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Introduction

According to agreement that this study is connected with Mine Planning of
narrow orebedy at Grong Gruber,the main themes of the werk were

-to seek profitable Alternative for mining of narrow and small orebodies.
-to study mining method adapted to conditions of narrew orebodies.

~to conduct numerical analysis of profile to improve ore grade mined.

A problem related to ore production was also discussed.



1. Ore reserves of narrew orebodies

The ore reserves of narrow or flat lying orebodies have been estimated

by Tauno Manunen(An evaluation of the operation and development program,

1988).According to this report,the ore reserves and included reserves

of narrow orebodies are as follows:

Area

Bl
B2

X
Total

j4i ]
e

o4

Ore reserves of Cu.E.>2.11Z(t)

Total

294573
187872
780897
1751520
3014862
100

Ore reserves of

narrow orebodies

126808

213217
107153
447178

15

A

50
20
100

Total reserves(t)

Total

638000
1055000
2305000
10668000
14667000
100

Ore reserves of

narrow orebodies

660000

1100000
440000
2200000

15

It is noticed that the ore reserves of narrow and small orebodiedare about

15% of total ore reserves of Cu.E.>2.11% and divided by area B2-50%,7-30%

and X-20Z.With taking into account 157 proportion it has been estimated

ore reserves of narrow orebodies for different areas.

This results:
Y-660000 t,B2-1100000 t,X-440000 t,Total-2200000 t.
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2.Mining of narrow orebodies
2.1.Mining Alternatives
Mining of narrow orebodie; were studiéd for area of Blocks 27,26 and 25

Tin évery profile.Three Alternatives have been considered in this study.

The first cne is R&P with stoping size  5%6 m2 and nonselective mining
(Alt.1),the second is the same method with selective mining(Alt.1') and

the third is R&P with stoping size 2.5%3 and ncnseleetive mining{Alt.2).

Rock dilution has been calculated by comparising thickness of orebody

and stoping size in every profile(App.1,2,3.).The results of this calcu-
lation are presented in tables 1,2,3.The dilution is closely connected

with thickness of orebody and stcoping size(see fig.1). B

The results of analysis for B2 area Blocks 27,26,25 are summarised in
4,5,6,7,8,Tables 4-9 show that R&P with selective mining{Alt.1') is much
better than with nonselective mining(A1it.1),rock dilution is decreased

from 33% to 9Z.For Alt.1' the main problem is the efficency of selectivity
i.e. how much waste can be separately mined out during selective mining.

The -actual results of mining may be something between Alt.l and 1! and

real dilution level seems to be 9-33%Z.It is also noticed that by changing
existing mining method with stoping size 5 m(Alt.I1 or 1') to a methed with
stopirg size 2.5 m(Alt.2),where rock dilution will be reduced from 9-33%

to 5% and mining cost for Alt.2 will be 25% higher than Alt.1,the increment
in prefit is considerable.

Assuming 10%Z annual ore production from narrow orebodies,the annual increment
in profit of Alt.2 is 0.05 MNOK/y,compared with Alt.l'.Calculation alse shows
that application of mining with stoping size 2.5 m for Blocks 27,26,25 gives
total net present value(NPV) 4.19 MNOK during the rest of mine's lifetime.
Taking into account the total area of narrow and small orebodies the economic

result would be increased.
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Table 2 6

Alt. 1(5% m2)

Profile Ore in situ - h—faste ~ Ore mined B o Izi_lu_tipn_
t - ca = Zn,Z E t Cu n, %z Z B
B2 20 3%eib 245 gl 29736 (8352 gev o1 4k
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@ BR824 et 28691k
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, Table =3
Rlock: 24
) Alt. 1(5%6 m>)
Profile Qre in situ _Waste B _Qre minédh _ Dilution
t Cu n, 7T t G B o1 Zn, % ¥
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) - Table 4 (Block 27 Alt.1)
c
_ 990
PLAN =p=m GRCNG GRUBER A/S TALLENE K‘\IYT ET OPP MOT REGNEARK
- KONTRAKT BUDSJETT @& 0G SIR -
AL MYERDT /PRODUKS S GNSKOST CoC Nl -
Kr/tonn Kr/kg %
Cuy Metallinnhold ! konsentrat 230
-7 Bruttoverdi 1000 kg Kons. e o 3431 15,000 L _ L1000 o =
- Fradrag sselteverk ' “1028 4,67 29,79 b
Cif=-verdi = s ee-EA2S 10,83, -7 .70,21 T T o E-
Sir L ‘.u4 g8.92
Verdi ab Joma Cu-innrhold 2HiE .20 &1,.28
FB aruttoverci o ¥, 4% 109
Fracrag saelieverk 41 8 2
Cif-vergil = 1,01 &3
Sir 0 8] 2
Vercl ab Josa Cu-:innhold ore) 1.l a5
CU = AS Verdi ab Joka’ TUTTT - 2ass - 10,81 — =
N et "l‘nnhrld i kansentrat LT
) Bruvteverdl 1000 kg koas, __AETE 0,16 150
- Fr -:1(”"\:—\2 saelfaverk 1294 &y S8 oh, 50
Cif-verd i 975 £,61 £, 10
Sir 25t . o8 S 71 -
B} _ Verdi ab Joma In—innhald = E7iE 8, 03 s3.a3 "
RAMALM T T4 IN. G or
PAGANG TONN T4 4 o84y s o 6 L
UTU TNNING - o Bhoe _  kkte_ [APP F)
MAL M TOMM e i e e Ad e 2F29

KONSENTEAT

RENZENT RAT 27247 4149
GG zran gy, L tonn Yomsentrat 200
ANTSLL HG 24 B 5‘45’3

MALMVERDI ¢

DEZ#*D11/C21+1000

CuU:

ARG F27+D18/C31#1000
IN: ESZ#D28/C31*1000
MALMVERDI

TOTAL PRODUKSJONSHKCST JCHMA (72630+9000-1800) /533=

FORTJENESTE PR. TONN RAMALM

ENULL!

1evi3

3025

/.;l:l;

15108 (App 6)
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Bleck 27 Alt.2

_ 1990 ;
PLAN =28 GRONG _GRUBER A/S

HALMVERDI /DROCUKSIONSHKOST

TELLENE KNYTTET OPP MOT REGNEARRK
KONTRAKT BUDSJETT & 06 SIR

. K&

Kr/tonn Kr/kg A
cu Metallinnheld 1 kansentra 230
" 77 Bratteverdi 0G0 kg kens. - 3451 I5,00 - o= am 100 -
.. Fradrag sselteverk ° - 1028 4,47 2¢, 73 T
Cif-verdi ---2423 10,53, __7..70,21 . —
Sir 08 1,34 8,92
Verdi ab Joaa Cu-innhold 2118 9,20 al,28
RG Bruttcoverdl SRS 1,1 pe ot
Fragrac smeltaverk a1 18 ="
if~verdl 2Z3 1, Gt ES
Sir - 0 Q A
Verd. ab Joasa Cu—innhoid E#2 BT S5S
CU + A6 VWerdi ab Joaa — T 234y - 10,3 -~ -
iR ~ Metallinnhaold i kansentrat &5
Prutteverdi 1000 kg kans. 43572 10,16 180
- Fradrag sasltaverk 1586 J. 53 25,20
Cif-verdi co7e &.61 85, 10
Eir e 8 IR
B Verdi ab Jgma In—innhald - SR 5. 02 e M
REMGLM T il iN £6 o
?&;-:EEEE*T;‘LM ﬁo‘{lé-fb 2rf£I' e 1“"_{_.......—-".,-_...
UTVINNING = - e FSe
MOLM TONM e i88c 3 L7 .
ROMNSENTARAT % 24 . A3
KONSENTRAT 28L6F TsEel
£G gram oy, 1 tona Honsentrat Zce -
ANTALL YG a5 i $F33 -

MELMYERDT :

cur | DITEDL1/C31%1000
AG: F37#018/C31#1C00
IN: E33%D28/C31#1000

MALMVERDI

TOTAL PRODUKSJCNSKOST JOMA (72680+9C00-1800) /S335=

FORTJENESTE PR. TONN RAMALM

ZnuLL!




