
nt
Bergvesenet5t Postboks 3021, N-744I Trondheim




Rapportarkivet

Bergvesenet rapport nr

2414

Kommer fra ..arkiv

(kone Gruber AS

Intern Journal nr

Ekstern rapport nr

Internt arkiv nr Rapport lokalisering Gradering

Oversendt fra Fortrolig pga 1Fortrolig fra dato:

Norstaid AS

Tittel

Mining of narrow orebodies at Grong Gruber

Forfatter

Song Xiaotian
Dato Ar

Bedrift (Oppdragsgiver og/eller oppdragstaker)

Grong Gruber AS
Feb 1989

Kommune Fylke

Røyrvik Nord-Trøndelag

Bergdistrikt 1: 50 000 kartblad 1: 250 000 kartblad

19241 Grong

Fagområde

Gruveteknisk

Dokument type Forekomster (forekomst, gruvefelt, undersøkelsesfelt)


Jomafeltet
Jomaforekomsten

Råstoffgruppe

Malm/metall

Råstofftype

Cu, Zn, S, Ag

Sammendrag, innholdsfortegnelse eller innholdsbeskrivelse
Kopi av en rapport med 12 vedleggmed flere kopier av ymse fagrapporter.
Hensikten med rapporten var å se på lønnsome alternativer i planleggeing av drift på smale malmer, studere

gruvemetoder på slike malmer og å gjennomføre numerisk analyse av gruveprofilene for å øke gehalten fra de
dreven områdene.
Det konkluderes med at 15 % av de totale malmreservene er knyttet til smale og små malmkropper. For flate
malmer med mektigehet 2,5 meter benyttes R & P, mens sublevel stoping benyttes for malmer med bratt fall.
Store variasjoner i gehalt gjør at det anbefales bruk av profilanalyser for å vurdere å utvelge områder som vil være
ulønnsomme.

Laerr nriliairrrt•lar""



GRONG GRUBERA/S

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$


Mining of narrow orebodiesat Grong Gruber 1


$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

By

Song Xiaotian


February1990



Contents

IntrodUction 1
Ore reservesof narroworebodies 2
Mining of narrow orebodies 3

2.1 MiningAlternatives

2.2 Mining cost estimation

2.3 Applicabilityof miningAlternatives

Economicalinfluenceof rock dilutionduring the rest of lifetime
of the Mine 19
Miningmethods 20
Analysisof profile 23
Ore production 33

Conclusions 36



Introduction 1

Accordingto agreementthat this study is connectedwith Mine Planningof

narrow orebodyat Grong Gruber,themain themesof the work were

-to seek profitableAlternativefor miningof narrow and small orebodies.

-to studyminingmethod adaptedto conditionsof narrow orebodies.

-to conductnumericalanalysisof profileto improveore grademined.

A problemrelatedto ore productionwas also discussed.

•
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1. Ore reservesof narroworebodies

The ore reservesof narrowor flat lyingorebodieshave been estimated
by Tauno Manunen(Anevaluationof the operationand developmentprogram,
_1988).Accordingto this report,theore reservesand includedreserves

of narroworebodiesare as follows:

Ore reservesof Cu.E.>2.11%(t)

Total Ore reservesof %

Area narroworebodies

Total reserves(t)

Total Ore reservesof

narrow orebodies




294573 126808 30 638000 660000
B1 187872




1055000




E2 780897 213217 50 2305000 1100000
X 1751520 107153 20 10668000 440000
Total 3014862 447178 100 14667000 2200000

100 15 100 15

- It is noticedthat the ore reservesof narrowand small orebodieire about
15% of totalore reservesof Cu.E.>2.11%and dividedby area B2-50%,Y-30%
and X-20%.Withtaking into account15% proportionit has been estimated
ore reservesof narroworebodiesfor differentareas.

This results:

Y-660000t,B2-1100000t,X-440000t,Total-2200000t.

•
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2.Miningof narroworebodies •
2.1.MiningAlternatives

Mining of narroworebodieswere studiedfor area of Blocks27,26 and 25
-in every p-rofile.ThreeAlternativeshave been consideredin this study.
The first one is R&P with stopingsize 5*6 m2 and nonselectivemining
(Alt.1),thesecondis the same method with selectivemining(Alt.1')and
the third is R&P with stopingsize 2.5*3and nonselectivemining(Alt.2).
Rock dilutionhas been calculatedby comparisingthicknessof orebody
and stopingsize in everyprofile(App.1,2,3.).Theresultsof this calcu-
lation are presentedin tables 1,2,3.Thedilutionis closelyconnected
with thicknessof orebodyand stopingsize(seefig.1).
The resultsof analysisfor B2 area Blocks27,26,25are summarisedin
4,5,6,7,8,9Lables4-r;show that R&P with selectivemining(Alt.1')is much
betterthan with nonselectivemining(Alt.1),rockdilutionis decreased
from 33% to 9%.ForAlt.1' the main problemis the efficencyof selectivity
i.e. how much waste can be separatelymined out duringselectivemining.
The-actualresultsof miningmay be somethingbetweenAlt.1 and l' and
real dilutionlevelseems to be 9-33%.Itis also noticedthat by chenging
existingminingmethodwith stopingsize 5 m(Alt.1or l') to a methodwith
stopingsize 2.5 m(Alt.2),whererock dilutionwill be reducedfrom 9-33%
to 5% and mining cost for Alt.2 will be 25% higherthan Alt.1,theincrement
in profit is considerable.

Assuming10% annualore productionfrom narroworebodies,theannual increment
in profitof Alt.2 is 0.95 MNOK/y,comparedwith Alt.1'.Calculationalso shows
that applicationof miningwith stopingsize 2.5 m for Blocks27,26,25gives
total net presentvalue(NPV)4.19 MNOK duringthe rest of mine's lifetime.
Taking into accountthe total area of narrowand small orebodiesthe economic_
resultwould be increased.
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Table 1.
Block:2

Alt. 1(5*6m2)

Profile Ore in situ Waste.
-

. Ore mined Dilution--_ _ . . . .... _ .. ...-
-- -CU - Zh,%-. - t t Cu --Zn,Z Z

132 2b 2-q4s) -2.11 .73 1303/r 4 2CCj 1, . 66- 3/
27 ifIzq tc-9 1.23 26143 gt234 /. 1a •8.1- I
.28 218C8- 2..0 1.Te? 2045t? 422‘6 1.31 .92 4 

2 9 2101}1 3,72 122 23.rus 5-2605 2.0-5" 67 4;
36 3-14.44 1.99 1.45 2‘2.5-3 :F77.0.5" 1.32 .98 34 


• 31 43-6 1,1/4 2.311 32043 n492 1.14 /, 37 4/•
32 33“T 3.10 1.t3 rt 5-Via" '78 •‘S. 43 

33 3iZI 2,42 , .25 24141 5:4322 1,34 d. 


2 35 .3 / 244 13- 496ST i4 i at 4/ 


Sum 3 32/46- 2,30 I. 2‘" .2119.r.r" 5-4 4 e.s• /. 4 0 • .39

Alt. 2 (2.5*3m2)

	

62 26 234 zq.7722 2 09 .9z 1 

2? 	L(CIL	 e242 15-4 t,19 i 

2: _.3?07 zrns- 246 /6-2 IS-

	

2j Ili70 36.7111 2. (14 .99 2 I 

30 Isli sp 33 i, 9.3 1.41t 3 

3 i .344‘ 48-US /.tz 2. 1.1 

32 4qa 3t121 2.ic -. g9 / ; 

33 0 3cIn 2.42 .2-5

	

34 o 2424‘ -2.15- -.34--

sum 332leS 23o 2.3i61 .?51:2“ 2,34 /.17 1



Block: 2.4
Table 2
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Alt. 1(5*6 m

_- - -
Profile Ore in situ Waste - Ore mined -Dilution

_ _. _.
t --- Cu" - Zll, Z . t t Cll Zn,Z Z.

