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Introducticn

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 contrel ore grade and in this
way to improve the econcmy of the mine.

The Grong Gruber is mining the Joma massive sulphide deposit
situated in the north of the central Norwecian Caledonides.The
strike,dip and thickness of the orebody is variable.The minerali-
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 productien is abeut 50 kt with average grades of

1.35% cu and 1.7:0% 2Zn.



1. Rock dilutien problem

The mining methed is normally by sublevel stoping and R & P mining,

The yearly production consists of about 30 7 from development driftg,

30% from R & P systems and 40% from long hole sublevel stoping.The

Joma orebody is not regqular and has a variations in thickness,ore/

waste boundary, grades and mineral types.The orebody conditions with
irregular boundary and uneven distribution of ore grades at Grong

Gruber are major nature factors influencing the rock dilution.The ore-
body conditions,mining 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 illustrated as in fig.l.
Estimating rock dilution in Grong Gruber.

In general no direct tigures of rock dilution were available at the mine.
The data concerning the rock dilgtion calculation at Grong Gruber is
shown in App.l.Based on the data of ore reserve in situ for 1972-1987

and ore mined for corresponding time period,the rock dilution can be
estimated approximately.

According to formula presented as follows(see App.2):

d= ( a(0)-ay/a(8) 1q9 (1)

Where: d-rock dilution(grade percentage),Z,

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

a= ore grade mined,Z.
On the basis of estimating grades of produced reserves in situ for -~
1972-1986(see App.l1-1,1-2)and calculating grades of ore mined for the
same period(see App. 1-3),the rock dilution in grade percentage can
be estimated acéording to formula (1).The results of calculation are
shown in table 1.
From table 1l 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.l-4,1-5).The rock dilution
is ranged 13-147.See table 2.

..
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Table ! rock dilution estimation(1972-1986)
(1)Total ore reserves in situ
Year tonnage ore grade,Z Remark
M) Cu Zn
1972 16.424 1.27  1.70 App.1-1
1972-1987 4,500 1.40 1.58
Total 20.924 1.30 1.67
(2)Current remaining reserves
1986 14.976 1.10  1.81 App.1-2
. (3)Produced reserves in situ
1972-1988 5.948 1.80 1.32 (3)=(1)-(2)
(43)Rock dilution calculation
Ore reserves in situ Ore mined(App.1-3) Rock diluticn,Z
Tonnage Ore grade,Z Tonnage Ore grade,Z
(M) Cu Zn (Mt) Cu Zn Cu Zn
5.848 1.80 1.32 5.457 1.56 1.16 13 1z
Table 2 Rock dilution estimation(1972-1984)
Ore reserves in situ Cre mined Rock dilution,Z
Tennage Ore grade,Z% Tonnage Ore grade,?%
{(Mt) Cu zn (M) Cu Zn Cu Zn
20.924-



to

In real operating situation the rock dilution depending

on specific conditions and mining methods may vary widely,

frem 5% te 20% and more.See App.l-6,and 1-7.The variations

in rock dilution in dependence with various conditions in

planning stage are shown in table 3.

Takle 3 Roc¥ dilution variation

vear and series ore reserves In situ ore mined rock
tonnage Cu grade, % tonnage Cu— dilution
(xt) (¥xt) grade %
%

T T T T T e e e e e e L Y e e e e T R R e ke e e et = =t Mt WY R e e St o o

R A e e e e e ek e e A ek b e e e v = e e e e = e - = — = ——n ——

X-series 3522 1.55 2976 1.33 14
Y-series 392 2.19 311 1.80 13
X+Y+B1+B2 series 53¢%6 1.73 4427 1.47 15

T T M M et e e ms e e e e e o e e e v T A M M e e o = o W Y ALr M AR S it At ot — o —— o ———

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

cf general situation of rock cdilutien level at Grong Gruber.

bue to the emploﬁd mining methods with limited dilution and}ming
stability of unmined pillars and hanging wall and alsoc in -
accordance with coé&icated conditions of Joma orebody, the
estimated dilution figures can be considered realistic ang
reasonable.Based ‘0fi the above calculatioﬁ and discussion the
average dilution level at Grong Gruber should be ranged 10-

15% ,but in fﬁture it will probable be difficulty to control

rock dilution within this level owing to mining'of south-

wester thin orebody and extraction of existing pillars.



2. Numerical analysis eof rock dilution

In order to stud}mghe 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.3-1,
table 4 and £fig. 2.

Table 4 Ore grade distribution in situ

rlace Mean(a),% Stand. deviation(s) Cceff., of

variation(v]

Cu Zn Cu Zn Cu Zn %
Rlong X series 1.15 1.86 0.307 0.23 27 12
Perpendicular
X series 1.16 1.87 0.76 1.09 €5 58
Total blocks 1.17 1.76 0.76 0.70 65 40
Drill holel(C28 1.70 1.22 1.52 1.23 89 100
Drill heole 1029 0.71 1.88 0.85 1.82 119 102

Table 4 shows that the coeff. of variation of ocre grade of Joma
orebody in blocks is ranged between 40-65% and along the X serie:
have less coeff., of wvariation,i.e. 12-27% and v in drill holes
varies 100% or so.

Rccording 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 198%) is shown in
2pp-5 and fig.3.f£ shows that the coeff. of variation of ore

grade mineéd varies 23-27%.
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2.2 Influence of irregular hanging wall on dilution
The irregular part of Joma orebody has & 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 diluticon on the boundary of hanging wall

{429 BSK-1,X=95140,v=31600)

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

factor Cu Zn by grade by weilg:
Cu Zn

Without waste 28086 0.83 3.0 - - -

Including waste 28398 C.7¢6 2.86 8 5.° 5

Table 5 shows that the irregular hanging wall influences on

tion of 5-8% and leads to decrease core grade mined of

2.3 Influence of flat-dipping fcotwall on d&ilution
The Toma orebody sometimes has a plunge of 20—400 on the fooct-
wall. It is necessary to cut waste rock of footwall in order to
cutline the stoping boundary.hAn example of this influence on
diluticon 1s shown in App.7 and table 6.
Takle 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 c.01 0.07 0.03
Rock dilution, %
Cu 1.4 2.0 1.0 4.0 2.1
an - 1.4 2.0 1.0 4.0 2.1
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From table f§ it will be seen that the flat-dipping footwall
influences on diluticn of 2% and leads to decrease grade of
0.02-0.03%.
2.4 Influence of waste layer inside orebody
Iniicase 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{41& BSK)

e o . = e - i i =t e e e e e e b T eSS e = M e e em

Profile Rock dilutien,% Change in grade:
by grade by weilght %
Cu Zn Cu Zn
X-95120 16 15.86 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 lagi 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 diluticn

In case of narrow vein orebody the influence of waste mixture
on dilution is obvicus.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 Ccm.

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

Ore 12494 o.37 3 7

Wasee 1960 0 0

Ore+waste 14454 0.26 3.2 13.3 13.5

From table 8 it can be found that the dilution can be reached
to 13% and ore gféde 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 con dilution
In order to illustrate how the stoping boundary influences ¢n
dilution,the block 2/x/LH(416 BSK,x-95100) may be used as an
example.The various aiternatives of stoping boundary correspond
to different dilution.hheresults 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 &1

Altl(original) 943 1.39 2.05 D 0 0
Alt.2 815 1.54 2.17 +0Q.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.l,the original design.The example also indicates

that design of stoping boundary is essential for rock dilutien
contrel 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 distributicen of drill hocies 1487,1488 and

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

are usually distributed uneven and occasionally with high
grades in the boundary.It 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 tc illustrate how the rock diluticon is affected by

ore grade distribution three alternatives of stoping boun-

dary can be considered for instance:

Nl-Alt! with waste dilution and without ore leosses of high
grade area;

NZ2-Alt. with ore losses of hich grade arez and without waste
dilution;

N2-Alt.in between Alt. 1 and 2.

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

11 and table 10.

Table [0 Difference in ore grades for various alternatives

e T T e AR L e e e e e e Rm e e M S B PR e W = d e b e e e = v o —n a ot om . m = — im  d— —— m— — o —

Alt. Differerce in ore grades mined,%
Cu for drill holes Zn for drill holes
1487 1488 1489 ! 1487 1488 1489
M1 -0.14 -0.11 --0.09 +0.06 +0.25 -0.01
NZ 0 0 0 0 0 0
N3 -0.06 -0.04 +0.01 +0.13 +40.28 <+0.22

B e e e ot — = B MU W R bt R AE b mm o m e e A e e o - —

Table 10 shows that the Cu grade of Aalt.!1 and 3 is &

irn comparision with alt.2 in case of absence of Cu hign cgrade
area on the boundarv.On the contrary,the Zn grade of Alt. 1

3 is increased in regard teo Alt. 2 if there is Zn high grade
area on the boundary.The data in table 10 also indicates that
the 21lt.3 with increasing in Zn grade of 0.13-0.28 is nearing
to optimum than Alt.! and 2.The cptimum stoping koundary can
be outlined in each specific case of presence of high grade

area.
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3. Ecconomical 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 Relaticenship between dilution and profit

The relationship between dilution and income,ccsts and profit

in mine operaticns can be expressed by:

&
|

specific profit,Xr/t;

11,12- 4 and Zn gencgentrate value,respectively,XKr/t;
r,ir,+Cu anrd concenrtrate recoverv,part;
a,,azncu and Zn ore grade in situ,part;

gl,g?—Cu and Zn ore grade in concentrate,part;

—~ rock dilution,part;

L I -

-specific total cost,Kr/t.