Table 5 10
Block: 2'F, 26,25

= = 2 _
Alt. 1(5%6 m~)
Profile Ore in situ Wast“.e - Cre mined Dilution
- t Cu Zn,7 Tt £ Cu n,xZ A
Block 27, 332005 239 /25 . anece. _s44cst ke 24 39 .
_____ -’:é--?i’ff—ii_____l_é'i____1_23.______/_%E'ié:'f__qi’ffée"_—’_f___{ff___fff________3_“’____,-,
_____ ZELMIEMe TR0 ko y2p676 . 393442 _im2 40 3
Sum ‘j'!'S-?GS’ 2.4o J15 242015 13fRezd /g:? }é 33
Alt, 2 (2.5%3 m)

Bioek2y 23161 395264 S SN S SRR
O S (7558 324096 236 .45 b oo,

25 KLY 7 VL N T ¥ S b .

......___..__.._.._______--___—......._____..._.__._._...-_..__.._..__...._.__._-_....___...__._-........_____..—...__
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JOO[O Table 6(B1.27,26,25 Alt.1l)
. { ‘
PLAN oo GRONG GRUBER f/S TRALLENE KNYTTET OPP MOT REGNEARK
i KG‘%TnQHT bUDSJElT 2% 0G SIR
HALMVERDI /PRODUXKSJIONSKOST _%’j -
. Kr/tonn Kr/ko %
cy Metallinnhold i kaensentrat B 220
~ T 7 -Bruttoverdi 1000 kg kons., - ... ASéSi 1S, 00 . - 100 - o
i - -- Fradrag saelteverk =~ _ T __"10z8 5,57 £9. 73 -
Cif-verdi - 2423 0,82 =030, 21, -
Sir A=) 1. 24 8,32
Verdi ab Jora Cu~innhold 2115 5,20 51,28
=1} Brutsgverci o i, 1% el
Fragrag saeliteverk 4 12 e
Cif-verdi ZI3 Lot &S
Sir (3] 0 0
Uer‘dx gb Joma Cu-—-'nnholq 223 [ b ]
.' CU + A6 Verdi ab Joha TTTTS e—pmag et 1@t —em . L
iM Metallinnhold i konsentrat £Z0
Bruttoverdl 100Q kg kons. 4572 _ 10, 18 . 109
- Fragrag smeltaverk 1525 ot 25,50
Cif-veprdi N seva 6,81 €5, 10
Sir o5 .58 . 71
. Verdi ab-Joma Zn—innhold - EVIS s 5 G2 29,39 --
RAMALM T cuy N AG gr.
FACGNG TONN (2E7e2f. ..___Lif____._..._ FE
LTV TNNING % . — L KbSo 4935
MALM_TONN R O 16 £ 3 S F2E3
HONSEMTRAT 4 . . 24 3% N
KONSENTRATY __w_?fvé';}i__ - /i_fl?_‘?____'_,______.
&G oraw sr. ! tenn kensentrzt = ; 2ep
. EHTALL G 25 e [5G
MALMVESDI ;
L ocu DZZ#D11/CZ1#1000 TR e e 12£.53
AG: FI7#D18/C21*1Q0C ) ife 5_3___
IN: £3ZxD28/C31%1000 3.7
MALMVERDT 149.55
TOTAL PRCCUKSJONSKGST JOMA (73680+5C00-1800) /535= /ﬁ_{. {8
FORTJENESTE PR, TONN RAMALM 18 Fl

FAIGHIE B
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Table 7(B1.27,26,25 Alt.1') 12

PLAN == GRONG_GFRUBER A/S TALLENE TET OPP MOT REGNEARK
* KOGNTHAKT SJETT w4 OG ¢IR
NALMVERDY/PRODUKSIONSKOST - T -
. Kr/tonn Kr/kg “
cu - “Metallinnhold i konsenirat . 20
L .07 Bruttoverdi 1000 kg kons., o~ ... 3451 A5, 00 . -2 1Q0= =
T+ Fradrag smelteverk T__ 1028 4. 67 29,73 - ]
Cif-verdi R cc-ZA23 10,35, -7 70,21 - —-= - -
Sir 208 L 34 8,92 )
Verdi ab Joea Cu-inrhold = 15 2,20 5i.58
(=153 Zrutisverd: o74 1,18 (GO
Fradrag smeltavery 4 18 i
Cif-verdi PPy 1,1 &S
Sir 0 0 k]
Verdi ab Joama Cu-innholid AP 01 as
. CU + AG Verdi ab Jona TTUTTT T z3ss 10,2 —— -
IN ~ Metallionhcid i konsentrat L]
i druttoverdl 1600 kg kans. 4572 Q0,16 1GG
- Fradrag saelisverk 1896 2,95 324,350
CiT-verd: - =97a £,61 Bay 10
Sip Z5t 23 S, 71 =
~——— _ Verdi ab Josa Zn-ipnhold - 27:3 £, 03 _==3,23 -

SAMALM T

cu IN AG gr,

PAGENG TONN 1¢2£933 2007 L LOH .
UTUINNING o - = . Mo b3 . F22¢
FALM_ TOMM ISR . - 3 SN ;‘.iéai_-_,,-_
KOMSENTEAT % B2 . v
HOMSENTRAT £rea98 o h2§0 o 320
fE orea or, Lotonn beonsentras . Zeo
ONTZLL 4G 86 rrooe IR YA

HMALMYERDT :

(S H DEZ;DII/CEI41050
FG: F37*D18/C2L{*1000
Nz E33#D28/CI1%10C0
MALMVERDI

TOTAL PRODUKSJCONSHKOST JOMA (728£0+9000~1800) /535=

FOGRTJENESTE PR. TONN RAMALM

£nute!

/&c. 93
1§.5%

e et e b e o

4528

242,74
ore; ishi
wste s FLSE

__59.5%
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Table 8(B1.27,26,25 Alt.2)

TALLENE KNYTTET CPP MOT REGNEARK
KONTRAKT BUDSJETT s 0OG SIR

G

Ar/tonn Kr/kg 3
cu Metallinnhold i konsentrat 20 -
7 Bruttoverdi 1000 kg kons. .~ .—. S4351 13,00 100 .
E - Fradrag saeiteverk a 1028 4,467 29,73 B
Cif-verdi — - -2423 10,83, __7 .70,21 ™
Sir Z08 1,34 8,92
Verdi ab Jowa Cu-innhold 2115 9.20 81.-8
a6 ruttcoverdi e74a 1,18 100
Fradrao smelteverk 41 18 iS5
Cif-verdi 233 1,01 &5
Sir 8] 0 0
Verdi ab Joma Cu—-innhold 235 .01 88
@ cu s verdiTab Joma Tme=—  —pia - 10,21 -
i Hetallinnhold i Yonsentrat 420
HBruttoverdi 1CGCO kg kons. 457¢ 10,16 100
Fradrag sasliioverk 1586 2 83 ah, S0
(Ui f-verdi . 2978 6,01 63, 10
Sir ‘ &6y S S, 7k
— Verdi ab Jopa Zn—innhold 2718 6,03 28. 3
RAMALM T cu iN AG pr.
PAGANE TOMN g6igef 2.2F 124
UTVIMNING % Ge. b3 F2.2e
MELIE TONN (9ge FRIE
MONSENTRAT ¥ 24 3
HONSENTRAT £294 4 14368
£6 gran or. ! tann kopesentrat 2e 0
. ANTALL MG GG 14585
MALMVERDT
Cu: DIZ#D11/C31%1000 TEEST R R TR 189.27
AG: F37#D18/CZ1#1000 . (.32
IN: £33%D28/C31%1000 47 48
MALMVERDI 26408

TOTAL PRODUKSJONSHKOST JOMA (72680+8000-1800) /53S=

FORTJENESTE PR.