_-

132 20 
 3n1h, 2.65 •91 29 7.“ 6g-352 1,5-0 , 6--/ 44

21 
 469St zkl r.75 258.21 71906 1.80 142- 3‘

22 
 ro4t-3 2,12 1.94 19993- 34,44.? ts2 1.3c) 2E-

23 
 712g4 2,1 1.95- 2t3t I qtur (.5-5" t.gf. 15>

2ii 
 tePtt 2.2; I. 1if 1“1.2 kiloo I.?3 .94 tg
is. 3037z 
 3.q3 
 1.27 g2 eLoo51 
 2.14> ...?‘ Z4 _

sum 3eisn 2sI s".3 itief 43(.nr- -(„7 Log-





Alt. 2 (2.5*3 m2Y





å2 2o 





57-25' .44 230 .75 /3

21 





.3;c7: 4/ t6 3 2 •66 ")-




„22 





32(8- 5-372 1 1,97




23 





zT7r -74259 20g. 1,8'7




.21./ 





122,9 2.13 t 12_ 2

25- 





1383 -317S.5" 3.,76 
 /.21




sum 3073-3S 2.51 /43 I ?5:57 32-goi‘ 2.34






Table
Block: 24"

Profile Ore in situ

t C-u

Alt. 1(5*6m2)

Waste

Zn,r - t
_ Ore mined

- t - - Cu Zit,%.

7

Dilution

%




3Jj 135-23 2 .II 43 
 is483- 1,H .fl )4




jit 3-26.3i 123 .6:5" 2Iif fit.3,1 1.30 .4‘ 29




12.Id o 2.q




pl1, 499 it 1,2g- ,24 -56




 J -25379 2 .25 Sp jit 3283".9 1.78 .35 2.2-




	 ij 22-948 zo4 ,2? Lo2n 33i34 h?, •It 32




4174 
 4/4




fldzI eil.29 
j24 .51 _ _23




 13 21327 til t y9 z2.25-6 sig 413 1./3 43




27q(4 2.4-4




/2.1 d 311442 44z .41 31





Alt. 2 (2.5*1 ffl2





Di- li 






.735-27 2.11 .41






L69 o 
 f4 325 1.tt  .63 3

tr 





5125 2H8.5 
 2.31 .44 20
16 





Tio 24411 2.21 n 3
11 





0 22948 2,oli




I 





.-ojffet




1.14 •






34 31466 (3.5- .92 f

Sum z?.57“ 2,40 .60 04n tf4z41 t q8 .51 4



Table 4 (810ek 27 Alt.1)

19.90 -
TALLENE KNYTTET OPP MOT REGNEARK
KONTRAKT BUDSJETT IMR-OG SIR

_
Kr/tonn Kr/kg %

230 -.
- 3451_ .15,00._ _.1100 _

PLAN GRONG GRUBER A/S

MALMVERDI/PRODUKSJONSKOST
_ .

CU - Metallinnhold i konSentrat

	

:"- Bruttoverdi 1000 kg-kons. --‘_




-tradrab smelteverk -.2. '' -. -1028 --.4.47 28 73




Cif-verdi ___ ----2423- - 10,53. ___::_70,21 .




Sir 308 1 34 8 92




Verdi ab Joma Cu-innhold 2115 9 20 61 28

AG Bruttoverdi 274 1,19 100




Fradrao smelteverk 41 1S ,...,
- Cif-verdi 223 1,01 85




Sir 0 0 0




Verdi ab joma Cu-innhold__ 233 1 01 85

CU -eAG Verdi ab Joma
._ _ ___

-- 2348 - - 10.21----




ZN Metallinnhold i konsentrat




450




Bruttoverdi 1000 kg kons. .._4572 10,16 100




Fradrag smelteverk . 1596 .:..J., 34 80




Cif-verdi 2976 6,61 65,-10




Sir - 261- 58 5 71




Verdi ab Joaa Zn-:--i-nnhold -- 2715 6 03 59.39 --

'

RAMALM T CU ZN.- PG gr.
-6-44'054 	 101/0 ,fg 


ge,c, Å Q.1.4e41)
tSTO - .2
2

2 2 2 

20.0

6-44-

PAGANGTONN
UTVINNING %
MPLM TONN 

VONSENTRAT % -
KONSENTRAT
PG oram or. 1 tonn konsentrat
ANTALL KG AG

MALMVERDI:

_

CU: D33*D11/C31*1000

AG: F37*018/C21*1000

ZN: E331-028/C31*1000

MALMVERDI

TOTAL PRODUKSJONSKOST JOMA 172680+9000-1800)/535=

FORTJENESTE PR. TONN RAMPUI

I t (Appt0
- c.03

£NULL!



Block 27 Alt.2

19.90 .
'PLAN WEG GRONG GRUBER A/S

MALMVERDI/PRODUKSJONSKOST
. .

CU Metallifinhold i konsentrat

TALLENE KNYTTET OPP MOT REGNEARK
KONTRAKT BUDSJETTe-OG SIR

slo
_

Kr/tonn Kr/kg %
230




Bruttoverdi 1000 kg kons. .--__.
. •- .-

Fradrag smelteverk _.
3451

- 1028
15,90.:. -__-. 100• ._
4.47- 29 79

_



Cif-verdi — - --.-2423 10,53. __::_70,21 ..




Sir 308 1 34 8 92




Verdi ab Joma Cu-innhold 2115 9 20 61 28




AG ' Bruttoverdi 274 1,19 100





Fradrao smelteverk 41 18 su





Cif-verdi 233 1,01 85





Sir 0 0 -




Verdi ab Joma Cu-innhold 233 1.01 85





_ . . ._ _





CLI AG Verd i ab Joma -- 2348 10.21--




Zbl




Metallinnhold i konsentrat




450





Bruttoverdi 1000 kg kons. 4572 10,16 100




- Fradrag smelteverk 1596 3,55 34.90





Cif-verdi 2976 6,61 65,-10





,Sir - 261 58 .,71





Verdi ab Joma Znjinnhold -- 2715 6 03 -- 59.39 --





RAMALM T CU ZN AS gr.

PASPNG TONN 6-..s2 56 2,111 417 

UTVINNING % . 1,3:Co

MALM TONN ‘vegh
KONSENTRAT Y. 2 3 

KONSENTRAT 2 “ 	 M /

II, PG ram r. 1 tonn konsentrat
PNTALL KG PG

2cc •
s 3

MPLMVERDI:


CU: D33*D11/C31*1000

PG: F37*D18/CZI*1000

ZN: E3341.028/C21*1000

MALMVERDI

TOTAL PRODUKSJONSKOST JOMA (72680+9000-1800)/535=

FORTJENESTE PR. TONN RAMALM

it it


16.;c1

52.4 


2 47,3.9


149.fti


if-18

ENULL!
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Block:







Alt. 1(5*6m2)






_




Erofale Ore 1n satu




Waste _Ore mined _ Dilution




 Cu Zn,%




- Cu Zn,% Z

13/oc4c 2 f 
 3 32/05- 2.30 /.23— zuter .5-440.1-4 t 40 7-6 3.9
26 
 301.5-38' 1.51 1.53 jzillef 43k5:25- / 11 1.0 ? 30
2 5. 2-zsiu 2.40 - .to J 21‘7‘ 3qz442 142 . 4 / 3 i

Sum 1/5443 2.40 1. - 4,52P5) /3 Ftd2.1 1,63 • .33

Alt. 2 (2.5*3m2)

Bioac 25 1316/ 35-541 2, /3-7

2‘ Its-st 32o, s 2.3 

.2‘• P 44.244 


Sum q1S4 0,5 .2.4 ir (219 7 94.7‘4 2.21 44



Table 6(31.27,26,25A1t.1) 11

'PLAN
19.9o

GRONGGRUBERA/S

MALMVERDI/PRODUKSJONSKOST
- ._ .