According to data cf costs and price cf concentrates at
Grong Grubex shown in App. 12 and table 11,the profit is
expressed in terms cenly of ore grade and reock dilution by

substituting in Egq. (2):

0.86 c.82
P={2252=w~~= &, + 1901----—- az)(l—&)—142
0.23 0.45
=(8490 a1+3489 az)(l—d)-142 (3)
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Table 11 Data of costs and price

Operation costs

year 1988 1-8.1989
Mining,Xr/t fixed - 3o.sz2

variable - 47.29

total 67.43 78.21
Mill Kr/t 4G.32 41.72
Sum.direct Kr/t 107.76 119.93
Indirect Kr/t 34.24 38.92
Total Kr/t 142.00 158.85

Cu c¢oncentrate,Kr/t 1986
Cu+’d’ 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 cre

grades would be as fcocllows:

a1=l.4%,a2=1.3%; P=164(1-d)-142;4=0,P=22 Kr/t
al=1.6%,a2=1.4%; P=185(1-d)-142;4=0,P=43 Kr/t
a1=1.S%,a2=1.5%; P=205(1-d)~142;8=0,P=63 Kr/t
a1=2.0%a2=1.6%; P=226(1~-d4)~-142;8=0,P=84 Kr/t

From fig.5 it can be seen that how the income and profit(p)
are affected by combination of ore grade(a)and rock dilution
(d).The relationship expressed by Eq.{(2)presents following
discussing:

(i1)how will dilution and cre grade influence on income.

The income is expressed bv I=(Ilr1a1/gl+12r2a2/gz)(I—d)

Compare two cases,differing only in dilution.

Thus

I(1) 1-4(1)

I(2) 1-d({2)
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or d{il=lw ———-- T - a(2) (4)
I(2) I(2)

The changed situation is giving index 1 and the present

situaticon~index 2.

According te Eq.{4),we thus find that the inceme,I increases "~

by 3.5% in casse of reduction of diluvtion fronm lfgto 10% ,see

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

¢f 1% leads to improving income by about 1-1.35% depending

on dilution level.

l=1.5 ,a2=1.8%,the income will be:

0*1.5%+3489%1.8%) (1-10%)=171.14 Xr/t

Q*1.5%+348%*1.8%) (1-9%) =173.04 Xr/t

Example 1. Taking

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

"

This means that recuction of 1% dilution will lead to

Example Z. Taking &=10%,the income varies

ror a,=1 5%,&2:1 8% I{i})=171.14 xr/t
Es

For a,=1.353%%,&a.=1.85% I(2Y=176

P8

to increase the inceome about 5 Xr/t.

As has beer mentioned,the influence of orebodv boundarv en
éilutior may be reached to 5%.If the rock dilution would be
decreased Dy 5%,from 13%,estimated for 1972-1986,tec 8%, the

Cu ore grade mined would increase from 1.56% to 1.66%.The
cliffererce in income of Cu concentrate would be:
8450(0.0166-0.01546)=8.5 Kr

(2)How will costs be reducted with decreasing ore grade providecd
prefit is not changed.

Calculation:

For al=1.5&,a2=1.4%,d='10%,?=(8490*1.5%4-3489*1.4%) (1—10%)3;27 Kr/t
For a1=1 45%, a2=1 .35% - P=11 Kr/t

It is obvious that 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 frem 142 XKr/t to 136 XKr/t,i.e.P=153-136=17.



18

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
censtant profit level.

(3) It is considered to decrease dilution with decreasing ore
grade provided profit and costs not changed at the same time.
Calculation:

=1.5%,a

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

a2=1.35% and dilution from 10% tolﬁ%,the ;rofit will be the same.

Thus P=(8490*%1.5%+3489*1.4%) {1-10%)-142=17 Kr/t
P=(8490*1.45%+3489*1-35%) (1-6%)-142=17 Kr/t

It shows that the reduction of 0.05% ore grade is compensited

by decreasing dilution of 10% - 6%=4%,providing the profit is

not c¢hanged.

3.2 Optimum cre grade mined in planning

Ag has been discussed,the ore arade distributicn of Joma ore-

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

ore grade mined especially in case ¢f unevenness of core grade

distribution and existence of high grade area on the boundary.

The general model cof cptimum ore grade mined is shown in App.13.

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

by formula:

Where:
a-0re grade mined;%; P -

a1~High grade in situ,%; f Wa

a, Low grade in situ,%;

2
w=Stoping width,m;
L 2 w
m,n-See fig. in App.13. o
The relaticonship between ore grade mined and stéping width for

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

W Cu Zn

a2=1.5% a2=2.0% a2=2.5% a2=3.0% a2=3.5% a,
11.0 1.02 1.06 1.10 2.05 2.07 2.12
11.5 1.01 1.07 1.10 2.03 2.08 2.13
12.0 1.00 1.06 1.11 2.00 2.0¢6 2.11
12.5 - 1.03 1.09 - 2.03 2.07
13.0 - 1.00 1.0¢6 - 2.00 2.03

It should be observed that the maxinum ore gracde mined corres-
ponding optimum stoping width is increased with increasing the
unevenress 0f gracde distribution.

In order to illustrate how the stoping width actually influences
on the ore grade mined,the stoping bleck with high grade in
boundary may be used as an exanple.see App.14.The relationship
between stoping width and ore grade mined is shown in table 12
and fig.8.

Table 13 Relationship between ore grade mined and stoping

width
Steoping width,m 7 12 17 20
Zn grade mined, % 1.08 1.63 2.51(*) 2,30

In this case the optimum steping width is about 17 m correspcndirs
the maximum grade mined(*),despite the fact that the optimum
stoping boundary has more dilution by welight percentage.

3.3 Sensitivity analysis

The prefit function,formula (2) will be used for sensitivity
analysis to variables changes in order to study the influence

of various factors on the profit.
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The formula (2} may be rewritten:
] r
= * * + * * 3 EY -
P (11 ro*a, I2 r, a2)(1 d)*1000-¢C {6}
Where: )

.
Tyl

ri,al,rz,a2,d,c—ditto.

-Price of Cu and Zn ceontents respectively,Kr/kg;

The results of sensitivity analysis are shaown in table 14 and
in the spider diagram as shown in fig.2.
Table 14 Sensitivity analvsis

(I;=20 Kr/kg, I;=12 Krfkg,rl=0.87,r =0.83

2
a1=1.4%,a =1.3%,d=10%,C=142 Xr/t)

2
Influencing Calculatien formula Change in Change in
factor variables profit,%
%

________ ’ - T__—--—- LT SO
Price,Xr/kg P=(12.18%1 +10.79*1_)*0.,9-142 Ei6

“ =" +17
Ore grade,% P=(1?40ﬂa1+9960a2)*0.9-142 +10 +17
Costs,Kr/ft p=3238,77-C :10 _

+7

Dilution, % P=373.08(1-4; +10 73

B L A o e e e e e e ] e ] G e e i A PR — e - - —— m—— ——

The diagram shows that the price;I and ore grade,a,are more
sensitive as most important factors influencing the profit.
Sensitivity amalysis also shows that the influence of dilution’
on change in preofit is dependent upon the level of diluticn
i.e. the higher diluticn level the bigger change in profit at
the same change i dilution of 10%..see table 15.

Table !5 Influence of dilution level on prefit change in

dilutien th%

Dilution level,% 10 15 20 30
Change in profit,% P I3 s 7o
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3.4 Optimum model ¢f rock dilution

The complete formulation of cptimum dilution medel for specific

mine is a complicated problem.It is connected with special

experiments tc get interrelations between parameters.In crder

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:
Cm:F(d) C=Cc+Cm+Co (7)

The planning mining cost of emplggﬁ mining methods is shown

in table 16.

Table 16 Mining cost(1988)

Mining methnods Cost, XKr/ft Expected dilution,s

Development drifts

R&P system 7-11
LE¥ sublevel stoping 14-22
Total 51 10-15

{(2)To find the relationship between the concentrate recovery,r
and rcocck dilution,d:

r=F'(d) (8)
The relationship between r and a is shown in fig.10.According
to fig.10 the function of Fi(d) is expressed by:

r=% (a (l-d})ir
(3)Finally,substituting formulas (7)and (8) into formula{2)

we obtain optimum mcdel of rock dilution as follows:

.y —ay3/2, 1 —ayi/?.

P= ! kl(al(l d)? + Ekéaz(l a)? (CC+Cm+CO) (9)
9y Ep)

Where:
kl,kZ—Experimental coeff.
PJIrg;a;d,C-dittO



]
-
ittt e A Mk o e A, o A e s

b om sme et satp s e e

TR e e S ST

TR0 M R b, R 5 e

S corr e LT o

PG S e 3 e 2

~
P |
ey 1
[aed
-
e
—_ e e co—— - — -
: .
el R B R
S—— N T
%]
-
=4
5=
5
2
e~ =
LTI |
5,8
= A f
ol - Ia jo)
M [E, —
e e e S L, 2 .
% o =t o
1 LI e )
2

L TR

DAIKNIALD -



27

The relationship between P,I,C and 4 for giving example
k1=7.5, k2=6.5 is shown in table 17.
Table 17 Relationship between P,I,C and &

Il=3094 Kr/t,12=1901 Kr/t,g1=0.23,gz=0.45

=1.2%, € =36 Kx/t, C.=53 Xr/t,C =51 (d=15%)
c 0 m

1 2
d I P,Kxr/t
$ . Xr/t for increament in C Dby
25% 30% M35g
5 205 36 30 23
10 189 36 34 31
15 173 33 33 33
20 159 12 19 19

Takle 17 shows that the optimum diluticon level corresponding the
maxinmum preofit wvaries in dependence with increament in mining
cost,which is needed for reduction of dilution:

When 25% incresment in C ,optimum dilution level is 5-10%;

m

When 20% increament in Cm,optimum dilution level is 10-153%;

When 33% incresxment in Cp,optimum édilution level is 15% or sc.
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4, Rock dilution contrel

As stated abowve the rock dilution ceontrel is of more and
more importance in connecticon with production situation

at present and in future.Especially it is of great signi-
ficance in respect of mining situatien conditioned by
complixety of orebody and pillar extraction with possible
higher dilution.The production results from 1972-1988,cre
reserves data for 1986 and pillar cendition 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 orebocdy by 0.5%,i.e. more rich Cu ore was
taken for the past vears.