ENULL!

TONN RAMALM

169.41

§4.44
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Table 9 Mining Alternatives for Blocks 27,26 and 25

14

Ore in situ
Tonnage, t
Ore grade,Z

Cu

Zn
Average thickness of
arebody,m

Dip of orebedy

915409

2.40
1.15

2.6-3.7 (min.0.5, max. 10)

Generally- flat and steep dipping in some places

Mining method

Drift size,mz
Ore mired
Tonnage,t
ore grade, X
Cu
Zn
Waste rock mining,t

Rock dilution,Z

Specific income,NOK/t
Annual ore production
from narrow orebody
-10Z,t/y

Total income from
narrow orebedy,MNOK/y
Specific cost,NOK/t

R&P with nonselective

mining

5%6

1378027

1.59

0.76
0
33

86.50

69.35

169.89

53500

9.089
151.18(1)

l I

R&P with selective

nining(degree of
selectivity 80%)

5%6
1007933

2.17
1.04
370064
G

G0.63
72.20
242.76

53500

12.887
Ore:151.18
Waste:86.55(2)
Ore:waste=1:0.37

28]

R&P with
nonselective
mining

2.5%3

967606

2.27
1.09
0

5
50.63
72.20
254.05

53500

13.592
169.41(3)
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Total cost,MNOK/y 8.088 - 9.801 9.063
Total profit,MNOX/y 1.001 3.1K5 4.529
Difference in profits of

Alt.1' and 2,MNOK/y 1.344
Investment of Alt.2,MNOK/y 0.397(4)
Increment in profit of Alt.2

compared with 1',MEQOK/y .95

Net present value(NPV) during

the rest of min's lifetime-

5 vears, MNOK 3.11(5) 9.80 14.089
Difference in NPV of

Alt.1' and 2,MNOK 4,19

(1) 72.94+45.02433.22=151.18
(2) Cost of waste=Min. cost - Crushing costtIndirect cost=72.94-3.0+0.5%33.22

:86.55

1]

{(3)Min. cost of Alt.2 is azeun-d25% more than 1.
1.25%72.94+55.,02+33.22=169. 41
(4) Cost.of second-~hand Toro 200D and Tamrock.Minimatic=0.222+0.175=0.397 MNCK/v

(5) ¥PV=) o AL (App. &)
G
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2.2 Mining cost estimation ~
Mining cost of Alt.Z will be increased compared with Alt.l due to increase

in fragmentation cost and using small equipment.According to reaserch of
optimization of rock fragmentation carried cut by Dan Neilsen(International
Mining Oct. 1986),the fragmentation degree is closely connected with costs
of drilling and blasting.Supposing increment in costs of fragmentation by

30% and of lecading -30%,the total mining cost is shown in table below:

Costs,NOK/t Increment in costs,NOK/t 2
Drilling 10.04 5.02 50
Blasting 8.78 4,39 50
Loading ) 7.78 2.33 30
Others 51.23 5.12 10
Total 77.83 16.86477.83=04.69 121

This table shows that the mining cost of Alt.2 is 1.2 times of Alt.l.

A 20-25Z increase in mining cost is a substantial ipcrease for Alt.2,wnich
can be accepted for cost estimation.Ilt is,hovever,expected that ore crushing
and grinding costs are directly affected by degree of fragmentation . The
relationship between crushing/griding and ore fragmentation blasted was
previocusly studied(Repert:Problem concerned with fragmentation of rock,see
App.9).According to this report the incrcasing power factor from 1.7 kg/m3
to 2 kg/m3 leads to decrease fragmentation size from 81 mm to 57 mm, and
consenquently,to increase crushing effiency by 15-35%7 and griding by 5-10%.
The above mentioned Swedish research project also indicates the equality

of overall costs at power factors between 1.3 and 2.4 kg/mB.
2.3.Applicability of mining Alt.

Both Alt.1' and 2 offer close profit,if Alt.1' has high selectivity and
Alt.Z-low costs.Alt.]l' has advantage of application of existing equipment
which can be adapted to less complicated conditi0n§ of orebody.Alt. 2 is
method suitable for mining thinner orebody with complicated boundary.

The applicability of these two Alt. is dependent’ on mining cost and
efficency of selective mining.The increment in mining cost of Alt.2 is

presented in table 10,
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Table 10

ot e A AL o e e e e e M e e e e mr e o e A A AR e e e o e e = e = e e A = o  — — — — o —

Increment in Min.cost of Alt.2 _
compared with Alt.1',7 10 25 35 50 60

Speific cost of Alt.2,NOK/t _ 158.47 169,41 176.71 187.65 194.94
Total cost,MNOK/y 8.478 9.063 9.454 10.039 10.430
Total profit,MNOK/y 5.114  4.529. 4.138 3.553 3.162

W e e e e e omm e S e T S R TR W M M A M e M e e e e e e e v e e e e e e e e L A A — o — — e — . m = = e = = — = — ——— =

The efficency of Alt.1' is concerned with degree of selectivity as shown in table

11.

Table 11

Degree of selectivity,Z =10) 80 70 60 50
COre mined
Tonnage,t 961671 1007933 1054162 11004556 1146718
Ore grode,Z

Cu 2.28 .17 2.08 2,00 1.92

Zn 1.10 1.04 1.00 0.96 0.92
Recovery, % -

Cu 90.63 90.63 90.63 90.63 90.15

Zn 72.20 72.20 72.20 $69.35 69.35
Income,NOK/t 258.87 242.76 236.01 225.21 215.20
Total income,MNOK/y 13.85 12.99 12.62 12.05 11.51
Ore:waste 1:0.43 1:0,37 1:0.31 1:0.25 1:0.20
Total cost, MNOX/y 10.08 9.80 9.52 9.25 9.01
Total profit,MNOK/y 3.77 -~ 3.19 3.10 2.80 2,50

e e A AR ek e ke e e e e e e v e e B L e e e e e e e e M A e e A S = = — — e o ————

Tables 10 and 1l show that the profit of both Alt. appeared to be approximately
equal for certain degree of selectivity of Alt.1' and mining cost of Alt.2.

It also shows that when degree of selectivity of Alt.l' is about 70-807%,the Alt,
2 is more profitable on condition that the mining cost of Alt.2 is within 1.4 -
1.5 times of Alt.l.In other words the applicability of Alt.2 is limited by mining

cost less than 1.5 times of Alt.l for giving circumstances.(see fig.2).
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3. Economical influence of rock dilution during the rest of lifetime

of the. mine
Economical influence of rock dilution is of add;tional costs of mining
and dressing of the waste rock.The economical significance can be studied
by calculating net present _value(NPV),that is the present value of all

the yearly cash flows during the rest of mine's lifetime.

Calculation

Discount 10%Z

Alt. 2 1
Dilution,Z 5 33

Ore production of narrow

orebodies Kt/y 53 53
Production stage,y 5 5
Mining of waste rock,t/y 53%0.05=2650 53%0,33=17500
Total cost,NOK/t 187.865 151.18
NPV of additional costs 5 5
of mining waste rock,MNOX > _2650%187.65__ }”_;@ggf;g.h;g_
° (o.0)? (140.1)°
=1.55 =8.23
5
5 1 1 ] 1 1 1
Bt =TT T fommm e Fmmm e fom e o v
é% LY 1 - 2 3 4 5
(1+0.1)  (140.1) (140.1) (1+0.1; (140.1) (1+0.1)
=3.11

Difference in NPV,MNOX 6.68

As shown in the calculation, the cost of mining waste rock for Alt, 1 is
clearly higher as compared with Alt. 2.The difference in NPV between Alt.