TALLENEKNYTTETOPP MOT REGNEARK
KONTRAKTBUDSJETTIWOG SIR

ife

_
CU Metallinnholdi konsentrat

Kr/tonn __ Kr/kg
-220




----Bruttoverdi1000kg kons. - 3451 .15,00_ •100-




-Frabrag saelte-verk- '_, r1028 .4.47 29 79




Cif-verdi ----2422. 10,53. 70,21.-




Sir 208 1 24 8 92




Verdiab Joma Cu-innhold 2115 9 20 61 28




PG Bruttoverdi 274 1,19 100




Fradraosmelteverk 41 18 15




Cif-verdi 222 1,01 85




Sir 0 0 0




Verdi.abJoma_Cu-innhold_ 222 1,01 _85




__ . _ . __
II, -CU+ G Verdiab Joma .__ ___

— 2248 ---10.21----




iN Metallinnholdi konsentrat




450




Bruttoverdi1000kg kons. 4572 ._10,16 __.100




- Fradragsmel-teverk 1596 3.55 24.90




Cif-verdi 2976 6,61 65,10




Sir - - 261 58- 5,71-




Verdiab:JOM-a-Znj-innhold 2715- 6 02 59.29--




RAMALMT CU ZN AG gr.
P4E1GANGTONN D2 1.55




UTVINNING%
MALM TONN
KONSENTRAT%
KONSENTRAT
AG oram r. 1 tonn konsentrat

111-
ANTALL KG AG

- 


2


1 4

MALMVERDI:

_

CU: 022*D11/C31*1000 124.3-3

AG: F37*D18/C21*1000 si
ZN: E221.028/C21*1000 21,fk 

MALMVERDI I ‘9.t5 

TOTAL PRODUKSJONSKOSTJOMA (72680+9000-1800)/535= 15-1.It 


FORTJENESTEPR. TONN RAMALM FI

£NULL!



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

PLAN W99 GRONG GRUBER A/S

MALMVERDI /PRODUKSJONSKOST
. _ .-

CU-- Metallinnhold i konsentrat --

TALLENE KNYTTET OPP MOT REGNEARK
KONTRAKT BUDSJETT 1111W:OG_SIR

ghe_,
_

Kr/tonn Kr/kg %
- . 220




Bruttoverdi 1000 kg kons. -- 3451 15,00...- __ . 100 _




Fradrag saelteverk I 1028 4,47 29 79




Cif—verdi --- - ---2423 10,53. __".-_70,21 :




Sir 208 1 34 8 92




Verdi ab Joma Cu—innhold 2115 9 20 61 28




Bruttoverdi 274 1,19 100




Fradrao smelteverk 41 18 15




Cif—verdi 233 1,01 85




Sir 0 0 0




Verdi ab Joma Cu—innhold -D-7.7
......,, _.1.01 85
. . . _ .





CU AG Verdi ab Joma -- 2348 10.21--




ZN • Metallinnhold i konsentrat




450




Bruttoverdi 1000 kg kons— 4572 10,16 100




Fradrao smel-teverk 1596 3 53 34.90




Cif—verdi 2976 6,61 65,-10




Sir 261 .58 .,71




Verdi ab-Jama Zn:innhold -- 2715 6 03 59.39 ---




RAMALM T CU ZN AG gr.
PAGANGTONN 40
UTVINNING % - QP.d6.3	 72,2c
MALM TONN '.23 ta 
KONSENTRAT % 24_
KONSENTRAT i 9C 2 4
AG oram r. 1 tonn konsentrat
ANTALL KG AG

MALMVERDI:


CU: D33*D11/C31*1000

AG: F37*D18/C2I*1000

ZN: E33*D28/C31*1000

MALMVERDI

TOTAL PRODUKSJONSKOST JOMA (72680+9000-1800)/535=

FORTJENESTE PR. TONN RAMALM

2.00 


f 471 .

/to.5 3

/ 6.43- 


45:18 


.242.71 

ora,
knic+.•• ,9t...C.0

£NULL!



• 19.9o
1,LAN WEE  GRONG GRUBER A/S

MPLMVERDI/PRODUKSJONSKOST

Table 8(81.27,26,25Alt.2) 13

TPLLENE KNYTTET OPP MOT REGNEARK
KONTRAKT BUDSJETTIOROG SIR

`41C

-

Cl1 Metallinnhold i konsentrat
-- Bruttoverdi 1000_kg kons. --

- Fradrag sme1teverk
Cif-verdi

Kr/tonn

	

--- 3451

	

- -1028
----2423

Kr/kg

	

230 -
-.15,p0___

4 47
. 10,53. ___:-

_
%

. 100
29.79
70,21

_




Sir 308 1 34 8 92




Verdi ab Joma Cu-innhold 2115 9 20 61 28




AG Bruttoverdi 274 1,19 100




Fradraa smelteverk 41 18 ,...




Cif-verdi 233 1,01 85




Sir 0 0 0




Verdi ab Joma Cu-innhold_
_

233
._

1 01 85




._ _ ___






. --.4:-AG—VerciL-ab6.1 Joilia -- 2348 ----10,21





ZN Metallinnhold i konsentrat




450





Bruttoverdi 1000 kg kons. 4572 10,16 100




Fradrag smelteverk . 1596 3 55 34 90




Cif-verdi _ 2976 6,61 65,-10




Sir - 261 58 5 71




Verdi ab Joma Zn-linnhold -- 2715 -6 03:--- 59.39 --





RAMPLM T CU ZN .




AG gr.
PAWING TONN ..96 P .2 1.0.




UTVINNING %




a




o




MALM TONN




o





KONSENTRPT %




2





KONSENTRAT




2 4 3




AG ram r. 1 tonn konsentrat - 2.0 0 -

ANTALL KG AG / .5--8

MALMVERDI:

CU: D33*D11/C31*1000 ig9.27

PG: F37*D18/C3I*1000 1132

ZN: E33*028/C31*1000 47.4‘

MPLMVERDI




TOTALPRODUKSJONSKOSTJOMA (73680+9000-1800)/535=

FORTJENESTEPR. TONN RAMPLM

169.4I

14

£NULL!
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Table 9 MiningAlternativesfor Blocks 27)26 and 25

Ore in situ




Tonnage,t 915409




Ore grade,%




Cu 2.40




Zn 1.15




Averagethicknessof




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




Dip of orebody Generally-flat and steep dippingin some places

Alt. 1 1' 2
Miningmethod R&P with nonselective R&P with selective R&P with




mining mining(degreeof


selectivity80%)

nonselective

mining
Drift size,m2 5*6 5*6 2.5*3
Ore mined





Tonnage,t

ore grade,%

1378027 1007933 967606

Cu 1.59 2.17 2.27
Zn 0.76 1.04 1.09

Waste rock mining,t 0 370094




Rock dilution,% 33 9 5
Recovery,%





Cu 86.50 90.63 90.63
Zn 69.35 72.20 72.20

Specificincome,NOK/t 169.89 242.76 254.05
Annualore production





_from narroworebody





-10%,t/y 53500 53500 53500
Total incomefrom

narroworebody,MNOK/y 9.089 12.987 13.592
Specificcost,NOK/t 151.18(1) Ore:151.18 169.41(3)




Waste:86.55(2)





Ore:waste=1:0.37






15

Total cost,MNOK/y 8.088 9.801




9.063

Total profit,MNOK/y 1.001 3.185




4.529

Differencein profitsof




Alt.1' and 2,MNOK/y




1.344




Investmentof Alt.2,MNOK/y




0.3 97(4 ) -

Incrementin profitof Alt.2

comparedwith l',MNOK/y




0.95




Net presentvalue(NPV)during

the rest of min's lifetime-




5 years,MNOK 3.11(5) 9.90




14.09

Differencein NPV of





Alt.1'and 2,11NOK




4.19




72.94+45.02+33.22=151.18

Cost of waste=Min.,cost -,Crushingcost+Indirectcost=72.94-3.0+0.5*33.22

=86.55

(3)Min.cost of Alt.2 is assumcd25%more than 1.