-The Cu grade for 1981-1988 has decreased 0.17% in compa-
rison with 1972-1980C period.

-The Cu grade of remaining reserves is beleocw the average
grade by 0.20%,and Zn grade-above averace by 0.14%,.

-Mining ¢onditions at Grong Gruber are complicated owing

to more irregular and thiner part of orebody envolved and
in connectien with difficulty of pillar extraction.

Based on above consideration and analysics in paragraph 2
and 3,the realistic appriches 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 concditions of
Toma orekody influence in many wavs on dilution level at
Grong Gruber.Summarizing the numerical analysis of dilution
caused by various cenditions of orebody the possible dilutien
level under the influences of irregularity and unevenness
of orebody are presentednifztablé®ig,

Table 18 Possible dilution level

Influencing factor. Hanging Footwall Waste Thickness Ore grac
wall layer of orebody distri-
bution

Rock dilution,% 0-8 0-5 10-20 5-50 5-15



Table 18 shows that the rock dilution cased by cemplexity
of Joma orebody varies widely in dependence with numbers

of simultaneocusly influencing factors existing in mining
block.The high dilution level cccurs 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 steoping design with
using suggested cpitimum stoping boundary will lead to decrease
rock dilution about 5%.The choice of suitable steoping boundary
in planning stage must always be adapted teo the actual mining
conditieons.
Suggested optimum model of rock dilution can be used for evalu-
ating mining alternatives and selecting stoping parameters in
planning stage.The cptimum solution of rock dilution contrel
weuld fulfill the demand of improving ore grade mined.Increasing
cre grade mined is of decisive importance for improving economy
at CGrong Gruber.Reduction of i% of rock dilution leads te
improving income by 1-1.5%,
4.2, Stabilization of ore grade
The most important operating parameters influencing ore guality
are:
-Rockx dilution ard 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 productieon

is discussed as follows:

In mine operations the fluctuation of ore grade aobviously in-
fluences the dressing results.The preduction is te ensure uni---
formity in the grades cor in the mineral properties of the ore.
In order to illustrate how the ore grade can be controlled,
the application of 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 Z-ed and
from 1 to 9 sections and 3 sections are to be blasted in
each round.See fig.1!l.Dynamic programming based on multi-
stage decision is used for selecting the optimum sequence

of sections to be blasted.The optimum seguence is chosen
subject to the ocperational constraints and grade fluectuation
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

Segquence 1 2 3 i 4 # 5 4 6

Cembination 1,2,3 4,5,6 10,11, 12 13,14,15 7,8,9 16,17,18
of sections & b PO £ U T
Deviation,3%

cua -0.34 -0.04 -0.16 0.15 -0.,22 0.61

Zn 0.20 -0.10 0.3C -0.36 0.13 -0.18
‘ Llt. No 2
Seguence 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 0.086 -0.11
Alt. No 1 alt. No 2

Sum deviation,%
Ccu 1.52 1.00

From table 19 and fig.il it can be seen that the stoping
sequence of Alt. No 2 has less grace fluctuation than Alt.
No 1.In a real operation the mining segquence with regard
to the stabilization of grades is much complex.It needs a

computer simulation.
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4.3. Mining seguence and pillar extraction

The choice of cptimum seguence at Grong Grubexr provides normal
ore production and ore quality control and also ensures the
ground centrol during stoping and pillar extraction.

Oon selection of cptimum mining sequence considerations should
be taken as follows:

~Rock mechanics study of stopings and pillars ky using computer
simulation of Displacement Discontinuity Method.See App.17.
-application of mathematical programming to determine production
plan with consideration of cre grade control.

-Impreving mining methods adapted to complicated conditions and
selecting pillar extraction methods to suit the safety and the
vlaned average grades.

During 1981-1982 vears 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 peint of view and existence of a
horizontal stresses in excess of the vertical stresses.lt
results in a stable ,selfsupporting roef.This is one of effectiv
methods of pillary extraction with high recoevery and minimun
dilutieon in proper mining and rock mechanics conditions.

The investigation of pillar condition of area B! and B2 proéfile
(see App. 16) shows that the pillars with high ore grade and
Gimensicn of 10-20 m are suiatable for extraction.The recovery
and diluticn during pillar extraction are basically dependent
upon the methods and conditicns 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 Bl and B2 the stopings in
contact with area mined cut are about 60%.It is necessary to
take suitable means to control dilution and ore losses in the

contact area.



4,4. Rock dilution for narrow vein orebody

Exanine the area of B2-19-22 (360-420 level) and Y-31220-
31400(520-580 level)shows that this part of crebody 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.18.1In a general way formulas for defining dilution

for natrow vein orebody are shown in App.19.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 stcpes.So the dilution level is determined by
stoping dimension and eguipment size.

Consider two versicns of mining narrow vein orebody:
Versien Mo l-Rpplication of larce eguipment andéd maintain
present level of mining cost lead to incease d&ilution;
Version No 2-On the contrarv,improving ocre grade will lead
to complication of mining bourndary and will limit the
aprlication of large eguipment,therefore mining cost will
ircrease.

Compare two cases,differing in dilution ané miring cost.

thus
- 1 -4 -
BRSNS Pt < Lk Lot W
T 1A —_

Pa (I,a 91,8, (1-dy) =Cy
When ?1= Pz

Cz-C1=k(dI-d2) (10
Where k=11a1+12a2

P

1,720, %2,%1%2,¢ ¢, -ditto

Version No 1 is siving index 1 and version No Z-indexr 2.
fccerding formula (10),we thus find that the cost differenc
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 reducin
rock dilution from dl to d2 and at the same time increasing

the mining cost from C, to cz,i.e. the incesmeni in costs 1
r

1
compensated by decreasing rock dilution.
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Example. Cecnsider a high grade narrow vein(BZ2-19 to B2-22,
360-420 levels) with thickness of orebedy less than 3 m.
The figqures might be:

11=9.79 Kr/t;

Iz=4.23 Kr/t;

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

C1=14O Kr/t; 1
d1=0.5(thickness of vein is 2.5 m,
stoping width is 5 w for aviable equipment).
Substituting the data vpresented above,prefit will be:
P=(9.79%0_.837*0.028+4.23*0.83%0.0147) (1-4)-C=280(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 @.£46,the cost can be
increased by 50% from 140 Kr/t to 210 Kr/t,with unchanged
profit,see line(l) and (2) from point A to B in fig.12.

Profit calculation for two versions are shown in table 20.

Tahle 20 Profit calculation

Version Cost,Xz/t Expacted dilution b=
Mining Mill indirect Sum % XKr/t

No 1 51 it 53 140 50 5

Nao 2 102 (*) 36 53 191 25 26

*—asumed cost is twice of wversicn No 1.
Table 20 sheows 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 guality
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 orebedy 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 bleocks can be predicted as
shown in App.2! and table 21.It shows that the most blocks

of X series have dilution level 10-15% c¢r so and blocks of

B2 series have average dilution of about 30%.It is observed
that the tendency of increasing dilutien is remarkeble.This
situatien 1s mainly caused by extraction of narrow veins and

complicated orebody including existance of waste layver.

In order to control dilution for further production,the impre
vements In mining methods can be sucggested as follows(see fig.
13):

-¥Mining method with mirnimum dilution by means of separaticn

cf ore f£rom waste or application of small equipment for narrow

(&]
0,

vein orebody with high grade;

ng two-stage to be blasted in LE

i

=

ivid

o)

-Selecting mining by

+

8]

3

ore types and separating

oot
[ts}
0
h
)
o
=
-
s}
=
w

sutblevel stoping for mi
waste laver:

-Stoping with ocre mucking by means cof blasting forces for flat-

Zipping orebody;

n
-Pillar mining in .cotact with filling massive for complicated
rock mechanics conditions;

-Stoping with closer distance between holes for changeable

forms of corebodyv.
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TableZlEstimatiom of rock dilution at_Grang Grutber  _ oo
Block Ore grade in situ,Z Rock dilution,¥ Ore grade planned,Z
Cu Zn 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
3 0.56 1.61 10.2 .50 1.45
6 0.81 2.97 11.0 0.72 2,684
7 1.71 2.03 12,3 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 C.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 0.83 0.25 30.0 0.56 0.16
15 0.41 1.40 9.3 0.83 1.27
16 3.76 0.59 50.0 1.88 G.30
17 1.08 1.22 10.8 4.%6 1.10
X Series 14.0
21 1.42 1.38 10.6 1.27 1.23
22 1.11 2.70 22.0 G.87 2.11
23 2.16 .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 0.36
26 1.65 2.36 472.0 1.13 1.37
27 1.74 1.12 41.0 1.03 0.66
B2 SPries 31.0
81 1.79 0.80 17.0 1.49 0.66
82 1.24 1.98 16.6 1.03 1.65
El Series i7.0
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
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‘Stoping with ore mucking by means of blasting forces

|
!
L

ke
SRR
N

R %]

‘Stoping with closar distance between holes
- S thws |

- o

o ,
‘Pillar mining in totact with £illing massive

Fig.13 Scheme of variants of mining method
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Conclusion

The rock dilution in Grong Gruber for long time period from starting up to
now averages about 10-157 and has tendency of increase in it due to complexity
of mining conditions in the coming years.The major nature factors influencing
the rock dilutien in the mine are irregularity and unevenness of the orebody,
which influence on dilution level to considerable extent(5-20% and more).
Economical analysis shows that decreasing rock dilution and increasing ore
grade mined are of decisive importance for improving the eccnomy at Grong
Gruber.Reduction of dilution of 17 leads to improve the income by 1-1.5%,

that is about 2 Kr/t under existing circumstances of the mine.Numer&cal
analysis also shows that it could be possible to decrease the dilution by

52 in planning stage using optimum model of dilution for complicated condi-
tions of Joma orebody.