1 and 2 is 6.68 MNDK during 5 years.With no discount that means difference
in additional costs of 2.65-0.50=2.15 MNOK per year during the rest 5 years
lifetime.It is obvious that the most important factor influencing in economy

of mining narrow veins is to keep rock dilution low.
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4, Mining methods

According to conditions of Grong Gruber,the R & P system is the most suitable
method for mining narrew and flat lying orebedies,and sublevel stoping with
accurate drilling can be successfully used for mining -narrow and steep dipping
orebodies.Both methods are more flexible end able to feollow irreqularities

in the boundary of orebedy.In every profile it should be studied the minimum
stoping area to minimize waste rock mining.

Other mining methods as stoping with using monorails,Raise mining and Rill
mining can also be considered for mining narrow orebodies(App.4).

The two mining metheds and correspending mining equipments adapted to narrow
orebodies of Grong Gruber are listed below:

1).R & P system

Due to good mechanical conditiens of rocks snd stable hanging wall,the R&P

t
orebodies.Removing parts of pillars and forming big room during 1981-82 vears
have indicated that in B2 areca big spans can be allowed for mining narrow
orebody with high recovery and minimum dilution.On basis of stress measurement
the span may increased from 5 m to 10-12 m,the dimension of pillar rema&ﬁts
no changed i.e. 7.5%8 mzln this case the ore losses will be decreased from 23Z
to 15%. )
2).Stoping of narrow orebodies with steep dipping
Combination of boundary drill holes for presplitting and central holes for
fragmentation is preposed for mining of narrow and steep dipping orebodies.
(see figd).This method with presplitting will provide the minimum stoping width
and minimize overbreak of waste rock by careful blasting technigues.
Presplitting blasting involves drilliing a row of closely spaced holes along
the stoping boundary and drilling a fow of normally spaced holes in the central
of stopes.The presplit holes are fired before central holes for fragmentation
to provide a fracture plane to which the central blast can break.
The specification for presplitting blasting design are shown in table below:

.

Heole diameter,mm Spacing,m Explosive charge,Kg/m
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3/ Mining equipments
It is recommended to buid up some applications of second-hand small mining
equipment from OQutokumpu mines.They are: ; |
~Toro 200D i
Width 2 m |
Height 2.25 m |
Length 7.54 m.
~-Tamrock.Minimatic
2 booms,3.2 m long
E 400 drillers
Width Z m
Height 2.4 m :
-Micromatic H 102
1 boom
HE 322 drifter
Width 1.2 m
Height 1.5 m
Drills 31-45 mm holes up to 3.3 m in length

The hole diameter for various miring metheds are shown as follows:

Hiole diameter,mm Mining methed
31-38 Drift and R&P for narrow orebodies
43 Driit and R&P for thick orebodies
57 LH stoping
76-89 * Mass tlasting of pillars

“-can be drilled with existing equipments.
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S5.Analysis of profile

In crder to control ore grade it is necessary to analyze every profiie in every
Block based on the following princeple:Every ton of ore mined shall normally
have an ore value not lower than its total costs,and expect to return a profit.
At times unpreofitable rock is mined for other reasons,which are due_tc mining
sequence and requirements of mining methods.

The analysis of every single profile of Block 27 is done by summarising the
tonnage in both Cu and Zn categories.

Analysis of profile includes tonnage and grade distribution in situ,thickness
and dip of orebodies,mining methods,dilution,recovery,tonnage and grade of ore
mined and alsc costs,Income and profit.It is noticed that in the mineable
reserves will be included eonly profitable areas,which give the best possible
cash flow in dependence with current price and real costs of various mining
metheds.This analysis makes it pessible to maxmize the profit by selecting
unprofitable area.

Considering Profile 26 of Block 27.

The profit of & small blocks can be calculated,according to current price

and real costs instead of USing average cost,which depend on mining methods.
1f unprofitable bleck are not encluded,the ore grade mined will increase

from 2.06-0.92 to 2.29-0.94 and corresponding increment in profit will reach
to 17,08 NOK/t.The total increment in profit of this profile is 0.46 MNOK.
From above analysis can be seen that the exclusicn of unprofitable area will
give considerable economic effect,if mining sequence and technical requirments

are satisfied.

P
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Block: 27
Profi-le: B2 '3’-.5 = i -
l1.Tonnage and grade
"Zn,% B
- I___.._‘:. _______________ e e e e e e R e, s S
Cu,% P <1.0 1.01-2.0  12.01-3.0 >3.01 Total Remark
L I : """""""""""""""""""""""""""""""""""""""""""""""""""""
E<1.o L RE
- g U2TIIEE dresnFzlzgl by o
11.01-2.0 ! P i
e R L e 2 N T st
12.01-3:0 ?f;;oz:-‘_;.:g_:&s . g ... .. , . .
m e mnia s peroMendly o |upaaddd
>3.01 i
L :u_—:s:"f L ol ST R Yo S B ¥ RS Ay SN N
! |
:Tctal |:
I
L UFSiF-2Tdsg L UERI L] e 1 R & Gk i
i
i, e
A L 2 W
<.Thickness of orebody,Av.,Min.,Max.,n ____H___.é__(_g_!_-:_f‘.-:fj) ________________
2.Dip of oreboau’(I—‘-flat,S-s:eep) _________ F o
¢.Mining methoed ard Equipment _ _/?_é%[‘?_r(:f_-f‘_’p?_{,f_’_’_’_b __________
g - L Total ____ With ro_umprofit
5.0re mined(t-Cu-Zn)t,% . _%g“f__z__z_—_zlgj:.,ig___g}g_/c_:_-_g._z_{:_.j'___:__
6.Rock dilution,.?:' ) " ______;___.__._’____.._...,_____.___
7.Recovery, (Cu-Zn), 7 __.._______i";g_j_:gj'..”g‘_._ . e e
8.Total '¢ost,Xrft =7===r = IR Y NI TR RS ke T L avm T
9.Income,Xr./t __.?:{_3’___826 _____________ 24594
10.Profit,Ke/t 4421 61.23

Y 15 FLGHt 4502 +33,22 = 187,45
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Block: ZF
Profile: 32 2F .
1.Tonnage and grade
Zn, %
B o e e s
'
Cu,% ! <1.0 1.01-2.0 2.01-3.0 >3.01 Total Remark
_________ S SN SUPTTORDIUUPIERIRITIY SO NS AU
' ! j0842-,51-143
1<1.0 v P=E- 434~ 8]~ 1 FF
T I N T T A Ve 34eg-i3cled
R A A 1 Ay S £ it AN/ PPN - £ 3 i MYl e AR
_ NESETF I
1.01-2.0 2370
o \3ga3 - r45-23 ] goal-is2-32| geeq -1 sl
e e e
2.01-3.0 :
[]
s 2 837204m,08 | 6334230140 167723208 (oF 422000
' Lo TSNl R N I
;>3'01 bag34~3.08 =80
R DN B v AT 1 N NN S | RN ]
. R e e e e
Total :
' l
i
o3RRG frhge a3 | 2084 472 Y] boobTaFR G2l
1
:With no unprofit
TR e S - S~ et s R L L oo
2.Thickness of orebody,Av.,Min.,Max.,m  ________ 3.5(/F-68)
2.Dip of orebody(F-flat,S-steep) _[—:. __________________________
4.Mining method and Equipment | @ _C_Q"P__{f__{"f}_ef”r) _________
_______ Total ___ With no _unprofit ____
5.0re mined(t-Cu~Zn)t,% 3242-454-409
6.Rock dilution,Z2 . S
7.Recovery,(Cu-Zn), %2 86.50 7 F220 .
8.Total cost,Kr/t Y I 5 2% £ M
9.Income,Kr./t 5252