1;25*72.94+45.02+33.22=169.41

Cost?f second-hand Toro 200D and Tamrock.Minimatic=0.222+0.175=0.397MNOK/y

NPV= 1.001_ (App.8)
2:
0, (1+0.1)5



2.2 Nining cost estimation

Vinimg cost of Alt.2 wIll be increased compared w4th Alt.1 due to increase

in frex=ntation cost and using small equipment.According to reaserch ef

optimization of rock fragmentation carried out by Dan Neilsen(Int'ernatlonal

Mining Oct. 1986),the frdgmentettiondegree is closely connected with costs

of drilling and blasting.Supposing increment iincosts of fragmmntation by

502 onOio2 load1ng -30170,1dLe1otal cost:is shown in table•

Custs,NO.Y./t Incremene dn costs,=1/t

Drilling 10.04 6.02

Blasting 4.39 :30

Loading 2.23 30
CLhers 51.23 5.12 10
1otal •6.1 16.66117.82:,6d. - fl


11h1steble zows that the minins cmet of Alt.2 is 1.2 timms of Alt.i.

A 20-21,1;increase in rainin3cest ds a sebstanelal incromse for Alt.2,wnich

cen for cost esLiootion.It js,ls==,es0e0tc.:1 thct oro croshihc

cests o-oedireoL:_»,222Y.(- fe'enic--n. Tibe

010. Letween crush re fregme tjcn d1a,mtedmas

studled(11eport:Prob1= come)'r fra:•Lation of dock,sem
App.91.Aceoddng to this reporm the incrcd power factor from 112 kg/e13

to lcads to decrease fraementation sise from C1 mm to 57 mm,and


consenquently,to inerease creshing effienov by 15-252 and griding by 5-1011.

The above mentioned SwedIsh research prolect also indientes the equality

of overieldcosts at power factors between 1.2 and 2.4 sr 3


2.3.Amplieebility of mining Alt.

Both Alt.1' and 2 offer close profit,if Alt.11 has high selectivity and

Alt.2-low costs.Alt.1' has advantage of application of existing equipm.ent

which can be adapted to less complicated conditions of orebody.Alt. 2 is

method suitable for mining thinner orebody with complicated boundary.

The applicability of these tro Alt, is dependenfon mining cost and

efficency of selective mining.The increment in mining cost of Alt.2 is

presented in table 10.

16
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Table 10

Incrementin Min.costof Alt.2





comparedwith Alt.1',% _ 10 25 35 50 60

Spcificcost 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

The efficencyof Alt.1' is concernedwith degreeof selectivityas shown in table

11.

Table 11





Degreeof selectivity,% 90 80 70 60 50

Ore mined






Tonnage,t 961671 1007933 1054192 1100456 1146718

Ore grade,%






Cu 2.28 2.17 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,MNOK/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

_Tables10 and 11 show that the profitof both Alt. appearedto be approximately

equal for certaindegreeof selectivityof Alt.1'and mining cost of Alt.2.

It also shows that when degreeof selectivityof,Alt.1'is about 70-80%,theAlt.

2 is more profitableon conditionthat the mining cost of Alt.2 is within 1.4 -

1.5 timesof Alt.1.Inotherwords the applicabilityof Alt.2 is limitedby mining

cost less than 1.5 timesof Alt.1 for givingcircumstances.(seefig.2).
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193. Economicalinfluenceof rock dilutionduring the rest of lifetime
of the.mine

Economicalinfluenceof rock dilutionis of additionalcostsof mining
and dressingof the waste rock.Theeconomicalsignificancecan be studied
by calculatingnet presentvalue(NPV),thatis the presentvalue of all_ _
the yearlycash flowsduring the rest of mine's lifetime.
Calculation

Discount 10%




Alt. 2 1
Dilution,% 5 33
Ore productionof narrow

orebodiesKt/y 53 53
Productionstage,y 5 5
Miningof waste rock,t/y 53*0.05=2650 53*0.33=17500
Total cost,NOK/t 187.65 151.18
NPV of additionalcosts 5 5
of miningwaste rock,MNOK 2650*187.65 
 _;:)_17500*151.18


0 5(1+0.1)  0
(1+0.1)5

=1.55. =8.23 ..-
5

2: 1
1 i 1 1 1

0 1+- 2 3 4 5(1+0.1) (1+0.1) (1+0.1)(1+0.1)(1+0.1)(1+0.1)

=3.11

_Differencein NPV,MNOK 6.68

As shown in the calculation,the cost of miningwaste rock for Alt. 1 is
clearlyhigheras comparedwith Alt. 2.The differencein NPV betweenAlt.
1 and 2 is 6.68 MNOK during5 years.Withno discountthat means difference
in additionalcostsof 2.65-0.50=2.15MNOK pei year duringthe rest 5 years
lifetime.Itis obviousthat the most importantfactor influencingin economy
of miningnarrowveins is to keep rock dilutionlow.



Li, Ninins methods 20

According to conditions of Grong Gruber,the R & P,system is the most suitable

method for mining narrow and flat lying orebodies,and sublevel stoping with

accurate drilling can be successfully used for mining.narrow and stcep dippins

orebedies.Both methods are more flexible pnd able to follow irreqularities

in the boundary of orebody.In every profile it should be studied the minimum

scoping area to minimize waste rock mining.

Cther mining methods as stoping with usins monorails,haise mining and hill

mdans can aIsc:he censidcred for mining narrow orebodies(App.4).

fhe two min3ng meihods and corresponding mining equipmenes adaeted to narrow

orabodies of Grong Gruber are listed below:

stem

mechanical conditices of rocicsand stable hanging wall,the ROP

cevipmeats(2.53 m2) are effecti7e mathcd fur harrce,fiat.

; ag parts of pillars and forming big room during

i-ated that in area big spens caa be allewLd for adn5ng nerrem:

h:ga racevere and im::-:Imandilution.Gn basIs of streds me;:sure=rt

1 li:cveasadfrom 5 m to 10-12 m,the dimendion of pillar

.e. 7.5* 0-in this case the ora losses wii] bd decreased from 22I,;

idg of narrow orebodies with steep dipping

Cambeion of boundary drill holes for presplitting and central holes for

fragantation is peoposed for mining of narrow end steep dipping orebodies.

(sen fjg3),I'hisnethod with presplitting will previ'dethe minimun st.opingwIdth

and mInim've cverbreak of waste rock by careful blesting techdigues.

Presplitting blasting involves drilling a row of closelv spaced holes along

the stoning boundary and drilling a row of norm.allyspaced holes in the central

oI stooes.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:

Hole diameter,mm Spacing,m Explosive charge,Kg/m

31-45 0.25-0.45 0.1-0.4
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34Miningequipments

It is recommendedto buid up some applicationsof second-handsmallmining
equipmentfrom Outokumpumines.Theyare:

-Toro200D
Width. m

Height2.25 m

Length 7.54m.

_Tamrock.Minimatic

2 booms,3.2m long

E 400 drillers

Width 2 m

Height2.4 m

-MicromaticH-IO2

1 boom

HE 322 drifter

Width 1.2 m

Height 1.5 m

Drills31-45mm holesup to 3.3 m in length

The hole diameterfor variousminingmethodsare shownas follows:

Hole diameter,mm Miningmethod

31-38

45

57

Driftand R&P

Drift and R&P

LH stoping

for narroworebodies

for thickorebodies

of pillars76-89* Mass blasting

*-canbe drilledwith existingequipments.
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5.Analysis of profile

In order to control ore grade it is necessary to analyze every profile in every

Block based on the following princeple:Every ton of cre mined shall normally

have en ore value not lower than its total costs,and expect to return a profit.

At times unprofitable rock is mined for other reasons,which are due to minixg

sequence and requirements of mining methods.

The analysis of everv single profile of Block 27 is done by summa sing the

tonnage in both Cu and ln categories.

Analysis of profile includes tonnage and grade distribution in situ,thickness

and dip of orebodies,miring methods,dilution,recovery,tonnage and grade of ore

mined and also costs,Income ond profit.It is noticed that in the mineable

reserves will he included only profitable areas,which give the best possible

cash flow in dependence with current price and real cests of various mining

=thods.This analysis makes it possible to maxmize the profil bv selecting

unurof-ifab'earea.