The suggested optimum stoping design,modelling with grade control,dilution
control for narrow vein orebody,improvement in mining metheds and application
of stoping technology with limited dilution are realistic approches to control
rock dilution and to get better economy during further production at Grong

Gruber.
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Avp.1-1 g
JOMATOREKOMSTEN
histerisk oversikt: )

N fl T mill, - in situ produserbare
e . - - - tonn - -~ gehalter. - gehalter

‘ merkn.,  ramalm Z Cu 4 _Zn Z_Cu 7% _Zn

Sum forekomst 1072 1) 16,424 1,27 1,70
Utbrutt malm:
produsert i perioden
sept. 72 - mai 87 2) 5,7 (1,79) (1,42) 1,58 1,24
Tilleggsmalm:
pavist i perioden
sept., 72 - mai 87 3) 4,5 1,40 1,58
Sum forekomst mai 1987 5) 15,224 1,13 1,79 (0,98) (1,56)
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MALMBEREGNING 1986
% IN SITU TONNASJE
%_erdde ~Tonn 70U _— F7n — %S
§.§B1 1060438 | 1.30 — 1.38 - 3.0

2217259

1.65

= 1.14 — 32.4

% 11076338 | 0.93 — 2.01 — 40.0
v 521643 1.85 — 1.50 — 29.5
& ic 14975678 110 ~ 1.81 — 38.1
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App.1-4

MALMBEREGNING 1985

IN SITU TONNASJE

Sted Tonn Cu—7n {Tonn Cu | Tenn Zn

e . Bl 1060435 | 1.30 -~ 1.38| 13788 | . 14834
52 2338741 188 — 1.141 39291 78882

Y 1117928354 | 0.98 -- 2.001 112573 | 234527
| .

Y 8352729 1,01 — 1.291 10223 8476

- Totalt] 18880762 | 1.12 — 1.80] 178873 282289

ey |

29.05.85 LBL
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App.1-5
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Az Cu Zr Tornn
, 1972 1,43 0,96 Z76.000
. 1ev3’ i,61 0.7 208 _co00
(ﬁ”"1§74 y 1,56 0,99 Z88.000
‘i; 1975 1,95 1,14 . 340.000
1976 2,06 0,97 341.000

1977 1,52 1.16 352.000
1978 1,54 1,15 360.000
1970t 1,37 L,07 36s8.0c0
- 1080 L.52 1,00- 396 .000
r1o81° 1,60 1,03 402 .000
1os2 1,57 1,14 425 .000
1983 1,48 1,15 482.0C0
1984 1,38 1,42 296.000
| sum 1fit525 '7:1:163__4h525-ooo




App.1-6
{1)0re reserves in planning for 1582Z2-1985
Yeax Ore reserves(plan) Ore mined rock dilution,

Tennage,kt Cu grade Tonnage Cu grade

% kt %

1982 400 1.67 425 1.58 5.4
1983 480 1.586 483 1.48 5.1
1284 480 1.45 396 1.38 4.8
1985 484 1.34 443 1.30 3.0
1982-1985 1844 1.50 1747 1.44 4.0

e e e e e e e e e et e A o — = e ———— At —— S A e e A Al M T e e e v e et A e —

Major production blocks Ore reserves
Tonnage, Xt Cu grade,%

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

£3,54,55,56,61,81,82. 5670 1.83

Yeaxr Qre nined
Tonnage,kt Cu grade,?

1972-1984 4525 1.59
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_.._..._.._.___._...._..____._.,._._.___.-._.-._..._..—-_—-_____.______._._........_._...-._—-..._._.——_-

Ore reserves in situ Ore to be mined a,%
Tonnage,kt Cu grade, % Tonrage,kt Cu grade,$%

X series
A 1011 1.61 1011 1.34 17
B 1775 1.50 1775 1.23 18
c 604 1.26 o8 1.84 -48
D 132 3.20 92 2.72 15
Sum 3522 1.85 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 6
Sum 392 2.19 311 1.80 18
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App.

QORE QUALITY' AND ITS DISTRIBUTION

1. Difinatiaon

In practice,rock dilution is a mining parameter useful for

evaluating the ore guality and efficiency of a giving mine
situation.aAccording to different mining situations rock
diluticon is defined as follows:
(l)Rock dilution is defined as welght percentage
é.=9/Q
1 1
(1)

d2=q/Q'

This is a direc: method used in cases where it 1s possible

to directly measure the weight.

grade percentage.

(2) Rock dilucion is defined as
d.=a_. -ala
i 0 0
(23
d.=a_ —a/a
2 0
i ig a inderect method for estimatiang rock dilution emploed
in most mining situations.
(3] Rock d@iluticn is defined as valume or thickness percenta
d1=mum0/m
- (3}
d_=m-m_/m
2 0" 2
I+ is alsao a direect method for estimating rock dilvtion used
in in situation of narrow vein mining.
Where:
dﬂ,dz— Rock dilutiom, %,
= Tonnage of waste rock,t,
o- Tonnage of ore mined, i.e. ore+rock,t,
ao— Ore grade of the mineable ore reserves, %,
a- Grade of ore mined,%,
m- Stoning thickness,nm,
mo- Thickness of narrow vein,mn.

Q'-Real ore present in Q,%t.

can be shewn that formulas are eguivalent.

(1) and (2)

It

d=ao—a/a0=aO-Q'aO/Qfa6=l"Q'/Q=Q/Q

-

g

a.




.. ORE QUALITY CONTROL PARAMETERS

The nost widely usad ore qdality control parameters are metal
recovery,ore recovery,rock diluticn and ore quality Index
useful for evaluating the economy and efficiency of mine opera-,
tions. These parameters are defined as follows:

M= 0.2/0,.a, ‘ o 4]
R = 0/9, - (s
d=ag~a/a; or d= ag-a /’aa-a; C T (8)
T = ala, ‘ : BNES

Where:

M-Metal recoveryv,%,

R-Ore recovery,s,

d—~-Rcck dilution,s,

I-0Ore aguality Index,$s, ) .
C-Tonnage of ore mined,*,

QOFTonnage 0f ore reserves in situ,t,

a-Average grade of ore mined,$,

aO—Average grade of ore reserves in situ,s,

a'=Average grade of waste rock,%.

Ore guality index,X,eguals l-d,indicating the ratio between

metal recoverxy and ore recovery,I=M/R,can be considered as

a rarameter reflecting the difference hetween in situ grade

and mined grade. ’ . et T srmpr

As discussed apove,the rock dilution ls expressed py

dfaoua/ao,or d=ao—a/a,thus we getbt:
I=1-4 ) (8)
I=1/1+4d

In the situation when the grade of rxock,a' is not zero,
the rock diluticn c¢an be calculated from following
formulas:
d=a_-a/a_-~a'
g 0 . (9)
=a,~-a/a-a'.
d a, 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:

T = lu(l—a'/ao)ﬂd. _ﬂlO)



FPlace Ore grade(a),$% (a—a)2
cu Zn Cu Zn
BSK 429 ,BSK 416 x=95120 1.16 1.87 6.32 13.06

Cu: 32=6.32/11=D.57, §=0.76, v=0.76/1.16=65%;
Zn: 52=13.06/11=1.19, =1,09,v=1.09/1.87=58%.
BSK 429 BSK 416 x=95080~
95160 1.15 1.86 0.85 0.48
Cu: 52=O.85f9=0.09,s=D.3O?,v=0.307/1.15=27%;
Zn: 52=0.48/9=G.05,5=0.23,v=0.23/1.86=12%.
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BLOCK POTOW o Cuk Indk | SE 114
1
Pt ot 000 000 0.0
POSTROSS ! .0 . 0.0 0.00 0.0
LORT 1 il0 J0.00 0.00 0,0
1 UDEF. ! 2153 - 0,63 L4 0.0
1S ! 256153 - 0.63 LA6 0.0
2 U P07 0,00 0.0 0,0
2 STRISS ! T 0 TT0.00 0,00 0.0
2 0BT ! 0. 0.00 0,00 0.0
2 UBEF, ! 7134 TU0.85 L3 0.0
2 S ! 76I3M - 0.85 1.2 0.0
3 U ! 0" 0.00 0.00 0.0
3 STROSS ! 0 - 0,00 0.00 0.0
3 CRT ¢ 0 000 0.0 0.0
3OUDF, ! oem5i .28 3.35 0.0
3o8M ! 233 0.23 33 0.0
4 14 ! 0 0,00 0.00 0.0
4 STROSS ! 0 000 000 0.0
§ oar ! 0 000 6.0 0.0
§ LTEF, 12034797 .0.33 .02 0.0
4 SH 12034797 0.3 2,02 0.0
5 LY ' 0000 0,00 0.0
5 STROSS ! 0. 0.00 00O 0.0
S ORT 10 .0 0,00 0.00 0.0
I OUBEF., 2080006 0.8% 234 0.0
ST EM ) 202005 0.4 224 0.0
& LY ! 0 0.00 0.00 0.0
& 57085 ! 0, 0.00 0.00 0.0
b CRT ! 0 000 0.00 70,0
6 UIEF. ! B22WS T 0.5 63 0.0
6 SM ! BEMY 055 303 0.0
7 LK ! 0 0,00 ¢.00 0.0
7 8785 ! 0 0.00.0.50 0.9
7 oRT ! 0 0.00/0.00 0.0
7 UDEF. ! 6A275 < L6l 2,07 T 0.0
<7 B¥ ) BM275 Ll 2,07 .0
T 0 0.0 0,00 0.0
8 STRISS ! S0 0,00 0.00 0.0
8 C’T ! 0000 0.0 0.0
8 UDEFF. ¢ 253m3 424 079 0.0
8 Sl oSI98 324 073 0.0
9 4 ! 0 0.00 .30 0.0
9 S7R0SS ! 0 0.00 0.00 0.0
9 LAT ¢ 0 GO0 0.00 0.0
§ UNF. ! 538737 L3 L.39 0.0
9 SM ) 598737 1,53 L33 0.0
0wt 0 0.00 0.00 0.0
10 STROSS ! 0 0.00 0.00 0.0
10 ORT ¢ 0 0.09 0.00 0.0
10 - UDEF. ! 741085 0.83 2,37 0.0
10 SN ! TAI085 . 0.83 237 0.0
1w 0 0.00 0.00 0.0
11 STRSS ! 0 0.00 0.00 0.0
Il CRT ! 0 0.00 0.00 0.0
i1 UDFF, ! 388999 0,73 1.63 0.0
IS ! 388999 - 0,73 L.63 0.0
12 LKW 0 0.00 0.00 0.0
12 STA0SS ! 0 0.00 0.00 0,0
2 cRT ! 0 0.00 0.00 0.0
12 UDEF, ) 354186 1,10 204 0.0
12 s ! S48 110 204 0.0
13 Lk 0 0,00 0.00 0.0
13 STRESS ! 9 0.00 0.00 0.0
13 0RT ! 0 0,00 0.00 0.0
13 UDEF, 1 148005 215 L.b4 0.0
13 S ! 143003 215 Lbd 0.0