10.Profit,Xr/t S
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Block: il?
Profile: 32 2§ )
1.Tonnage and grade
Zn, % i i
- l.. _________ e e e e e e e e e e B e e m e e e m
1
Cu,Z : <1.0 1.01-2.0 2.01-3.0 >3.01 Total Remark
= mm e R O LTS EEEEREPRPRENE RS B B
1€1.0 E
i
SR 5';;4:;;:,‘:5; ___________________________ EIE A m L REF LN S 1)
1-01-2.0 f;r;f‘i?tﬂff
T CEIFSIESEIRL _J2ARI 1862 s b gg fep 240y
it RS SRR TIPS S R DM S A RS 8 K A ik | I
2.01-3.0 - I i
1
I S/ R/ N N I e s Lt L
' 1034~ 6,499
;>3 01 131845983
el 222500 i L IR N RO £ | f.oonch sl
X | e e e
iTotal :
1 I
1 ' !
b - -_~_|'_/A_’¢:‘9z:$;_‘ﬂ';_?°__ — 242 5'130-.‘?5"4_51‘_;,?5?..;_53_(;q»
e et R TS TS EO I ol PSSO SOR SRR hoih S a0 TR
Fith no unprofit
T T

2.Thickness of orebody,Av.,Min. ,Max. ,m
2.Dip of orehody(F-flat,S-steep)

4.Mining method and Equipment

.Ore mined(t-Cu-Zn)t,Z

.Rock dilution,Z

.Total cost,Kr/t

5
€
7.Recovery, (Cu-Zn),Z
8
9.Income,Xr./t

1

0.Prefit,Kr/t

__________ :LJ?-_---______~__-~_______
REL . Swblayel stoping (2,553 emt)
_______ Total ___ With no unprofit ____
BESIY2MESAS2 e .
Y S L
I LTS Rl > S
_____________ I$F bS5 - o T
_________ 246 8F .



Block:

Profile: 32 29
1.Tonnage and grade
' Zn, 7%
gt e O NP 4 = e
]
Cu,% v <1.0 1.01-2.0 2.01-3.0 >3.01
]
_________ Lo e m e e e ccmmm e e
! I
1<1.0 :
) |
' !
:I 01-2.0 52[31‘{5‘2—.35’
! LAY St 1
]
e def8ra- 28 L] £78-rbe-259 | _______|
' i
r2.01-3.0-r- ; = : o
T S, | el I L o
. CFERG-g23-FF
:>3-01 :azgﬂ_‘_f‘arh“J
T LR R R At R 5 Ll Yo < | I R
|
)
Total |
: i
oo USERRYE 102263 AP | G LEm25f

27

.Thickness of orebody,Av.,Min. ,Max.,m
.Dip of crebody(F-flat,S-steep)
-Mining methed and Equipment

.Ore mined(t-Cu-Zn)t,Z

.ﬁoéﬁ dilutiéﬁ,i- o
.Recovery, (Cu-2Zn),Z

-Total cost,Xr/t ™™ — o
.Income,Xr./t

0.Profit,Kr/t

—— e ———

________________________________________________

27
Total Remark
AN

e e e = n — ———

e e i R T el =it

___________________________

ol e o - - —

__-.-.._..___-..__-----.._____...-.._..--__---._...-_—-..-_.-_-...__--.._.,.._-..__——--_-._-.--——-—-..._-‘
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Block: 27 ! .

Profile: f32 30 ’ =

1.Tonnage and grade

= in,% - B v

—_i I___.:'...._ ____________________________________ = =l L e m s S B D - =
Cu,Z2 1 <1.0 1.01-2.0 2.01-3.0 >3.01 Total Remark

R - S S e P unpupis [P UPIIPU RS

o1 g Wb

01-3.0 :33’42'2-3?":"7

] ]

! geegh-2 3818

' fslb-t,54-. 76 | 166330

23.01 TN SR gl oY MR &2

t :‘yfp-—f.?)'asf 2 .

! 64 gl be \1574G -31a 148
[

_____________________________________

G - e e D R [y Sy

[ e e e e e e e - o

il il e & T Uy A TR R e e e e = e e e o e - ———— = e

,_...___.......__-______...-_____.._.._........_..—-...-..--_—-_-______-__-.._.___.._..__.._.._.____-___.._-..

WO 0~ O n

2.Thickness of orebody,Av.,Min.,Max.,m  ______ 3.3(LF APl s A S
2.Dip of orebody(F—flat,S_-éteep) _____________ Ee
4.Mining method and Equipment KT&B__[E-_{.’I};?T?) ______
KIS Total ____ With no unprofit —— .
.Ore mined(t-Cu-Zn)t,% §3035~-1.93-149% e
..Rloc}g Eiﬁivu_ti_on,z ' ) cmax 1 omema it S s % B
.Recovery, (Cu-Zn),z ifif:]f.f’f: ________________
.Total cost,Kr/t o T I ETTET R ST TR
»Income,Xr./t A
G.Profit,Xr/t YA
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Block: 2 f
Profile: 32 31 } : a
1.Tonnage and grade
Zn,% i e )
- I.__.._._.__.____..____.-......:....:. ________________________ A e e e o
Cu,% | <10 1.01-2.0 2.01-3.0 >3.01 Total Remark
e m——— :._ _______________________________________________________________________
<10 1 pEe
T & lett 238 .00 58 EU SN & A/t U IO AT S g XAVLL L0y
'1.01-2.0 !
P B oo fogarrstote] FESTAAIE 14y 9203730
2.01-3.01  — - me—e - ;
I WELZ ST N V<7 oL 1.2 3 N P ASQURIIT
3101 i
T pessennnl L esgonned
|
E’i‘ot:‘.l E
i 1 .
BN 1| 21 8 ot AT A1 LT e A Rt o o
.
:‘.«';th no unprofit 44319~ 19624 &
! -
2.Thickness of orebody,Av.,Min.,Max.,m  _________ 3__9_[/_}_—-_-,_("_-_8’") _______________
-2.Dip of or:eboc’.y(F-flat-,S-steep) e Fio oo
4.Mining method and Equipment _REP,__Sublaval Steprng (25x30m
e o mme oW Total ____ With _no unprofit ____
.Ore mined(t-Cu-Zn)t,_Z ' A ) Qf?f_f_-_;.j’_%:};fi ______________________
.Rock dilution,?.’,'- - s - T A A
.Recovery,(Cu-Zn),% L g 8249 .
.Total eost,Kr/t—="- R S0 ¢ SRl
.Income,Xr./t A S
10.Profit,Ke/t L BB¥e .
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Bloek: 2 F
= : B R L L
Profile: 32 32 ‘
1.Tonnage and grade
Zn, % i . =T = k 3
- |_-_..-.....______-_.._.,..____-.....:_':_..-‘:._'___-'_..__-..'.______._....____._.._..__..-.._: _____
]
Cu, 7 v 1,0 1,01-2.0 2.01-3.0 >3.01 Total Remark
]
| A :" """"""""""""""""""""""""""""""""""""""""""""""""""""
1€<1.0 E
1 N -
S S N Y R4 1.6 o3 4 3 NN £ 3 o 2 i X AN
'1.01-2.0 !
; LBedbuiri-faf N Fed-153-71 i
g - --o 2.01-3.0 _ e v o] = e o
® : !
! 3
e e I B Lot AP
»3.01 :'
: 150’5_?”, e f‘rd'ﬂ‘f’!-zf’f."‘@ Locla-§ 4y, 79
RS >t QL U S b i L AR i ) IRt P I (SRR LS L . o) ¢ S o Sy
. i - =3
Total |
| :
o L4035 | 603 Sartet |7 74 2R — . B3ges=i03| L.
t
hith ne unprofit =
I A L e N . S R~ Rt A
2.Thickness of orebody,Av.,Min.,Max.,n e 2.85(12748)
2.Dip of orebedy(F-flat,S-steep) e
4.Mining methed and Equipment o K_ﬁﬁ__(_‘g-_{‘_?_.f_fff,_) _________
A . T Total ____ With _no unprofit ____
. 5.0re mined(t-Cu-2Zn)t,% . e - - _ 34422 e 9 .
6.Rock dilution,Z . < e S
7.Recovery, (Cu~Zn),2 3?‘.5_5_"_'_5_9. 3
= =T ~—8.Total gost,Kr/t” o - e Qﬁf;éé:__;:_;:;:-Llf::::_
9.Income,Kr./t __.292