Considering Profile 25 o5 Elock 27.

The profft of 6 small blocks can be calculated,according to current price

and real costs instead of using ayerage cost,which depend on mining methods.

lf unprofitable block are not encluded,the ore grade mined will increase

from 2.09-0.92 to 2.29-0.94 and corresponding increment in profit will reach

to 17,08 NCK/t.The total increment in profit of this profile is 0.46 fiN'OK.

From above analysis can be seen that the exclusion of unprofitable area will

give considerable econcmic effect,if mining sequence and technical requirments

are satisfied.
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Block:27
Profile:82 2,‘

1.Tonnageand grade

Zn,Z
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Block:2
Profile:132 2,7

l.Tonnage and grade




Cu,%

 1.

Zn,%


<1.0 1.01-2.0

le94zts/..q3

2.01-3.0 >3.01 Total Remark




<1.0 p=_ 4 3/4 -






svs-6-,61-titizcg-. bt- 2,/4




33-4-0T-Sr3-1.0
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Wotal
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4.Miningmethod and Equipment

3i(11-:.5s.g)

.17
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6.Rockdilution,%
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10.Profit,Kr/t
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Block: 37
24?

1.Tonnageand grade

" Zn,Z

Cti,Z

l<1.

:1.01-2.0

>3.01

1 

1
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. .
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Block: 2/

Profile:/32 30

1.Tonnageand grade

Zn Z
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1.Tonnageand grade
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Block: 2 7-

Profile:RZ 33-1.Tonnageand grade

Zn,%
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6.0re product'ion

As abovementionedgrade controlis importantfactorinfluencingon economyof
the mine.Thereisanother possibilityto improveprofitby inCeasingore production.
Accordingto production-plan1990-1992(App.10),theincreasingore production
has been planned.Whenconsideringore productionit shouldbe studiedthe change
of costswith increasingore productionby Breale.evenanalysis(App.11).
The ore productionplan and resultsof calculationare shown in table 12.

Table 12

Year 1989 1990 1991 1992 prognosis
Ore production,t/y 497397 535000 545000 550000 575000
Ore grade,%






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 85.78
Zn 79.44 79.44 79.44 79.44 79.44

Income,NOK/t 217.16 207.81 207.81 207.81 207.81
Cost,NOK/t






Variable(c')=91.65






Fixed(c0)=69.57






C0 =69.57*497000=34.57MNOK/Y






- cost,NOK/t 161.22 156.28 155.09 154.52 151.78
Profit,NOK/t 55.94 51.53 52.72 53.29 56.03
Total income,MNOK/y 107.93 , 111.18 113.26 114.30 119.49
Total cost 80.13 83.61 84.52 85.00 87.27
Total profit,MNOK/y 27.80 27.57 28.74 29.31 32.22
Incrementin production,%




100 102 103 108
Change in costs,%




100 99 98 97
Incrementin profit,%




100 104 106 116
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Table 12 shows that in terms of productionplan 1990-1992increasingore

productionof 1% leadsto increasein profit 2% by'loweringfixed costs.

Comparisingthe influenceof ore quantityand ore qualityon profit,it

can be found that ore grade increases1%,the incrementin profitwill be
changed by 5%(table-13).Thismeans the ore grade has more influenceon

profitthan ore production.

Table 13

Ore production,t/y 535000 535000
Ore grade,%

Cu 1.35 1.364
Zn 1.87 1.90

Income,NOK/t 207.81 210.47
Profit,NOK/t 51.53 54.19

100 105

The Break-evenpoint of ore productionat Grong Gruber is

34576000/207.81-91.65=0.3Nt/y(seefig.4),Itis noticedthat reductionof

Break-evenpoint leads to increaseprofitas resultof combinationof income

affectedby ore grademined and costs estimatedby ore production.
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Conclusions 36

The ore reservesof narrowand small orebodieshave been estimatedabout 15%

of total reserves.The_oreproductionfrom these areas shouldbe considered

in accordancewith mine plan.

MiningAlternativewith stopingsize 2.5 m for narrow orebodiesof B2 area

gives annualeconomicalresult0.95 MNOK,comparedwith existingminingmethod.

The main miningmethodsare R&P for miningnarrow and flat lyingorebodyand

sublevelstopingfor mining narrow and steep dippingorebody.Bothmethodswith

using smallerequipmentsare more flexibleand able to grade control.

Due to considerablevariationin grade/analysisof profileis recommended.This

provideseffectiveapprochof evaluatingminingnarroworebodyto maximize

the profitby selectingunprofitableareas.

•
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App.1 Block27

Malmberegning 24/11/89

	

Profil:-B2 26 ,.






Blokk Areal Cu Zn tonn Tot CM Zn -Spv L,m t,m

1 49 31 55 4341 0.72 1.26 4.43 4.C. 2.9

2 40 9 24 2712 0.33 0.88 3.39 tit 3.i

3 31 48 -... 2523 1.92 1.2t 4.01- 8.4 3,q
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Nalmberegning 24/11/89

Profil : B2 27
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9ÂL . J .93 4.17

	

1.52 3.20 4.29

	

2. 39 1.62 3.91 _
G. 8/ 1. tl- 4. 0/

	

1.76 0.40 3.79

	

2.31 2.15 4.08

	

0,88 2,16 3,55

	

6.94 0.53 3.98

	

2.04 0.09 3.15

	

1.34 0.14 3.18

	

3.19 0.84 3.56 .
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Malmberegning 27/11/89

Profil: 82 28

Blokk Areal_ Cu Zn Tonn Tot gu Zn Sov G t

	

I 28 31 2 2240 1.40 0.07 4.00 /2 L3

	

0 37 21 143 3278 0.63 4.36 4.43 /f 3.4
...

	

-. 3 i8 27 11 1519 1.76 0.73 4.22 a /S

	

4 40 90 20 3096 2.91 0,66 3.87
f 8.0- -

	

5 21 29 -90 1852- 1.59 4.8b 4.41_.
4 r.3 -

	

6 70 265 60 6034 4.40 0.99 4.31 23. 3.0

	

7 18 60 7 1318 4.59 0.55 3.86
/2 /-5

	

a 35 29 ce

	

552471 1.19 2.21 3.53 23 /•5"
*********************************************************************

	

TOT: 267 552 388 21808 162
GJ.8N:

	

2.:53 1.78 4.v8 2.6

3

vvask rocK
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12 1,0 fol3
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Malmberegning 27/11/89

Profil: 82 29
Blokk Areal Cu Zn Tonn Tot Cu Zn Spv1 27 33 8 2192 1.92 0.35 4.062 27 24 4 1906 1.27 0.20 3.533 8 11 18 678 1.66 2.59 4.244 99 317 67 7484 4.23 0.89 3.78

5 60 -241 26- - - 4260 5.65 0.61 3.55-
6 - 55 131 90 4631 2.82 1.95 4.217 27 64 70 2295 2.79 3.04 4.25a 75 258 70 5595 4.61 1.26 3.73*********************************************************************

TOT: 378 1079 353 29041
GJ.SN:

j.i2 1.22 3.b4 -

23 3.4

22.

.3,1

v io..s.+e rocx

2

3
8

gooy


8)og


5-724

3f3a

23ra

2.4F ‘1

24 1,2 tqlf 5

	

1,6 3r77
Jo- 2,0 2r44

2.94 .11



Maimberegning 20/11/89

Profil: B2 30
Blokk Preal Cu Zn Tonn Tot Cu Zn Sov

	

1 126 112 20 10710 1.05 0.19 4.25

	

2 64 26 176 5440 0.47' 3.23 4.25

	

3 48 22 110 4090 0.55 2.69 4.26

	

4 20 35 4 1516 2.30 0.25 3.79

	

5 17 19 51 1404 1.38 3.61 4.13

	

6 39. .23 97 3003 0.76 .3.22 3.85.