SUDUURKBEERL

LH
STROSS
ORT

STROSS
ORT

LH
STROSS
ORT
UDEF,

LR
STROSS
ORT

STROSS
CRT

]
141087
141c87

¢

¢

0
c64032
264032
.0

9

0
433924
£ 33524
0

0

0
3884%5
284S
0

0

]
202853
203858
0

0

0
368980
383980
0

0

0
191922
131922

171257
17157

=N
5999

000 0.0 4005 1y 0 0.00 0.00 0.0
90,00 0,00 70,0 154 gregss 0 0.00 0.00 0.0
1000 0.90,.0.0 {55 ogr 0 0.00 0.00 0.0
LB 049 00 L5y weR, v g7 166 116 0.0 1
L LE7 0,49 0.0 sy s 1 g7a5 LEs L1 6.0
000 0,00 00! 55 1y 0 0.00 0.00 0,0
F0.00 0,00 0,01 55 STROSS ¢ ¢ 000 0.00 0.0

0.00 0,00 0.0!' 55 gar ! 0 000 0.00 0.0
072 0.98 0.0 S5 UTER, ! A% 111 197 0.0 1)
0.72 058 0.0 ''s5 st U 8348 111 .97 0.0
000 0,00 00! =g |y 0 000 0.00 0.0l
S 000 000 00!z epRess 0 0,00 0.00 0,01
~0.00 0.0 0.0 55 ppr 0 600 0.00 0.0
BT LB GOt s e, o amtsa 249 0.3 0.0 1
L6 LB 0.0 55 a0 agie 248 0.3 0.0
L 000 0.0 0.0 gr 1y ! 0 0,00 0.00 0.0
000 0.0 0.0 gy erpocs 0 000 0.00 0.01!
000 0,00 001!y gar 0 0.00 0,00 0.0
el LR 0.0 by er, 1 b10000 210 0,80 0.9 1
CREU LB 00 el ey v 610000 2,10 0.80 0.0 ¢

0.0 0.00 0.0!1gy 1y 0 000 0.00 0.0
P 0.00 0,00 . 0.0t ¢ gregss 0 0.00 0.00 0.0
000 0,00 0.0 g par 0 000 0.00 0,0
Sl LAY 0.0 Py wmer, v gsi783 1.8 148 0.0 ¢
A A3 LIS 0.0 Hey gy 1 gsi7ea 128 168 0.0 !
10,00 0,00 . 0.0 Hea 1y 0 0,00 0.00 0.0 1
5 0.00 0,00 - 0.0 Ve grones 0 0.00 0.63 0.0
L 000 0.00.00.0 Py par 0 000 000 0.0
129 2095 0.0 Per umer, 1 495599 145 0.8 0.0 3
S LEVROS 00 1a gx 1 45999 145 coa 0.6 1)
T 0.00 0.0 : th
0,00 0,00 00! g HE07765 14T 175 0.9 Y]

0,00 0.0 0.0~ =3 i

1.69 .28 0.0 '

1L.59 1,28 0.0 1

0.00 0.00 0.0 1

0.00 0,60 0,0 1! App.3-1

0,00 0.00 0,0 1]

147 10,41 0,0 1

Y147 1,41 70,01 Coeff. variaton:

0.0 0.00 0.0t . ?.1g 26/32=0.57

0.00 0.CO G0t 4=0.76

0.00 0.00 0.0 v=0.76/1.17=65%
T2 075 0.0 5

2.2 0.75 0.0 Zn- s =15.76/32=0.49

0,60 0,00 0,0 ! s=0.70

0,00 0.00 0.0 v=0.70/1.76=40%

0.00 0.00 0,01

2.45 15§ 0,0 !

243 159 0.0 !

0.00 0.00 0,01

0.00 0.00 0,01

0,09 6,00 0.0 !

1,97 1,65 0.0

1.57 1,05 0.0

0.00 0.00 0.0!

0,00 0,00 0.0 1

0.00 0,00 0.0t

1.87 1,88 0,0

1.87 .88 0.0 !

0.00 0.00 0.0

0.00 0,00 00!

0,00 0,00 0.0

200 L% 001

201 1.3 0.0

0.00 0.00 .01

0.00 0,00 0.0 !

0.00 0.00 0.0 !

1L.B4 1,38 00!

L84 L3 00!



o

App.3-2

BORHULL NR.1028

FIL NR.

2.00
2.00
2.00
2.00
2.20
1.80
2.00
2.00
2.00
2.00

80

3159%4.8

2.25
1.59
1.56
1.38

5.00

0.30

2= 434,92
%Zn Sp.v.
2,51 4,65
0.73 4,60
.33 4.52
1.15 4.28
C.z27 4,53
2.9¢6 4.45
4.15 ¢.47
C.41 3.25
0.61 4,23
0.55 4.43
0.92 4,31
0.64 4,23
0.76 4.63
0.89 £.40
G.24 4.33
1.22 4.32
3.39 4.21
3.99 4.35
3.74 4.03
3;75 4.22

RETH.=+35/300

V.M,
9.30

9.20

8.70
5.04

19.63

5 .
€ =32.17/14=2.30,8=1.52,v=1,52/1,70=89%;

A= 95139.4
LENGLCE
1 0.00 - 2.00
p 2.00 - 4.00
3 4.00 - .00
4 6.00 - .00
5 8.00 - 10.00
& 10.00 - 12.00
7 12,00 - 14.20
8 1a.20 -~ 16.00
9 16.00 -- 18.00
10 18.060 - 20.00
1% 20.09 - 22.00
12 22.00 - 24.00
13 24.00 - 26.00
14 26.00 - 27.00
15 21.00 - 28.52
SuUM
GJ.SH.
le 33.60 - 35.00
17 35.00 - 37.00
18 37.00 - 38.25
SUM
GJ. 5.
Cu:
Zn:

52=21.43/14=1.53,5:1.23,v=1.23/1.22=100%.

Cu., u.
11.81
18.03
16.63
8.90
1.5%0
2.76

T.487

22.00
33.24

209.61

in.

23.

6
2

wn

o

149.

19.
34,
18.

73.

u.

34

.72
.98
.84

.45

96
71
84

53



BCRHULL #R.1029
= 95139.6
LENGDE
1 0.00 = 2.00
2 2.00 - 4.00
3 4.0Q0 - 6.00
4 6.00 - 8.60
5 6.00 - 9.57
6 9.57 - 12.80
7 10.80 - 12.00
8 12.00 - 14.00
9 14.006 ~ 15.00
10 16.00 - 18,00
11 18.06 -~ 20.¢00
12 20.00 22.00
13 22,00 - 24.00
14 24.00 - 26.00
15 26.00 - 28.00
16 28.00 - 30.00
17 30.00 - 3z.00
18 32.00 - 34,00
19 34.00 - 36.00
20 36.00 - 38.00
21 38.00 - 4¢.00
22 40.00 - 41.21
23 41.21 - 42,72
24 42.72 - 44.00
25 44.00 - 45.93
SUM
GJ. SN,

Cu:

Zn:

s2

£IL NR.

Y=

2.00
2.00

2.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00

2,00

1.93
45,93

=3.69

81

31594.8

0.00
0.54
0.41

0.30

0.71

z= 433.86
$Zn  Sp.v.
4.47  4.60
1.50  4.58
6.35 4.53
0.36 4,53
0.90  4.49
0.00 2.70
2.27 4.39
2.55 4,53
5.11 4,68
2.64  4.70
2.10  4.55
0.09 4.32
0.3 4.47
0.12 4.47
0.05  4.47
0.458  4.39
0.41  4.490
5.49  4.57
6.57  4.45
0.87  4.83
2.65  4.63
3.39  4.46
1.16 3.53
1.05  4.12
0.28  4.33
1.88  4.43

s2=17.28/24=0.72,s=0.85,v=119%;

s=1.92,v=102%.