10.Profit,Kr/t



5.0re mined{t-Cu-Zn)t,%

6.Rock dilution,Z

7 .Recovery,(Cu-~Zn),%
8.Total cost,Kr/t

9,.Income,Xr./t

10.Profit,Xr/t
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Block: 2?‘

Profile: fIZ 33 - ~

1.Tonnage and grade

e Ecwis 0.7 - . 7

— I.. ————————————— R -, W e e L N A - e N e L e s m s m -

]

Cu,Z 1 <1.0 1.01-2.0 2.01-3.0 >3.01 Total Remark

i
_________ lmm cmmmc e e e L e il
! 1
1 1
1<1.0 '

. I

1 ! = =

I b e e R e R

1,01-2.0

R R L 3As ekt | A P S ATk e 1 S
i

———2.01-3.0 b - --- LERa | — = e =

! 1 ,

VG LaE-zL- ]2 E~2 96 -2 L6
N N1 .2 TN L2t e ) I AR 2320424629 .
>3.01 i
] -

b U SRS NN NN NS HU
¥ - E ="

HTota 1 _

| i

f i =

L _izheperziolg|ssst-rdtiae) | B - --
kith no unprofit -

I __________________________________________________________________________________
2.Thickness of orebody,Av.,Min.,Max.,m . 2.9(26-¢g)
2:ﬁi§ of orebody(F-flat,S-steep) . _.___ FilS
4.Mining method and Equipment L REP . Swbleval Stopiog (2.Cx30mY

o
9e. 63— (9,35
L & - S
23406 .
48,41
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Block: 27 ,
Profile: 82 3% ' - »
1.Tennage and grade
’ Zn, % ) -
- 'l_-...........____......._-_......._.......;’;' __________ A e e e - - o o ot o - — . e - — -
1]
Cu, % : <1.0 1.01-2.0 2,.01-3.0 >3.01 Total Remark
|-ttt Eme T :" """""""""""""""""""""""""""""""""""""""""""""""""
i<1.0 :
1
S e T TalreTTEIEr: PR SR ISR
'1.01-2,0 !
. R ED a0ty ) S I S & 7374-159-29
e il ! [FSEpUIIOUNU. NSRS I £ A scecratsor A
2.01-3,0- i - - - - .
' '
) -2 - EFf-2.96-42 -7 {3
RN 11 & ot UL AL okl I ISR F 11 ¢ ot X' o - B
>3.01 ;
' ]
]
= m—— :. _______________________________________________________________________
Total :
| |
e L2526 | Gof2ge26) - s 2246-239=21 " .
il.-a‘ith no unprofit —
2.Thickness of orebody,Av.,Min.,Max.,m  ____ if_{}‘_‘?_‘f_n’_)_ _________________
2.Dip of oreboedy(¥-flat,S-steep) __ oS s
4.Mining method and Equipment REP. Swbicval Stoping (2.€530m")
-— ceeoi- Total - With no unprofit ____
5.0re mined(t-Cu-Zn)t,% 292%6~239-.31 .
.Rock dilution,Z A 5_3 ______________________
.Recovery, (Cu-Zn),% _9______1@(3}:_6_4_._3_5': __________________
AT EGRE, ke s T s v S e e 8565 o .
.Income,Kr./t __.?'}ff-_’_?: _____________________________
0.Profit,Kr/t AT
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6.0re producfion ~

As above mentioned grade control is important factor influencing on economy of

the mine.There is another possibility to improve profit by ing;asing ore production.
According to production plan 1990-1992 (App.10),the increasing ore production

has been planned.When considering ore preduction it should be studied the change

of costs with increasing ore production by Break.even analysis(App.11).

The ore production plan and results of calculation are shown in table 12.

Table 12

Year 1989 1990 1991 1962 prognosis
Cre preoductien,t/y 497397 535000 545000 550000 575000
Ore grade,Z

Cu 1.45 1.35 1.35 1.35 1.35

Zn 1.86 1.87 1.87 1.87 1.87
Recovery,%

Cu 86.50 85.78 85.78 85.78 £5.78

“Zn 79.44 79.44 79.44 79.44 79.44
Inecome, NOK/t 217.16 207.81 207.81 207.81  207.81
Cost,NOK/t
Variable(e')=91.65 (App. 12)
Fixed(cg)=69.57
Co =69.57%497000=34.57 MNOX/y
Sum  cost,NOK/t 161.22 156.28 155.09 154.52  151.78
Profit,NOK/t 55.94 51.53 52.72 53.2¢ 56.03
Total income,MNOX/y 107.93 L 111.18 113.26 114,30  119.49
Total cost 80.13 83.61 84.52 85.00  87.27
Total profit,MNCK/y 27.80 27.57 28.74 29.31 32.22
Increment in production,Z 100 102 103 108
Change in costs,” 100 99 98 97

Increment in profit,% 100 1G4 106 116
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Table 12 shows that in terms of production plan 1990G-1992 increasing ore
production of 17 leads to increase in profit 2% by "lowering fixed costs.
Comparising the influence of ore quantity and ore quality on profit,it

can be found that ore grade increases 17Z,the increment in prﬁfit will be
changed by EZ(table 13).This means the ore grade has more influence con

profit than ore production.

Table 13
Ore production,t/y 535000 535000
Ore grade,Z
Cu 1.35 1.364
Zn 1.87 1.40
Income, NOK/t 207.81 210.47
Profit,NOK/t 51.53 54.16
A 100 105

—-——— e T T T T T e e e e e e e e e e e e e e e e e A e e e e e e o — — m e e s

The Break-even point of ore production at Grong Gruber is
34576000/207.81-91.65=0.3 Mt/y{see fig.4).It is noticed that reduction of
Break-even point leads to increase profit as result of combination of income

a«ffected by ore grade mined and costs estimated by ore production.
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Conclusions 36

The ore reserves of narrow and small orebodies have been estimated about 157
of total reserves.The ore production from these areas should be considered

in accordance with mine plan.

Mining Alttfnative with stoping size 2.5 m for narrow orebodies of B2 area
gives annual economical result 0.95 MNCK,compared with existing mining method.
The main mining methods are R&P for mining narrow and flat lying orebedy and
sublevel stoping for mining narrow and steep dipping orebody.Both methods with
using smaller equipments are more flexible and able to grade control.

Due to considerable variation in grade,analysis of profile is recommended.This
provides effective approch of evaluating mining narrow orebody to maximize

the profit by selecting unprefitable areas.
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Blakk fireal Cu In Tonn Tot Cu In
1 21 £5 16 1634% 3.95 0.97
2 ~30 2 88 2172 1.75  4.05
3 12 47 5 874 5.33 0.60
4 54 41 71 2650 1.13  1.94%
5 41 12 £3 2640 0.50 2.39
& 73 128 i 35 5548 2.49 .62
7 113 120 -8 7413 1.62 0O.11
a 17 17 1 1129 1,33 0O.11
9 31 39 2 2003 1.93  0.09
10 33 £6 2 2264 2.90 ©.10
PR RS TS AES S ST S S TP TSI ELEES LTI T DL L SLTDLIEIRDS RS L T L L5 58 S b A Sk
TOT: 42y 584 290 293227
GJ. 8N 1.39 .99
Waste roek
At L
_tf
| 2o 2,;
2z aqs 3
3 33 3.9
c 35 2.3
¢ 78 26
7 i3 .5
8 24 3 : _
g 3 Ty
10 92
- 324 11556
51683 113 56
At 2
2 7 &l
3 ! 142
. 3 N
3 4 g
I .
3 c 3
lo
2134
3!
31466 .85 .92

Spv
3. 83
3. 62

L

M

/S UN R 5 I Y I O A 9 N €9 [ SN g % |
(%]

