionestimatedby

1




<3 m

2

5-20m


3

> 20 m

4

m

5

Irreqularity
H.W. F.W. W.L.

6 7 8

Total

%

9

2 x=94840 1




40




7




7




2




68




7




7




3




119




7




7




4




178




7




7




5




137




7




3 10




6




138




7




7




7




152




7




2 9




8




56




7 5




12




9 18




50




50




Sum 906






9.4

3 x=94960 1 23




50




50




2 48




50




50




3




219




7




7




4




169 5




5




5




128 5




5




7




60 5




5




Sum 657






11
x=95020 1




170




7




3 10




2




83




7




7




3




12




7




7




4




5




7




7




Sum 270






9




Av.






10

4 x=95080 1




142




7




5 12




2




39




7




5 12




3




126




7




5 12




4




256




7




5 12




5




36




7




5 12




6




150




7 8




15




Sum 749






12.6
x=95220 1




734 5




3 8




2




470 5




3 8




3




480 5




3 8




4




99 5 3




8




5




174 5




3 8




Sum 1957






8




Av.






9.3



II,




1




2 3 4 5 6 7 8 9

5 x=95080 5




5




7




5




12




6




15




7




5




12




7




170




7




5




12




8




106




7




5




12




9




175




7




5




12




10




110




7




5




12




11




67




7




5




12




12




76




7




5




12




13




114




7




5




12




14




180




7 5 5




17




15




90




7 5 5




17




16




167




7




5




12




17




167





18




lg 5




5




20




25 5




5




21




234 5




5




Sum 1955







9.1




x=95220 4





50 5




3




8




5





113 5




3




8




6





76 5




3




8




7





216 5




3




8




8





24 5




3




8




9





242 5




3




8




10





108 5




3




8




11





134 5




3




8




12





227 5




3




8




13





128 5




3




8




14





165 5




3




8




15




190




7 5 5




17




16




109




7




5




12




17




246




7 5 5




17




18




285




7




5




12




19




270




7 5 5




17




20




152




7




5




12




Sum 2735







11-'




Av.







10.2




x=94960 6





22 5





5




7





18 5





5




8





173 5





5




9




77




7 5




12




10




37




7 3




10




11




50




7





7




12




19




7





7




13




30




7 3




10




14




10




7 3




10




15




65




7 6




13




16




56 '- 7 2




9




17




105




7 2




9




19




38




7





7




Sum 700







8.3






1




2 3 4 5 6 7 8 9




x=95020 3




41




7




7




4




7




7




7




5




91




7




7




6




89




7




7




7




155




7




7




8




70




7




7




9




9




7




7




10




33




7




3




10




11




43




7




3




10




12




60




7




2




9




13




309 5




5




14




68 5




5




15




287 5




15 20




16




148 5




15 20




Sum 1410






13




Av.







11

7 x=94840 9 39




50





50




10




47




7




5




12




11




159




7




3




10




12




76




7





7




13




111




7





7




14




66




7





7




15




16




7




3




10




16




88




7





7




17




55




7





7




18




74




7




5




12




19




170




7 8




15




20




40




7




5




12




Sum 941






13.3

8 x=94840 21




23




7




3




10




22




132




7




3




10




23




47




7




5




12




24




242




7 
 3 
 5 
 15-




Sum 444






13

9 x=94960 17




8




7




15 22




18




17




7




15 22




19




32




7




15 22




20




28




7




15 22




21




81




7





7




22




27




7





7




23




23




7




10 17




24




39




7




10 17




29




92--




7




10 17




30




33




7




10 17




32




26




7




10 17




33




35




7




10 17




34




78




7




10 17




Sum 517






16






1 2 3 4 5 6 7 8 9




x=95020 16




6 5




5




17




13 5




5




18




128 5




5




19




143 5




5




20




103 5




5




21




36 5 5




10




22




50 5




5




26




50 5




5




Sum 527





5.4




Av.





10.7

10 x=95080 20




144 5 3




8




21




323 5




3




8




22 46




7 5




12




23 75




7




5




12




24 16




7 5




12




25 145




7




5




12




26




175 5





5




27




200 5





5




Sum 1124






8

11 x=95220 20 30




7




5




12




21 394




7




5




12




22 261




7




5




12




23 261




7




5




12




24




114 5




20 25




25




62 5




20 25




26




28 5




20 25




27




23 5




20 25




28




116 5




20 25




29




79 5




20 25




30




61 5




20 25




Sum 1456






16

12 x=95080 26




18 5





5




28




95 5





5




29




64 5





5




31




79 5





5




33




129 5





5




34




146 5





5




35




346 5





5




Sum 877






5

13 x=94960 35 23




50





50




36 31




7




15 22




37 33




7




15 22




38 38




7




15 22




39 12




7




15 22




40 12




7




15 22




Sum 149






34



14

15

16

17

21

1 2

x=95020 26
27
29
30

	