RETWN.=+18/300

V.M. Cu.u. in,u,

9.20 4.23 41,12

8.94 1.43 1.07

8.94 1.43 .45

5.27 18.09 5.54
8.36 13.20 2,34

203.50 143.75 383.12



. DISTRIZUTION OF ORZ QUALITY
o ' _Ainsitu
The ore quality of depesitsvIni Gost cases is usually

distributed uneven., The degree of unevenness of distri-

bution can be evaluated by expression:

1006~
Veeranea ,%
- ; F3 .
or V=100 f-__ Bmax T %ain - ,meE _-8min 1
—_ ff- 8 - " " 2 -
o
Where: o ' ' -

© Ve Coefficient of variation; s
G-.Standsrd deviation;

and oin, value. resgeciively.,

832, oy 8gi ™ REAR,mEX,

According o variation ratio the degree of unevenness af

- v ern

R

distribution ig classified in following three ranks:

Carresponding V valiues

Rankirg
' ' TR
1, Uniform distributien . V<220 &; .-

‘Z.Gradatienal distribution V=20-100 "%;

3. Erratic distribution . V100 %,




L

pas< 1/7
pp- B5. Ca S
Meeoy. Retou.
+ +
MND DATO TONV CURG ZNPG CUKONSCU CUKONSZIN INKONSCU ZNHMONSIN AVGCU AVGIN CUUTY  ZNUTY
1772 0.395 i

Afm?!’ ?a R

(&)

4 1 2.66 24,52 3.08 Q.20 S51.80 0.15 0,35 84.50 84.05
4 = 1706 1.01 2.66 o5, 00 3. 76 0. 16 S3.60 (14 0.42 86.54 B0.45
4 3 1725 1.06 2,350 o3, 48 3.08 0. 20 S3.20 0014 9,43 87.10 78.32
4 4 1803 1,27 1.57 22,16 2. 80 0. 22 SZ, 20 Goi4 0037 83.41 66,33
4 S 1838 1.50 1.54 =1.28 2. 40 0.z 91.40 0.1 ©€.20 83,92 78,286
4 & 1371 1.34 1.8% 18.68 3. 60 0. 20 Sl.40 Q.17 0,32 88.06 71.5%
4 7 1804 1.03 2,34 2L, 20 3. 04 0.1 SO.40 0 0.20 Q.48 81,63 75.78
4 6 1801 [.04 2.0 wl. 1l 2. 48 0.18 54,00 0.18 0.3% 83.40 80.04
4 3 1818 1,00 1.83 cc. 12 .76 0. 16 S4.20 0.1i6 0,36 84.561 75.81
4 10 1797 1,11 1,83 oF. 48 1.92 0. 15 S4,20 0017 0039 85,25 7LL71
4 11 1784 1.36 1.65 S, D 1, &8 G. 18 S4.80 0,13 0.34 §5.&£35 7V8.08
4 12 1787 1.36 1.30 SO 1.32 0.23 o440 0.2 0S5 84,861 74,75
4 15 18335 1.1 1,76 - &. 96 Q.18 =3.80 0.17 ©0.&7 82,736 8, 42
4 14 1835 1.35 1.53 2. 40 3.3 0, 16 55,26 0,17 O.326 BB.03 T2.B65
4 15 1814 1.40 1.275 2. 51 2. ot Q. 20 6. 40 0.2 0,29 §5.31 &9.5%2
4 i 1800 1.28 1,47 cl. 63 =T 0. S4.60 0,17 0.27 B87.34 74.72
4 17 1737 1,37 1.&82 2. 70 3. 10 Q.17 S4.60 0,15 0,86 88.80 74.76
4 18 1746 1.41 1.73 C4, Q0 .23 0. 16 SZ.900 0,13 0020 83.90 85,18
4 19 1820 1.86 1,45 Z2, 44 2. 78 0. 16 od. 40 0,13 0033 30.58 S 37
4 cQ 1673 1.1% 1.94 2. 86 .61 .18 3. 00 0016 0.41 86.14 72.53
4 Sl 1243 0,886 2,13 cl.32 3.68 0. 15 S3.00 0,17 Q.34 §0.78 73.77
4 o2 1738 1,13 1,73 &2. 52 2. 72 0. 14 24,00 0,13 0.31 84,00 76,85
4 £33 1676 L. 31 1,87 2. 56 2.00 Q.21 S3.20 0,21 ©.37 84.76 B8l.42
4 24 1763 1.70 1.38 o3, 08 1.5 0,19 wE. 80 0,20 0,36 85.02 88,33
4 o 1622 1.24 1.83 gl. 12 1.&8 0,27 ©3.60 Q.25 0,27 80,75 2. 01
4 Z6 1682 0,82 2.08 =8 P 3.C4 0. 153 S4.20 Q.20 O, 34 T6.35 80,11
4 27 1647 0.93 1.8%5 Z1.a0 OS2 C. 17 <3.80 0,16 Q.29 83.38 78.50Q
4 &8 1723 0.88 2,72 2. 04 = Q0 CGa 13 SE.80 0 Q.17 0.36 81.30 81.77
4 29 1717 €. 86 2.6& Z3. 12 4.8 G113 34,20 C.18 0.30 79,84 84,75
4 30 1691 0,53 2.3z £3. B4 3.08 0. 16 85,20 020 Q.42 79.30 78.55

cu: 52=2.9l/29:O.1O,S=O.32,v:0.32f1.18=27%;
Zn: 5225.8/29=0.20,s=O.45,v=O.45/1.91=23%.



Place No
4729 BSKI1
x-95140,y-31600
without waste 5
6+61
-
Sum

Including waste 5

A

5

11
122
188
321

11

12
110
188

Tonnage

(t)

900
10492
166240
28086

900
672

9460

16694
€72
28398

Ore grade,%

Cu

.46
.73
.28
.83
.48

.73
.28

Zn

.82
.66
.00
.00
.82

O W N D ;M W W D

Zpp. 7
2/x/LE
x=-95100, a
b
x-95120 a
b

®x-95140 a

x-95160 a
b

a-stoping boundary

b-boundary of orebocdy

76928
75752
73743
72231
61614
60998
62815
€0463

—

. 39
LAl
.01
.03
.89
.90
.98
.02

2.05
2.08
1.42
1.45
1.26
.27

—

1.8¢e

App.8
%x-95120 1-7
et

5 +6
Sum

®x-95100 1-5
W
Sun

x-9508¢ 1-86
W



App.6

£aY

%09 lio-122.— 4,3

910 h2z&-191 — 437

Ayl 0.68-353— 4,23

Q12 eH6=E.82-Y.09 & .
\028 170122 -4,%2 f030 -5 ~4.02.
(029 o= 1,58= 443 o

1600

g0




\
L]
40
¥-a5100




&
2
us
o

¥




‘1Yo

o

y-85100




1525 '

x-85
EOOBO



o o v Ty —— — —— S - — — - - — T — ——————— T A Ga  — mt i S —

Place Tonnage, t Ore grade;%
Cu Zn
520,v-31760 2-4 12494 0.3 3.7
W 1960 0 0
Sum 14454 0.26 3.2
App.10

BSK429,x-95100

Alt.Nel. 7,8,9,10,11,12,13 76927 1.39 2.05
altc.ilez. 7,8,9,10,13 69003 1.54 2.17
Alt.Ne3. 7-13,14,15 92677 1.37 2.10

% L Area Gre grade mined$%?
a a wvaste Cu Zn

Drill 1487 (a =1.4-2.1%,a =0.92-5.05)

fole
1 31.97 2.77 2.77 1.26 2.1¢6
2 31.97 .0 = 0 i 1.40 2.10
3 31.97 2.08 D.69 1.34 2.23

1 it

Qg;;l 1488(a =1.65-2.09%,a =0.9-9.63%)
1 25.35 1.29 1.29 1.54 2.34
2 25.35 O C 1.65 2.09
3 25.35 1.04 0.25 1.61 2.37

pr‘ll 1489 (a =0.76-1.73%,a =0.97-3.40%)

AOIE
1 15 3.9 3.9 Q.67 1.72
2 15 0 0 0.76 1.73
3 15 3.2 0.7 0.77 ' 1.95

vt = = e P = et = =t e vt - e = = n i - = = v = T AN b e e et S e s —



App.9

oﬂm_..m_| -

560
540
S52¢

o7glLE e e S

Bh 17¢3

792

. OZ08LEmemmrmres e F T * SN

Bi

008LEr~— e =

\\

} | e T R W ST £ et by e yery T g i el g ..ln\.b.‘ﬁllﬂ s .y ssae |

ao/wzéﬁ/

h N

Bh 17

Pard

. CBLLE

pd

—
9 —
g
—

o
Lta )
g
-
m

I
iy

. -y

3
Bh 134
—_—
/
2
-
-
Bh 1344

Bh 1790

/

Bh 1345

s N /
-
&~
T T A R R Ghi R i i 1y [ T AR RIS e s T AT e
2 — e 4 gl . - . 5. - vTE DT = A T t3 v T o0 . sl e T



Q7 oM-249-4,27 h
A% o84-2421~4T]
]19 169-2,30-4,3¢
Q20 0%0-288~-ko8
a2l 0282423462