	

7 16 - 8 41 1325 -'0.62 3.09 4.14

	

8 22 56 18 1663 3.37 1.09 3.78
9 __ 56 205 33 4514 4.54 0.74 4.03

	

10 7 17 1 458 3.81 0.18 3.27

	

11 17 105 5 1510 6.93 0.31 4.44

	

12 111 258 126 8281 3.11 1.52 3.73

	

13 cc __

	

.J.J 84 4 3542 2.37 0.11 3.22

	

14 57 ...5 77 3990 1.37 1.93 3.50
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kialmberegning


Profi1: 82 31

21/11/89

... __




.




Blokk Areal Cu Zn Tonn Tot Gu- Zn Spv I. t

1 47 34 62 4324 0.79 1.43 4.60 26 les
2 98 54 256 8389 0.64 3.05 4.28 17 ,48




36 38 167 3190 1.20 5.23 4.43 i4 25
4 19 33 -_ 5- -1383 2.37- 0.38 3.64




7
j 19 ' 10 4 1330 - -0. "/;.- 0. 21 3. 5.0 7 -2.7
6 60 59 214 4560
 1.30 4.70 3.dO 15' 4
7 35 20 101 2/6J 0.7E 3.64 3.9n 20 I.
8 17 67 3 1282 5.26 0.21 3.77 / 2.4
9 24 24 36 1752 1.35 1.8J 3.65 10 2.4
10 88 179 128 6213 2.88 2.06 3.53 24 34
11 R 165 16 ,_,.., 1.1E 0.,1 3.63 il 2.5
12 51 123 17 3448 3.73 0.50 .1.30 /c 3.4
13 70 /4 62 4680 1.5/ 1.33 3.3J 24. 2.e.
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Malmberegning 21/11/89

Profil: B2 32

_ Sov

Blokk Areal Cu Zn Tonn Tot Cu Zn

	

1 59 70 32 5098 1..37 0.63 4.32

	

2 37 25 88 2945 0.84 2.98 3.98

	

3 32 53 26 2928 1.80 0.87 4.59

	

4 38 -24 -79- - 2934- 0.81 2.69 3.86

	

5 18 102 2. 1387 _- 7.50 0.1/

	

63 230 --
 //

	

11 - 4649 7.10 0.24 3.69

	

7 196 450 146 14034 3.21 1.04 3.ba*********************************************************************

	

TUT: 4431054 384 33955bJ.SN:
3.10 1.13 3.83

4
 "t
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/3" 2 .5-
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/5-_ ri
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1S2
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5-9,,G5- 1.18 ,(9-•

1 25 II 2J6
4 41 1,3

32if
g 2-0 1.3 icos
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59 92-r z, 70 ,y5



Malmberegning 21/11/89

PrOf i 1 : B2 33
Blokk Areal Cu Zn Tonn Tot Cu Zn Spv

	

11903 ---2. se o. 11 3. 89

	

7775 2. 50 0. 12 3. 11

	

3551 2. 96 1. 26 3. 35

	

6952 1. 59 0. 29 3. 16
*********------------***------****----------**-----*----*----*****---
TOT: 441- 729- 87 30181
GJ. SN : 2. 42 0. 29 3. 42

z. t
rs 2.9
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/TZ
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Malmberegning 21/11/89

Prof 1 : 82 34
Blokk Areal- Cu Zn Tonn Tot Cu Zn Sov

122 254 _ 10 9492 2. 68• 0. 11 3. 89 4o
133 207 10 8273 2. 50 0. 12 3. 11 48

61 121 51 4087 2.96 1.26 3.35 zo
117 118 21 7394 59 0. 29 3Y16 39

433 700 - 92 29246-






39 0. 31 3.38




\Alost.e. rock
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3e2




2-ttfiS
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TOT:
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APP2.

Malmberegning

Profil:B2 20
Blokk

cK

22/11/89

4rea1

2. à

Cu Zn Tonn Tot Cu Zn Spv 1 i
1 116 315 34




8398 3.75 0.41 3.62 II /I
2 23 51 4




2019 2.51 0.19 4.39 /o .2.3
5 12 40 1




1054 3.78 0.11 4.39 3 2./1

6 52 156 6




3817 4.09 0.15 3.67 11 4.7
7 47 77 6




3769 2.05 0.15 4.01 // 4.3
a 41 64 3




3559 1.81 0.08 4.34 8 sd
9 16 36 49




1264 2.84 3.88 3.95 10 1.6
10 21 36 22




1739 2.07 1.25 4.14




/3
11 33 26 40




2284 1.15 1.76 3.46 tr 22
12 51 106 94




3519 3.02 2.67 3.45 /7 3.0
13 39 37 66




2753 1.36 2.39 3.53 20 2.0
14 24 21J.- 19_ L -1925 1.08 1.01 4.01 19 /.1
15 34 59 8




2516 2.35 0.33 3.70




2,0
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Malmberegning

Profil:82 21
Blokk

30/ 3/88

Preal Cu Zn
,

Tonn Tot Cu Zn Spv




1 13 2 33 972 0.23 3.40 3.74 8 1,6
2 33 6 41 2251 0.n 1.83 3.41




3.3
3 24 2 46 1685 0.14 2.75 3.51




4
4 32 183 4 2522 7.24 0.15 3.94




4
5 51 130 3 3570 3.65 0.09 3.50




2
6 - 16 -48 13 1187 4.05• 1.11 3.71




7 17 47 11 1187 3.97 0.92 3.49




2
8 46 211 21 3422 6.17 0.60 3.72




r,f
9 105 384 30 8715 4.41 0.34 4.15 g




10 43 34 29 2812 1.22 1.03 3.27 21 2
11 11 23 1 706 3.27 0.09 3.21




12 36 32 105 2628 1.23 3.99 3.65 il 3.3
13 60 85 129 4524 _ 1.88 2.86 3.77 /2




14 56 43 153 4603 0.93 3.33 4.11 17 3,3
15 42 35 104 2982 1.19 3.50 3.55 iz 35
16 31 31 82 2319 1.33 3.53 3.74 ic .2.

********************** *
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Nalmberegning

Profi1: B2 22
Blokk

5/ 4/88

Areal Cu Zn Tonn Tot ,Cu Zn Spv L t

1 34 39 27 2638 1.46 1.04




3.88




2 30 86 3 2358 3.64 0.11 3.93 i , 4

3 162 331 186 12474 2.65 1.49 3.85 /0 /6,2

4 122 88 324 10736 0.82 3.02 4.40 1.5" -;P
5 38 56 165 3116 1.80 5.29 4.10 (2 3, i

6 32 59 116 2797 2.10 4.13 4.37 i‘ 2

7 23 108 5 1748 6.16 0.27 3.80 ts. i.S

8 20 29 8 1340 2.20 0.62 3.35 /0 2
9 /;2 55 2 3032 1.80 0.06 3.61 /0 42
10 69 140 23 4651 3.00 0.49 3.37 /4 5-

11 14 27 8 902 2.98 0.88 3.22 ‘" 24

12 26 20 29 1960 1.01 1.50 3.77 3 2,b

13 37 33 -85 __ 2701____1.23 3.141_:3.65 20 14

#*******************************<~*****************************>**
TOT: 649 1071 981 50453 lif‘

9
SJ.SN : 2.12 1.94 3.89 411

Wastc rocic

Mt.
t:

23

4t
-5-3

30

8
il 11

2-0
12
I 3 gif

3
35
3
,8
2.2

f v91-

0.44 1.52 1.3

25-4

2

(3 /li

42 3z6S"

3-3 721 1.55/.82



Malmberegning22/11/89

Profil:82 23
Blokk Preal-

	

1 85

	

2 213

	

3 33

	

4 40

	

5 - 78

	

6 16

	

7 28

	

8 32

	

9 49

	

10 40

	

11 16

	

12 11

	

13 26

	

14 31

	

15 54

	

16 - - ---28

	

17 31

	

18 40

	

19 23

	