31 17
32
33
34
35

	

Sum 1077

Av.

x=94840 24 96

	

Sum 96

x=94840 25
28
29
32
33
34

	

Sum 332

x=94960 40 21

	

41 14

	

42 30

	

Sum 65

x=94840 33
34
35
36
37
38
39
Sum 371

B2=4 1
2
3
4
5
6
7
8
9
10
11
12
13

	

14 24
Sum 1056

3

67
103
31
103

26
37
36
32

88

21

16
23

93
38

83

62
24

4

30
103
65
26

45

75

57

110

141

56

28

61

159

79


-,116

63

77

5

7
7
7
7
50
7
7
7
7

30

7
7
5
5
5
5

50

50

50

5
5
7
7
7
7
7

5
5
5
5
5
5
5
5
5
5
5
7
7
50

3

3

3

3
3
5
5

6 7

5
5
3
3
3
3

3
3
5
5
5
5
5

3

3

3

3

5

5

8 9

7

7
7
7
50
7
7
7
7
8.6
14.9

30

30

12

12
8
8
8
8
9.3

50
50
50
50

8
8
12
12
12
12
12
10.8

8
5
8
8
8
5
5
8
8
11
8
17
17
50
10.6







2 3 4 5 6 7 8 9

22 B2=7 4




79




7 5




12




5




132




7 5




12




6




22




7 5




12




7




19




7




5




12




8




117




7




5




12




9 21




50




50




10 117




50




50




Sum 507






22

23 B2=14 19 10




50




50




20 17




50




50




21




43




7 5




12




22




78




7




5




12




Sum 148






19

24 B2=7 1




137




7




5




12




2




94




7




5




12




3




157




7




5




12




Sum 388







12

25 B2=14 1




45




7




5




12




2 40





50





50




3 22





50





50




4 8





50





50




5 47





50





50




6 17





50





50




7 12





50





50




8 12





50





50




9 30





50





50




10 29





50





50




11 43





50





50




12 6





50





50




13 7





50





50




14 20





50





50




15 9





50





50




16 4





50





50




Sum 347







45

26 B2=23 1




59




7 5




15 27




2




145




20 5 5




30




3




26




20 5 5




30




4




25




7 5




12




5




5




7 5




12




6 23





50





50




7 45





50





50




8




15




7 5




12




9




14 --.




7




5




12




10 20





50





50




11 13





50





50




12 7





50





50




13 23





50





50




14 20





50





50




Sum 438







42



OE081wnS
05OS0£9
05OSOT5
05OS0£V
LT55L06£
LT55LOTZ
LT5SLOT109£1£=XVS

L7•££TwinS
ZT5L66
05OS47L8
050505.L09ETE=4ES

	

;*81LZVwnS

	

L15SL0019

	

L1SSLOZT5

	

LI55L08V

	

05OS.OZ£

	

LT55LOSZ

	

LT5SLLSIOZVT£=ÆZS9

ZZ939wnS
31S._,LZVI9
ZT5LOVZ5
05OSTZV
OSOS83£
OSOSZTZ
OSOS£81005TE=ÆIS

	

9'9I309mns

	

0505896

	

LTg5LEL8

	

LTSSL88L

	

LTSgL069

	

LTS5L965

	

LIS5LTEV

	

ZTSL99£

	

ZTSL£5Z

	

ZTS1L£16=IRZ811.

LT09£wnS
LT55L06£
LT5SLEZTZ
LTS5LLhII3=1818

Ill
.Av

8£651mns
0£5SOZOSL
0£55OZ5T9
0£5SOZL5
0505OZh
ZI5L£ZZ
0505SVI93=38
0599£mns

OS0599£8-183=38LZ

6895






2 3 4 5 6 7 8 9

55 y=31300 5 92 7 5 5 17




6 102 7 5 5 17




7 80 7 5 5 17




8 95 7 5 5 17




Sum 369




17

56 y=31300 1 31




50




50




2 75 7 5




12




3 27




50




50




4 68 7 5




12




Sum 201




23




H.W.-Hangingwall






F.W.-Footwall






W.L.-Wastelayer

Possible dilutionlevel





Influencingfactor H.W. F.W. W.L. Thicknessof orebody





<3 m 5-20 m >20 m




Rock dilution,% 0-8 0-5 10-20 50 7 5