Q220 1o- 084~3,24/0,20-204= 3,85



Wﬁ
Com hiebin flat

e — App.lZ. /QG /Q
PLAN 1989 BRONG GRUBER R/9 TALLENE KNYTTET OPP MOT REGNEARK Jr 7," 2/2
KONTRAKT BUDSJIETT 89 0GB SIR
HALHSVERD I /PRODUKSIONSKIST
Kr/tonn Kr/kp S
Cll Mztailinrhold i konsentrat 230
Bruttoverdi 1000 kg kons. 2094 13,45 100
Fradrag smelteverk 855 3,72 27,63
Cif-verdi Buy 2239 9,73 72,33
Sir 252 1,10 8,16
Verdi ab Joma Cu-innhold _._ 1388 8,64 B84, 19
Valug Comtdnt .
jafe] Bruttoverdi 313 1,38 100
Fradrag smelteverk 47 Lo 15,00
Cif-verdi 265 1,15 8s, 00
Sip 0 Q Q
Verdi ab Jema Cu-innhold ___ZER 1,15 85,00
7
'._1,.} + A3 Verdi ab Joma oese 9,79
ZN Metallinrhold i konsentrat 45
Bruttoverdi 1000 kp kons. 3516 7,81 100
Fradrag sacliteverk 1At e n i3 L0 12
Cif-verdi 2105 4,68 o2, 83
Sin 204 DR, - et~ 020,
Verdi ab Joma Zn~invhold 190 S B4 54,08
REMALM 1 cu ZN A3 gr.
PAGRMNG TONN . _ 525000 1. 40 1.73
UTVINNING A4 SV - - 100/ SRS - /=% =1 S
BESCTONN oy mETEMG 6373 7500 ¢
HONSENTRAY %~ o 24 33 .
KONSENTRAT o 77 — o 26583 1415
Als /7" aram pr. 1 tovn konsentrat 200
L_4TALL KG 85 5311
HALMYERDT ¢
cu: D33#D11/C31%10C0 DVS. B373%8,64/525000%1000 104,83
ARG: F37+DI8/C31#1000 DVS, S5311#1.15/525000%1000 11,68
IN: E33¥D28/C31#1000 DVS, 7500%4, 23/525000%1000 ___ 50,36
MALMVERDI _ 176,87 _

TOTAL PRODUKBJICNSKGET JOmMA

FORTJENESTE PR. TONN RAMALM
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Uptimization 'of ore grade mined in planning

As disqussed im i]that.the.boundary condition and unevenness
f of ore grade distribution influence on rock dilution.It
should be possible to give a mathematical interpretation of
relationship betwesen mining boundary,rock/waste contact and
ore grade distribution.S5uch an analvsis would became a useful
tool when estimating the optimum ore grade mined in planning
stage.
From the geometry of rock/waste contact and ore grade distri-—
bution the ore grade in situ and ore grade mined for certain
mining boundary/—~—= "' _""" ,The relationship can be derived,
based cn feollowing expressions:

i

[ formn 1y £y

mEhXka (1) -rna¥hia(l) /2 m¥a(l)+nxa (2 /2
f{ B (D) S e e (4)
. : mxh+nkh /2 m+n/ 2 ’
i - mEnxa (1) +{1kh-1E1%1/2%n) A7) mka (1) +1%a(2) 1 %1 ka (2)/2%n
ELT T e e e e e e e e e e e e e et e e e T e e e e e e e e e e 4 S et e e s e e A s e e o e s (S;

E Y e (&)

Where:
a()-0Ore grade in situ,¥:
&—0re grade mined for giving mining boundary, %
w=Width of mining area,m.

tfunid

. . . kS

. The maximum ore arade mined with respect to mining boundary
1 may be obtained by equating the partial derivative,dasdl,
of Eqg.(3) to zerao: .

.. -.
B
LAY

"~

-2
(mxa (1) +1%a(2)—a(2) X1 /Z¢n) — (m+1) (a(2)~a (2) ¥1/n)

—_—— B T o o e e e e e e e e e e e e vt T et L ol e e o e U i e e e P Y e e o e

Fo%e
o
bl

dl i 2
i (m+1)
= da
—————— =} . .
¥ dl 2 ¥

(m¥a (1) +a(2)k1~a(2)%x1/2%n) —(m+1) (a(2)~a(2) %x1/n)=0

[ 3.3

or Nt eat RN
~

2. -
—a(2)*l/2*n~m*a(2)*1/n+m¥(a(2)-a(1))=0,

85T

Solving for l.the optimum mining boundarv l1-opt..is:

2¥n a(l) )
l—opt.=mk ((1+———— (§o= ———mm y)—1) (7)

ln‘ '..' 1

b
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and:tha cptimum width of mining boundary w—opt.

Substituting Eq.(7) in Eq. (5),the maximum ore grade mined
a=max.,can he calculated 4rom: ‘

i al) 1
a—max.=a(2)*<1+———")—(a(2:-a(1)+u—-f?)x ___________________
n/m 2n/ATT 2a ali)y
(14—m— (1= ) )

m at{d
al{z) - .. Zn al1l) i
TS S — (1= —mmmem )3,
2n/m ©m aiz)

Stoping boundlary
poundary of orebody

b

~_n ..
n=y ni * hi/ h
!

a-Area with high grade a(2),Z
b-Area with low grade a(1),%

- . N i
R A M N T 3 AR TR ey PRI Ty e

R s R PR . i

S 3 w—opt. =mi‘: (1-)—:—-—--—_-—(1—- -——:——7)) , . . (B.),-.
T e TR i TEedy o ooE .
) Y ) -

(9)
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x-94920
Stoping boundary Tonnage, t Zn grade, %

1 12612 1.08

2 16184 1.63

3 20660 2.51

4 24160 2.3C
Arzp.15
Year Annual preductien,kt/y Ore grade,?
1972-1980 308 1.64-1.04
1981-1988 459 1.47-1.40
Ore reserves(1972-1986) Tennage, Mt Ore grade, %
Total 20.924 1.3C-1.67
Reserves mined out 5.948 1.8C-1.32
Remaining reserves 14.976 1.10-1.81
App.16
Place Billax Area mined out Number cf block to be

B h No filled Filled mined in condition
B h B h normal complicated

B1-3 15 20 30 50 1 3
Bl-4 20 2¢ 25 55 1 3
B1-5 20 15 20 45 1
B1-7 20 20 10 10 30 55 1 2
B1-8 8 8 30 20 30 35 3
B1-9 8 8 25 20 25 30 3
B2-2 20 10 50 10 2
BZ2-6 20 20 45 15 25 30 1
B2-9 20 20 .. 40 70 30 35 1

BR2-11 10 15 70 i5 30 35 1 1
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- App.17

In exanlqlng ‘the stabili ty of room/stones and Piliars,

There are three aspcts to be considered:

d) stress ¢hange that are caused by the excavation,

b/ deformation ©f the room- g roofs and pillars,

o/ na*ajeters optinmization of To0as and pillars,

Under cer_aln geolog*cal conditions, Stress distx:

2]

ainly on Stopes geometry,stoping arrangenent and

4 number of Samultaneous ¥orking sto ODes

+bution depends

Stress distribution around, and Stability of Tooms and pillars

are ¢fscussed using Displacemant Discontinuity Feth

-

Computer Dbrogranmne (MINT2R) .

INTAB ig a Conputer programme developsd fFor analyzing pillax

extraction schene in a tabula:

i

o

oerebody whicn is flat-1lving or -

dipping at any angle up teo 90° to tqe horizontal. “He thickness

t of the Grebody ig st1all compares to its lateral extent and

the depth belaw the_surface,Threfore, the orebody can re viewed

&5 a simple plae Crack of negligible thickness.The

rogramme is

based upon the Displacement Discontinuity Method (DDM) .0One of

the basic assumptionsi g the present version of MINTAB is that

_{pillars,remants or abutments are deformable and tha deformation

hOWever the'

<




would he proportional,within the elastie limit,to the laad
transferred onso them,Th:efor,for R0r realistic simulqtions
in mining of tabular orebedy,the compressibility ©f the sean
should be taken inte account.

Based on available information of the éemlogy of tﬁe Orebody
and physico—mechanical Properties ©f the hest YOoCKS,a mine
area with dimensins of1120 & by 120 m nhas been taken for
computer simulationp, The mine area ;s diveded inte 3 %arge
Sguares in X-directjion (strike) ard 2 large squéres in v-
directicn {dip) .Bach larce sSguare ig further dividegd inteo

545 small SGuares.The aveaz consist of (3x5)x(3x5)=225 small

Sguares,and the width of $z3all scuare is 8 =,
A printer Plot xoutire wWas cdesigned ang incorporaded to rep-

@nt:stresses GES,GZXrGIDJGEE*GQWGEjJ )

1B

-2

(]

0
o

lsplacements prpy;DZ;

eleased Energy E anda Strength/stress ratio- SSR,whehn brovides ; “E

Ead

& general jdea of Stability for the Tining conditions. a factor-
of safety less than l.p indicates an unstable condition whera

total stress ig EXCeeded the mobilized strenth of pillars,




e s e AR A AE e e MR i e = T = = v Tt T = = - - e = W e BP S - — o —— ——— e — —

B2(360-420)

Profile Length of orebody - Ore grade,%
m>3 m<3

B2-19 20 90 1.82-1.02
B2-20 Q 200 1.87-1.14
B2=-21 30 90 3.13~-2.71
B2-22 0 140 4.38-1.01
v-31220 e 25 3.0~0.58
y=3124 0 55 5.84-0.52
y=31260 10 100 1-14-1.04
y-31280 30 150 1.35-1.33
y31300 20 80 1.11-1.77
y31320 50 90 1.53-1.35
y=-31360 30 a0 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 optinmization for narrow wein crebodies

1. Caiculation formulas .

In a general way formulas for defining rock dilution -
were introduced by Eustace Alaphia Wright (5) '
Two basic methods are available for estimating rock
dilution for narrow wvein orebodies:

~Direct method

= 4+t = ! 1 it
dl m q/(mo n'lg=n /no o {(14)
CL—— —n 1 . |
é,=n q/mcq m /mO : (15) :
-Indirect method i

rdl=ab—a/a -a' ' (16)

0

dz=ao"a/a-a'

Where:

. e Nt i Yoy |
m,~thickness of ore veins,m, APRTELTRET S :
gproductivity Per meter thickness,:/m, : S, ‘ [
O,a' and a-Average grade of are veins,of waste rock
&nd of the mixture of ore and waste rock mined,respec—
tively,% or g/t. AR Frpttagt et iR
It is usually mpmossible ta directly measurs the thick-— . (i
nesses mo,m' and m during stoping of narrow veins ore- !
bodies. it Fe ey e oA _ _
It can be shown that formulas {14} and hlG)are_equivalent o S
and that formulas (15) and (17)are also egquivalent. ‘
Formulas (l4)and (15)can be converted using the trans-
formaticn k,refleeting ratio of n to Mg - 1iff

m/mo=k,where k1 : i
Thus: :

dl=m'/m=l—l/k .
d,=m’'/m_=k-1

The corresponding values dland dzare shown in taﬁle 4

[ e —

e TR

EN Ea Eiag, 4.