(d
£
L

/5
J0
25

13
5




App., 4
e g |, == - ~
A Q{'—l
! - = — ki S = Section AA
50 Ap) | 7
i e —
b (Pacr) / f
B e ] EE——— / |
I |—— Comrnunicciion Shart Cpaning Roge  —- ..-" /l t
| /
I ¥ e = i el !/t l
y ;"
1.5m ff /
] [r— R \ , Drﬂllng ——— ! . - - Il'r":jf -
® IIIZfTi4~w¢MH — == i
MaASIoH | R Mining Crecion T ;T_T_;,. ) bf

Clery Hood

, e
I T
=

Crasscut

| ]
1
1 1——--...._ . !
: A e e
1 ! {r " : I [
r LE! ! Mo Lever
f T
sl 2L 8
I i > e 133
i1 H !
¥ 11 |
! i) bl ,
| El T : {
7, 3
| ot .
. 14m if I’I
| 1! ltl i
2 it L FErg
!f :ldm Vigl rr\L
| R ,J
: pi )l p- ‘l.
! P [ -ﬂ
[ — s : Cum Mg J,i.:aa.m R
i “_— 2 . .. -
E i/:’r .rf:,:,j ...-,- [T N Srmotsvamieare ety J
W, I B VE breg Erarea N
— e . M M Lgvel Boom Vi Chorgng Botng |
——— AT - i PO VA - Porciad Hors Crang !
i - Sctm v oo Dorrg

Flg. 2~ The sequence clogrem for raise mining.

Flg. 3— Zil rmning cs practiced ot Krstinecerg,



App. 5

LLunng Productlyity In ton per.manshil
= METHOO 30 _80_ 90 120 180
Cpen pit E - F2 ( [ i

Block caving | TImzamsl ||
_['_‘,‘,ﬁ,m”d ==

) ¥ ey | |
l

!

1

I

ISublavel
- [ Cutmanar il | - E
E&n;leod = ‘
Ortt-ano-til "[" l k
s!.amllz&d s
L

IIUnoefcut and |- =
{1 siabilkzeg 17T

Flgure 5 - Productlvity for ditlerent
mining methods

||
L

|
}
|
|
l
i

HNING |Operating cost 3 perton crude ofa
METHOO ! 3 8 12 15 18

|

rzemm

Cpan pit

SR

‘ |
Block caving | 1 IIZ=immIs u
|

[Hoom and
pillar 3
Syo-ievel | Il V.
| zaving |
TCut-anc-dil

| siabilixe
Dreth-ane-t0 | | ‘
pstagdized |

Undeicut and| | e et - |
Uil stegilizgn | 1 | ) e S = |

Figtire 6 — Qparating cosis lor ditfareal mining
meitiods

, | 'Mesterock dilution into cruda
LHNING [ ool oro losgses
THOO | io%, 20% 30% 40% 50% 60%

i Sy —ir.--— rey

wei:gl

| l

.
Iai neaving| | ] ]
oo ANd m; | | i I ;

itlar s e et
Sub-aved
caylng

Cut-and-lill |-:,z;.-:-__:
stapdlized —
Onn-and-iil
:uai"'&d

‘
umrwunm | |
L2 stabitized L |
T Wasla rock dllut!on into cruae ore
===t Orelosses

|
|
’1

i ) = pe=r!
i P 3 JI

Figurs 7 = Wasta rock dilution and ore losses for
differeat inining mothods, .

than Baliden's are used when planning

mine, this can thea result

N other muni

methods being referred @ for  instan
the CFAM  rechnique. Such  criteria  cou

be:

- opumum economic grofit when min

a mineral deposit

- winning of all mineralized mater

in the cepos:t, whether

it’s cre or

CFM metheds do normally have higr

cost per ton ore mined

compared W

other underground buik-mining methe
Anyway, these higher costs are well compe

sated by the twwo big advantages of

CFM methods.-

2.1 High “ore recovery - low waste dilu

The economic Conseguences

of these 1

fzctors have been well stressed in a pac

by Prefessor G, Almgren,

compiied

tne Nisliden_ symposium here ln Luied

1980,

In tnat paper, the iech nicue

for calcula:t

e "met-oresent-value™ (NPY) of an

ceposit, Is presented. By varying ihe ope
wng  Cosis, he wasi2 \,z.utmn factor

the ere recovery esc, o

methods, he eifect on ne .\P

cepostts can te siudied.

The impac: of we

5t il
loss i &n actual case, &0

a given scenaric. Figure 8.

Assuming n
ihe exd st"‘ﬂ mining meihod
where

this case that
1@ a new me:

an and of
caleulaied

by chane

the dilution and the ore

p«:r(:»= af,e will e reduced from 20
<o 16 %. the coeraung costs for e
mining methed can nen e &S much

75 % nigner han for the

sull resuiz in & higher NPV

It should be noted that:

i

oid methed
iop the €eple

a 25 % increase in- cgeraling cosis
substantial increase for

a new mei’

- a2 10 % decrease in waste <Ciluuon
a smail cecrease wnen changing [rom
buik-mining method to CFM. Possibly

% seems more realistic.

‘Beside the zbove mentioned

110

tages., some other advantages

the CFM metned.

'(
swo main adY
charactef

- The use of waste rock from develop
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EVALUATION OF

MIMNING NARROW AND NARROW FLAT LYING CREBODIES
These orebodies have been evaluated to be totally

about 450 000 tons. One basic assumption for the

min*ng nmethod could ke to usa in steeper parts some
applicaticn ef cut and £i11 =methed. The solectivity

af the mining is wvery inportant for the bhast

possibls econonical result. To control mining the

sludge drilling is recommended. If all the stopes

1ill he filled with waste rock from development
works, it can be seen that with the capacity of
50 000 ?ou (waste rock) it can ba filled 28 CCO
which gives ore 110 000 Lt and with the capacity
70 0G0 tra it can be £illed 39 000 m3 giving
150 000 ¢ of ore. With.ut having no detail planning
from these axeas, however, il can be considered
that the capacity of 1€0 Y00 tpa (ore) is

- e Y = mads 5
reglls8Tic,

33
Of —a

that this v,
2ll the ors mined out, 1
. !
is only 4 to 5 yeurs !

ne noticed
o achieve
of the aine

It should
necessary
life-time
Some dning ideas ave pressntad in app.
sonz information about small
ning equipuent from CutoXkumpu mines. However, it
no possibility to do any bigger investments. So
is recommended to build up sone applications
from old machines for instance for scaling. At the
nine thars is one Wagner ST2. At Xerettl mine there
is unused equipment as follows : = =

has bheen collected

-
-..1 e

., “
-

ri’ n

- Toro 200D price about 222 000 NOX

used 3 000 h

width 2 000 mm

height 2 250 mm o _ N o
length 7 540 mm ==

with safety canoby (no cabin)
~ Tamreck-Minimatic price about 175 000 NOX
pneumatic ,
2 bocms, 3.2 m long
E 400 drillers
width about 2 000 mm
height 2 400 mm
with safety canoby

These equipment can operate in a drift sized abdut
2,5 mx 3.0 m.
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PROBLEMS CONCERNED WITH FRAGMENTATION OF ROCK
Song Xiesotian

Beljing General Research Institite of Mining and

letallurgy, Beijing, China . .

ABSTRACT

In this paper, the problems concerned ‘raguentation of rock clasted ty ex-

blogive chargs are described, Mainly the influence of geological weakness du-

ring blasiing and the rinding index afifegted b blasting have been analysed
S ; =4 &

and Glscussed, also nathexzatical model of fragmentation is Eiven,

Influence ard Computer Sizulation

A

7. Problem of Yeaknss

w

Measurement al sits shouws that, there are three forms of the dimension dis-

tribution for cammon veak-surface space:

1) Negative index distritution the position of weak-surface ig rendom, that
is to say, the formations of Weak-surfaces are independent mutually;

2) lnifora distribution —- ir certain renge, the distribution densities of
Space size cof weax-surfaces are equal;

3) Normal distribution

most space sizes present, This distribution shows thaf; the formation of one

the average values of weak-surface space are the

weak-surface is related to the adjacent weak-surface,

The actual distribution of any sites is describegd ba;ed on the above-mentioned
distribution forms similar to the coabined distribution form. Fig. 1 is the ne-
gative index distribution of ¥eak-surface space in a limestons nine. This dis-
tridution form is popular.