20 13

Cu
53
320
117
63
156
11
38
67
102
231
38
29
24
42
96

-50
67
-:.:
,_.3
12
7

Zn
291
439
0
,_
10
63
33
59
35
43
7,-,
33
2
1

86
59
66
19
41
47
31
33

Tonn Tot
7038
19255
2653
3008_
6209
1379
2122
2285
3/63
2912
1046
693
2044
2505
4720
1949
2418
2800
1541
944

Cu
0..75
1.66
4.42
2.11

- 2..51
0.81
1.79
2.94
2.70
7.94
3.59
4.19
1.19
1.69
2.04
2.55
2.78
0.82
0.76
0.73

Zn
4.13
2.28
0.06
0.34
1.01
2.36
2.78
1.53
1.13
1.15
0.21
o.la
4.22
2.34
1.39
0:97
1.71
1.67
2.02
2.50

Spv
4.14
4.52
4.02
3.76
3.-96
4.31
3.79
3.57
3.84
3.64
3.2/
5.15
3.93
4.04
4.37

3.90
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3.35
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Malmberegning22/11/89

Profil:82 24
Blokk nre,i'l Cu Zn Tonn Tot C-S Zn Spv

	

I 43 28 60 3354 0.84 1.79 3.90

	

2 30 24 13 2328 .1.04 0.55- 3.88

	

3 46 o,,a,- - 21 3643 1.42 0.59 3.96

	

_31. ,-,0.,- .. 166 2635 0.96 6.301 4.25
c

	

..i -25 40 1 1595 2.50 0.07 -3.-19

	

6 99 69 7 6514 1.06 0.11 3.29

	

7 45 73 20 3465 2.11 0.59 3.85

	

8 20 21 12 1488 1.43 0.84 3.72

	

9 142 372 25 10622 3.5ø 0.24 3.74

	

10 16 21 I 1123 1.88 0.07 3.51

	

11 34 132 c

	

u 2509 5.27 0.18 3.69

	

12 107 71 252 8860 0.80 2.84 4.14

	

13 31 36 111 2716 1.32 4.10 4.38

	

14 22 69 3 1720 4.00 0.17 3.91

	

15 66 95 40 4422 2.14 0.91 3.35

	

16 40 83 .42 -2672 3.12 1157 2T34

	

17 14 131 5 1112 11.75 0.41 3.97

	

18 73 123 4 4599 2.67 0.09 2.15

	

19 29 59 11 1960 3.03 0.54 3.38

	

20 38 oo

	

,_ 1 2386 1.24 0.03 3.14

	

21 15 22 9 ._1005 2.15 0.85 3.35
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Malmberegning 23/11/89






Profil: 82 25




,





Blokk Areal Cu Zn Tonn Tot Cu Zn Spv L




_ 1 39 15 40 - 3042 0.49 1.30 3.90 2o 2

2 21 53 3 1764 2.9b 0.19 4.20 ; 3
3 56 102 2 3539 2.89 0.06 3.16




J-
4•67




432 63 5239 8.24 1.20 3.91




5 30 90 4 __ 21/14 4.13 0.1a 3.64 10 3
6 12-- 78 __ 893 8.69 0.^17--3.72




7 35 72 3 2317 3.10 0.12 3.1




5.
8 4 10 0 262 3.82 0.07 3.27 4 /

9 20 44 1 1296 3.44 0.07 3.24
/2 s-,f

10
11
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21
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59

6

-..,

3560

1420

4.90

4.17

0.16
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3.:se
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Malmberegning 28/11/89

F rof 11: 82 13

	

Blokk Areal

	

1 - 92

	

2 - 46

	

3 41

	

4 71

185

	

6 - - 0-'5 --_
- - - 43

	

8 105

	

9 27

	

10 54

	

11 72

	

12 a'a

	

13 54

	

14 71

	

15 54
to 393

13L

Cu


. 112 '
47
69
72

335

-- . --
25 --
88
48
40

123
....,
89

241
193

Zn

14-
4

49
70
93

2._
2

II
10 .
40

2
11

12

15


17

Tonn Tot -

6532
- . 3128

3592

.

5439

13912

- -- 3000_fl ,-..._ --. -
-- 2563

6594
1782
4493
5990
22-Jo

- 4u3'2

5410
4/63

73527

Cu
1.71

1.51
1.92
1.33. _:.
2.41
0.89

0.97

1.34
2,67
0.88
2.06.
1..53

2.2u

4.45
4.06

2.11

	

Zn Spv
0.22 _3.55

	

0.12 3.40

	

1.37 4.38

	

I. 29 3.83
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Malmberegning 28/11/89

Profil: 82 14
Blokk Area1 Cu Zn Tonn Tot Cu Zn Sov I. t

1 89 - 191 21 -6550 2.9h 0.32 3.68-




›C
2 80 74 102 5856 1.26 1.74 3.66




)3-
3 44 39 57 3265 1.18 1.75 3.11 / 3 Lq
4 15 6 21 1197 0.49 1.79 3.89 7 2.1




93 89 71 840 / 1. Ub 0. ba 4. .2




6
7

33
23

63
:51

18
5

2574

1/0 /

2. 43.
2.9 /

	

0. -3.30

	

0.28 3. / 1
- 18 -
4

 1.8
.3.t8 24 29 9 1843 1. 59 0.48 3.84




n9 59 66 8 4177 1.5/ 0.18 3.54




>5
10 58 76 7 4338 I. 75 0.17 3.74 /7 34
11 85 121 12 612u 1.91 0. 1i ... 60




›3«.
12 12 20 4 dira c'.42. 0.43 3.52 f 2.4
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than Boliden's are Jused when planning

mine, this can then result in other minr

rnethods being ref erred to for instan,

-the CFM technique. Such Criteria - cou

be:

- optimum economic profit when mini

a mineral deposit

- winning of all rnineralized - mater

in the deposit, whether it's ore or r

CFM methods do normally have higt-

cost per ton ore mined comparecl •

o the r under ground bulk-mining rnetho,

Anyway, these higher costs are well compc

sated by the two big advantages of

CFM methods.

MINING ProductIvIty I n ton perirnanshift

METHOO 30 60 90 120 150

Geen pfl

Block cavIng

oom
Illar

Sub-level
cael

stablItcad
Orntend-IIII
stabillzed
Undercut and

stablItzed -

Flgure 5- ProductIvIty for dliferent
minIng methods

- 2.1 High -ore recovery - tow ivaste  dilut-

MINING
METI-100

Open pit

OperatIng cost S per ton crude ore

3 6 9 12 15 18

•

The economic consequences of these t-

factors have been well stressed in a pap

by Prof essor C. Alrngren, comptled :

the_ _bl&sliden_ symposium here_ in Lulek

1980.
Block cavIng j

oorn and
pillar

Sub-leveI
caving

j
stabilized I
Onthand-1111
stabnIzed I
Underetrt and
1111stabifized I

Flgure-50-paratIng costs for dltferent mtning

methods

MINING
YE-11100

Waste rock dilutIon Into crude
ore & ore losses

10% 20% 30% 40% 50% 60%

Open pit

BIock caving

oorn an
Olar
UD-4evel

tavIn
Cut-and-IIII :=acc=c:
atabIllzed
Onn-andeIll
stabInzed
Unetereul and
fill stabIllzed

	 1 Waste rock dllutIon Into crude ore -

 Ore lesses

Flgure 7- Waste rock dllutIon and ore losses for

different mining mattr..ds.

In that paper, the technique for calculat.

the "ne z-present-value" (NPY) of an

deposit, is presented. By varying the opt

ting costs, the imaste diluzion factor

the ore recovery etc, of dif ferent

methods, :he eifect on the NPV of

deposits can be studied.

The impact of waste dilution and of c

loss in an actual case, are calculated
a given scenario. Figure 8.

Assurning in this case that. by chant
the existing rnining method to a new mer
where both the dilution and the ore :

percentages will be reduced from 20

to 10 96, the operating costs for the r

rnining method can then be as much

25 % higher than for the old method z

stilt result in a higher NPV for the depo-
•

It should be noted that:

a 25 % increase in- operating costs

a substantial increase for a new mer

a 10 % decrease in waste dilution

a srnall decrease when changing from

bulk-mining method zo CFM. Possibly

% seems more realistic.