Table 4 Rock dilutien of formulas (14) and (15)

k dl—k-l/k dz—x—l o N

1 0 g 0 . -

1.2 0.17 . 0.20 _ - .

1.4 0.29 : 0.40 = " . !
1.6 0.38 . 0.60 i ,
1.8 0.44 0.80 . _ - e T

2,0 - 0.50 . 1.00

2.5 0.60 1.50

3.5 0.71 : 2.50

5.0 0.80 : 4.00

T A
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1 ] Y. Stoping thickness Darzaneters oStimization

In genéral stoping thickness exercises great influencs
on ore losses and roek dilution and nining.cost for
narrxew veins orebody.Inc:easing Stoping thickness will
lead to increse rock dilution and to decrsase ore loss:
The connection between mining cost and the order of 'si:
for rock dilution and ore losses will .be discussed by
using optimal model of ore qguality in a specific cass
¢f narrow wveins orebody. -

"+ Adaptation of @quipment size to thickness of orebody

The eguipment size is one of major factors,relating to
effect on rock dilution and mining Cost, specially for
NaArrow veins grebody.It is well known fact thart as the
thickness of orepbody increases,the use of more equipment
Ssize is needed.The influence of equipment size on rock
. dilution and oining ccsts can be examined using optimurm
nodel of ore guality for 2ining of narrow veins orebodyv
with thickness of 0.5-5.0 o, ’ﬁ" i

| campariﬂgfiwe drill equipment,differing'ln mining cost
and rock dilution, the total costs of hath Arill- methnods
€an be calculated by : S
C=C +Cc /l1-4a
c m
Where:

C-tectal cost,v/t,
Cc—Concentrate cost,v}t,cc=7‘v/t, o VIR g

"C_-mining cost,v/t

aid difference in total costs will he: .

2 2

Small-diameter drill is giving index 1,and niddle-~diamete

: drill index 2, 5

. Consider the curves Cl=fl(m Yand C2=f {mo}in fig.1lo0,

: ’ ! shewing total costs of different drili methods for
different thickness of orebedy.The point of intersection’
of two curves will correspond the thickness of orekbaody
of about 3 m,i.e. middle~diameter drill will be rational,
when thickness of orebody m23nm. ’

: iy . C. -C_=C + a_ - N ' _-..
i g 72 Tec /2 Syd= cvC ./ (1-d,)

* -
- . ERE e T e St = L e a A e e, L

Mz.u;m:w.- - —



Estimatiom of rock dilution at Grong Gruber

Block Ore grade in situ,Z Rock dilution,Z COre grade planned,?
Cu Zn 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 .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 8.3 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 .66 45.0 1.01 0.36
26 1.95 2.36 42.0 1.13 1.37
27 1.74 1.12 41.0 1.03 0.66
B2 Series 31.0
31 .79 0.80 17.0 1.49 0.66
.32 1.24 1.98 16.6 1.03 1.65
Bl 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 .79 2.55 17.0 0.66 2.12
56 1.70 0.33 23.0 1,31 0.25
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Block Profile No. Arsa for different thickness(m) Dilution eStimated by

Total
<3m 5-20m > 20 m m Irreqularity
H.W. F.W. W.L. Z z
1 2 3 4 5 6 7 8 9
2 x=04840 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 =0 50
Sum 906 9.4
3 294960 1 23 540 50
2 48 50 50
3 219 7 7
A 169 5 5
5 128 5 5
7 60 5 5
Sum 657 11
x=95020 1 170 7 3 10
2 33 7 7
3 12 7 7
4 5 7 7
Sum 270 9
Av. 10
& x=05080 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=85220 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 B 8
Av 9.3
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5 x=95080 5 5 7 5 12
6 15 7 5 12
7 170 7 5 12
8 106 7 5 12
g 175 7 3 12
10 110 7 5 12
11 &7 7 5 i7
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 g ;
18 187 E 5
2 25 5 5
21 234 5 5
Sum 1955 9.1
x=93220 4 5 3 3 8
5 113 5 3 8
6 79 S 3 8
7 218 5 3 8
b 24 5 3 8
G 242 5 3 S
10 108 5 3 8
i1 134 5 3 8
i? 227 5 3 &
13 128 5 3 3
14 165 5 3 g
15 190 7 5 5 17
15 109 7 5 17
17 246 7 L 5 i7
L8 285 7 2 12
19 270 7 5 3 17
20 152 7 5 12
Sum 2735 14
Av 10.2
6 x=04960 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 e 7 2 9
17 105 7 2 9
19 38 7 7
Sum 700 8.3
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x=05020 16 6 5 5
17 i3 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=85080 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 3
Sum 1124 8
11 x=05220 20 30 7 5 12
z1 394 7 5 12
22 261 7 5 12
23 261 7 5 12
24 114 5 20 25
Z3 62 5 20 25
26 28 5 20 25
27 23 5 20 25
28 116 5 20 25
29 79 5 20 23
30 &1 5 20 23
Sum 14586 16
i? x=05080 26 18 5 5
28 85 5 s
29 64 5 5
31 79 5 5
33 129 5 5
34 146 5 b
35 346 5 5
Sum 877 5
13 x=94860 35 23 50 50
36 31 7 15 22
37 33 7 15 22
38 38 R 7 15 22
39 12 7 15 22
40 12 7 15 22

Sum 149 34



x=05020 25 67 7 7
27 103 7 7
29 31 7 7
30 103 7 7
31 i7 bt 50
32 26 7 7
33 37 7 7
34 36 7 7
35 32 7 7
Sum 1077 8.¢
Av. 14.¢
14 x=04840 24 96 30 30
Sum G5 3
15 x=04840 25 88 7 5 12
Z8 21 7 5 12
29 30 5 3 8
32 103 5 3 8
3 65 5 3 2
34 26 5 3 ]
Sum 332 a1
16 x=84880 40 21 50 50
4] 14 50 50
42 30 50 50
Sum 65 50
17 x=94840 23 45 5 3 8
34 75 5 3 g
35 16 7 5 12
36 23 7 5 12
37 93 7 5 12
38 38 7 5 12
39 83 7 5 12
Sum 371 10.8
21 B2=4 1 57 5 3 8
2 110 5 5
3 141 5 3 8
4 56 5 3 8
5 28 5 3 8
6 61 5 5
7 159 5 5
8 79 5 3 8
9 - 116 5 3 8
10 63 5 3 3 11
11 77 5 3 8
i2 62 7 5 5 17
13 24 7 5 5 17
14 24 50 50



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 5C 50

10 117 50 50

Sum 507 22

23 B2=14 19 10 50 50
20 17 50 50

Z21 43 7 5 12

22 78 7 5 12

Sum 148 1¢

. 24 £2=7 1 137 7 3] 12
2 94 7 5 12

3 157 7 5 12

Suin 388 12

25 R2=14 1 45 7 5 12
2 40 50 50

2| 22 50 a0

4 8 S0 30

5 47 50 50

6 17 50 50

7 12 50 10)

8 12 50 50

9 30 50 50

10 29 50 50

i1 43 50 50

12 6 50 &0

13 7 =0 50

14 20 50 50

15 9 50 50

16 4 50 50

Sum 347 45

26  B2=23 1 5¢ 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
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27 R2=2% 1-8 366 50 50
Sum 366 50
B2=26 1 45 50 50
2 23 7 5 12
4 20 50 50
5 7 20 5 5 30
6 15 20 5 5 3Q
7 50 20 5 5 30
Sunm 159 38
A 41
81 Bl=2 1 147 7 5 5 17
2 123 7 5 5 17
3 a0 7 5 3 17
Sum 360 17
@ sz =9 1 37 7 5 12
2 53 7 B 12
A 66 7 5 12
4 31 7 5 5 17
] Q6 7 5 5 17
5] a0 F 5 5 17
7 &8 7 3 5 17
8 73 7 5 5 17
g a 50 50
Sum €02 16.
51 y=31500 1 &3 50 50
p 12 50 50
3 28 50 50
4 21 50 50
5 240 7 5 12
6 142 7 5 12
Sum 526 22
. 52 y=31420 1 57 7 5 5 17
2 50 7 5 5 17
3 20 50 50
4 &0 7 5 5 17
5 120 7 5 5 17
6 100 7 5 5 17
Sunm 427 18.%
53 v=31360 7 50 50 50
8 74 50 50
g 9 7 5 12
Sum 133 47
54 y=31360 1 10 7 5 5 17
2 10 7 5 5 17
3 g0 7 5 5 i7
4 30 50 50
5 10 50 50
6 30 50 50

e e m Rs RS ML Ll R ML LR kA e e e e e o= o Tm e = = T e e A L Ak s e e e T S e e e e e -




55 y=31300 5 92 7 5 5 17
6 102 7 5 5 17
7 80 7 5 5 17
3 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 G8 7 5 12
Sum 201 23
H.W.-Hanging wall
F.W.-Footwall
W.L.-Waste layer
Fecssible dilution level
Influencing factor H.W. F.W. W.L. Thickness of orehody
<3m  520m >20 m
Rock dilution,Z 0-8 0-5 10-20 50 7 5