Fere taking the negative index distribution for example, introducing three

dimension distribution of the weak-surface is derived with Monte-~Carlo computer



‘2. Relationshi p betwveen Grinding Index and. Fragmentation Degree

Usually, it is considered that, mining is only to supply desired ore to
minerel processing, no much attention is paid to the preblenm of improving the
crushing property of nmineral processing through inereasing Lhe i'ragmentation
degree of ore and reducing the ore strength in mining process.

In recent years, USSR has got research rasults on the influence of blasting
intensity on the fragmentation broperty of magnetite-quartzite. The ore block
is {ragmented by blasting, The Erinding efficlency of crude ore is increased

by 9-124 due ta the de velopuent of weak frectures raking the mechanical strength

of are reduced. In gddition, the cost and energy consumption of the complete

“Zx

fragmentation process of aining, crushing and grinding are enalvsed, providing
th

©
by

the bagis fer the completa iragzentation precess and the ressonabl

mining o

n order o find out the rs ationship between blasting intensity and erushing
property, we have done an evneriment in a tentalum-nicbium mine.

The test results show that, there is a change in the inner fracture of rock
sample belors ond efter blasting vith 45 g, 60 g end 75 g explosive charzes.

There is no cleer fracture blasted with 45 g charge, clearer fracture with €0 g

=

ters of fractures increase from 0.8 pleces/cm2 before blasting
2; blssting with 7% 3 charge, fracture numbers per centimeter
oOr per square centimeter considerably increase, S times ang 2.7 times respec-
lively more than befare blasting (See Table 5). The main difference for test
tetueen blasting before and after, is the distribution state of fractures
cnanged frcm branching to network, that is to say, the density and length of
fracture increase; simultareously, the width of the fracture also enlarged,
inereasing from 0,005-0.01 mm before blasting to O +04-0.1 mm. The microscope
observation result of the above polished section of rock sanple shows that,
increase of explosive amount can anlarge density and tensile of fracture, there-
fore inecreasing explosive consumption per unit ; higher blasting intensity can
reduce rock strength; it is favourable for secondary blasting at the working



face, natural fragmentation during haulage, as well ag crushing and grinding
al concentrators.,

In order to analyse the influence of plasting intensity on fragmentation,
the messurement of impact-crushing werk index was done for fragmental rock
vlasted by tnree different amounts of explosives. Sze Table 6. Tt can be seen
{roa Table 6, if we vani to reduce crusning work index considerably, blasting

ty must he inereaced. Increasing blasting intensity can reduce rock

th blasted, impsct-crushing work index and energy consumﬁnion of erushing,
and improving crushing efficiency.

iig relationship betuween different blasting intensity and grinding efficienecy

caleulation, blasting cost increases 0.384 yuan RMB/t, grinding
material and pouer consumption costs reduce 0.424 yuen RMB/t, 0.05 yuan EMB/t

saved for treating 1 ton of crude ore.

guertzite is carricd out vnder the conditions of different explosive'consumption
per unit. See Teble 8, Seeing from Table 8; ~60 mm particle size is the most
proportion in all 1he amount of Iragmental ore, when explosive consumption per
unit incresses to 2 kg/nB, -60 nm size increases from 56% to 69.3%. The amount
ol coarge size decreases from 11.6% to 4.1%; the average size decreases frou
81 mm to 57 ma, therefore, leading to accurance of large amount of weak fractures.
This mlcro-defect can play its role sufficlently in secondary and tertiary.
erushing end grinding., It ensures that, primary crushing efficiency inereases by
15-35%, secondary end tertiary crushing by 10~18%, grinding by 5-10%.

The presence of nicro-fracture is helpful to rock fissuring, That can not
only increase shovel efficlency, but improve crushing, grinding and metallurgical
resulis, Ses Table 9., (1)

The economic benefit for treating 1 million tons of ore can inerease 72900 Rbs

¢

by increasing explosive consumption per unit,
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Break-zven Analliszis 5

I mine dependgs UpPCn the ne-s
difference berwean income apg costs of Production.as
abovermentioned incone and costs 4re assumed te be

linear function of the Guntity of Ore roducticn.In
Y B

this case Break-Even analvsis ig greatly simplified
and RMathematical and graphjc Break-Evepn models gap
be Presented for the analysig of Profit,

Under assumption of linearity,the Pattersn of income

and costs “ill appear &85 in I1¢.8,The COsSts coneisge
of fixed ang variable Costs.Fixegqg Costs are Tepreseantegd
by line AF.The sum orf va@riable cost and fixed cost is
Tepbresgnced Dy line AY.Income is Tefresented by line 2 jr g
Legend Unit designation
Annual ere Production t/y A L
Incorme per ton of ora Production- =¥ v/¢& I
Anttual ilCome per vear v/iy IG
Fixed cost rer vear v/y €4
Yarianle COSt per ton v/t c!
Sum of fisnag and variahie costs v/iy o
Aunual profis v/ p
Thus o
Pe I-g,

(poins 3 Gcours when iines o7 and

"t B, T and OA=CO+C'A,solving far j-: o
.:'.T:CO/:O-C'
b i Cn (:3~C'; is Subnstituted for A in I=IOA,the income at
the Sreak—zven POLnt may he found, it is
I=I (c /I _-c")
y 0,209
LLnewlse,Lﬁ . . . - ; )
CQ/(IO—Q ) is Substituted for A in C=C_+¢ A,
the cost ag tie Bfeak-tTven FO1nt may e found, it 419

0] o
Suppose thar a Nine ig Oberating witn €csts-.of 10 v/ie, =
50% variaple Sbecifiec cest ig 5 v/t,arng 30%fixed cost
af S.lGCGOO=EGOOOO viy.

IO=245.0.9.0.02/0.22(l—).25)=15 v/t
The Break-Eken Point under these conditieons isg

A=CO/ IO-C'=SOOOOO/15—5=50000t/y
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If nG000 t/fy aras FeLryg Droduced, the annua: profit ig

P=(IO—C')A—CO=(15—5EFOGCC—iOOOOO=lOOOO@ vy
AnY change ip the iancome or the cost will affect the '
Break-gven poinc. )
If the variable cost ig reduced to 4.5 v/t by ‘using
mOre effective Mining method, the Break~Even boint
wWill be:

A= 500000/15—4.5=476OO t/y

At 60000 t/v,the annual profit wiill now he
P=(15—4.5)6000G~SOGOOO=130000 v/y

Thus up to lEOOOO~lOOOOO=BOOOO v/y.
IZ the Figag €Ost is reduced to 450000 v/v,the Break-Even
POinc will be :

A=450000/15~5=45000 t/v

At 60000 /¥, the annual profit P=(15~5)60000—450000=
10000 v/
LS a.effective approch far Yeducing the Break-Even boint,
tcnsicer a improving ore Guality that wiil make it possible
Lo increaga the ipcomne to 17 v/t,the Break-Zvan Point would be
1:500000/17-5r41700 t/y,and
P=(17=5}60000—500000=220)00 v/
Often 1+ tgo Possible tgq raduce the Break-Evan Point and
increase profit ag a result of combinaticn of income ang
Costs (i) .Therea are three Possibilities tao increase thre i
“roiit to he considered. The situations which will bring i
Fesltive profis are Characterized in follcwing‘manners,
see fig, o, *5
N
i>I C.=C.
{ ¢> 2. 2> 7%
P 41 =1 c.<c |
i 2 71 2< 1 |
e |
2<%y Cpi<qy !

ent situation ig giving index 2 and the changed situation
X
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28423 36960 (-22.10
354874 382756| -7.28
1.53  1.40 ‘ >
.22 .19 i
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1,76 1.731
.35 .25
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