-Beside the_ abovermentioned tWO- main anv

tages. some other advantages charantef

the CFM method.

- The use of waste rock from deveinPar

110
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KONTRAKTBUDSJETTMMOG_SIR

MALMVERDI/PRODURSJONSKOST- -- ._ lia_. _ .
: ' .- - -- • -

Kr/tonn Kr:%kg

CU Metallinnhold i konsentrat 230

-- 'Bruttoverdi 1000 kg kons.------. 3451 - — .15,00 100




---Fradrag smelteyerk ____.




1028 4 47 29 79




____2423- _ -40,53. :::-__70(21

--C-i-f-verdi ---




Sir




308 1 34 8 92




Verdi ab Joaa Cu-innhold




2115 9 20 61 28




AS Bruttoverdi




274 1,19 100




Fradran Sielteverk




41 18 15




Cif-verdi




233 1,01 65




Sir




0 0 0




Verdi ab Joma Cu-innhold




233 1 01 85

CU + AG Verdi ab -Joraa.




-2348 10.21--




ZN Metallinnhold i konsentrat




450




Bruttoverdi 1000 kg kons.




4572 10,16 ' 100




- Fradrag sme-1Aeverk




_1596 3 55 34 90




Cif-verdi




2976 6,61 65,10




Sir




— -261 58 5,71-




	 Verdi ab Joma Zw:innhold -' 2715 - • 6 02 59.39

RAMALM T CU - ZN AGgy •.

525000PAGANG TONN

UTVINNING%
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86 19 82 39

6225 8242

24 . w-

25938 15552
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200

ANTALL KG PG
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'

MALMVERDI:


CU: - D33*D11/C31*1000

AG: F37*D18/C31*1000
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TOTAL PRODUKSJONSKOST JOMA (73680+9000-1800)/535=
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opproin;(2oj 43,- 3T49/673-

/3:36--t4s:02 •.. ,

9ruVe:135'438#-33113)43 -5,3,70:3r; ;1_

9,81

92 96

' 209 77
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.ant al 1 oehalts Cu ant Zr;
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sum

__/4
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______0 8-1 0
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1.721.4

8.1 25 __. . _
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69.35
7a 2-_0 - -._
75.04
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EVALUAT:CN niNtNcNARRCW AND HLRROW FLAT LYING CREBODIES

These orebcdies have bean evaluated to be tctally
nbout 450 000 tons. Cne basic assuuotion for the
Lining methcd cculd be to use in steecer parts sems

cut and :Y..fl.7.1athed.The select4vity
oP ts vo:y -;:::crtc,n):-for the 1-Jst

pessib1 ?.eccnouical result. To control mining the
sludge drilling is rec=manded. if all the stcpes
yill be filled with k7aste reck frou development

it (.= be seen thE'Ltwith the caDflcity of
50 000 una (t;ast it can be filled 28 OOD

CjiV2S or3 110 003 t a-,nd'ilth the ca,:::aci'7ef
70 000 0 it can be filled 39 000 an3cdving
iS0 000 of crc. Ti.tS 10 havj.ng no detail pl=ning
tron thes:2 a=s, it can be considered

thnt the oacacity of 100 '00 t-ca (cre) is

Tt ::bcuT.d noticd this cap‹:,.cityis
nE:cc:sf;aryto nchieve all u1.1ecre -111nedout, if the
lifTe•tie of the uine *s gniv 4 to j vears I

idons a:0 nrenante5. in nn. 10, 11, 12.

has been collected sone informntion about small
minirnj ecu:,pen'c frcu cutoku= mines. However, it
*s no possibility tc Co any bigger investments. So
*t is Tecc=ended to build up scme applications
fr0J cld 12,achl:nesfor instnnce for scaling. At the
mine thare is rne Uaoner ST2. At Xeretti mina there
is unused equi»uent as follwds :

Toro 200D price about 222 000 NOX
used 3 000 h
width 2 000 mm
height 2 250 mm
length 7 540 mm -
with safety canoby (no cabin)

- Tamrock-Minimatic prIce about 175 000 NOK
pneumatic
2 booms, 3.2 m long
E 400 drillers
width about 2 000 mm
height 2 400 mm
with safety canoby

These equipment can operata in a drift sized abdut
2.5 m x 3.0 m.

-
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PROBLEMSCONCERNEDWITH FRAGMENTATIONOF ROCK


Song Xiaotian

BeijingGeneralResearchInstititeof Miningand
Metallurgy,Beijing,China

ABSTRACT

In thispaper,the problemsconcernedfragmentationof rock blastedby ex-plosivechargeare described.Mainlythe influenceof geological_weaknessdu-ring blastingand the grindingindex affectedby blastinghave been analysedand discussed,also mathematicalmodel of fragmentationis given.

•
1. Problemof WeaknessInfluenceand ComputerSimulation

Measurementat site showsthat, thereare threeformsof the dimensiondis-tributionfor commonweak-surfacespace:

Hegativeindexdistribution--- the positionof weak-surfaceis random,thatis to say, the formationsof weakr.surfacesare independentmutually;
Uniformdistribution in certainrange,the distributiondensitiesof.
spacesize of weak-surfacesare equal;
Normaldistribution---- the averagevaluesof weak-surfacespaceare themost spacesizespresent.This distributionshowsthat,the formationof oneweak-surfaceis relatedto the adjacentweak- surface.
The actualdistributionof any sitesis describedbasedon the above-mentioneddistributionforms similarto the combineddistributionform. Fig. 1 is the ne-gativeindexdistributionof weak-surfacespacein a limeatonemine.This dis-tributionform is popular.

Fere takingthenegativeindexdistributionfor example,introducingthree
dimensiondistributionof the veak-surfaceis derivedwith Monte-Carlocomputer

1



-2.RelationshipbetweenGrindingIndexand.FragmentationDegree

Usually,it is consideredthat,miningis only to supplydesiredore to

mineralprocessing,no much attentionis paid to the'problemol'improvingthe
crushingpropertyof mineralprocessingthroughincreasingthe fragmentation
degree of ore and reducingthe ore strengthin miningprocess.

In recentyears,USSR has got researchresultson the influenceof blasting
intensityon the fragmentationpropertyormagnetite-quartzite.The oreblock
is fragmentedby blasting.The grindingefficiencyof crudeore is increased
by 9-12% due to the developmentof weak fracturesmakingthe mechanicalstrength
of ore reduced.In addition,the cost and energyconsumptionof the complete
fragmentationprocessof mining,crushingand grindingare analysed,providing
the basisfor the completefragmentationprocessand the reasonableminingofthe mines.

In order to find out the rslationshipbetweenblastingintensityand crushing
property,we.havedone an experimentin a tantalum-niobiummine.

The test resultsshow that,thereis a changein the innerfracture"ofrock
samplobeforeand afterblastingwith45 g,_60g and 75 g explosivecharges.
There is no elearfractureblastedwith45 g charge,clearerfracturewith60 g
charge,the numbersof fracturesincreasefrom 0.8 pieces/cm2beforeblasting
to 1.9 pieces/cm2;blastingwith 75 g.charge,fracturenumbersper centimeter
or per squarecentimeterconsiderablyincrease,8 timesand 2.7 timesrespec-
tivelymore than beforeblasting(SeeTabla-5).The main differencefor test
betweenblastingbeforeand after,is the distributionstateof fractures
changedfrom branchingto network,that'Isto say, the.åensity"andlengthof
fractureincrease;simultaneously,the widthof the fracturealso enlarged,
increasingfrom 0.005-0.01mm beforeblastingto 0,04?-0.1mm.The microscope
observationresultof the above.polishedsectionof rocksampleshowsthat,
increaseof explosiveamountcanenlargedensityandtensileof fracture,there-
foreincreasingexplosiveconsumptionperunit; higherblastingintensitycan
reducerock strength;it is favourableforsecondaryblastingat theworking

3



face,naturalfragmentationduringhaulage,-as well a5 crushingand gi.inding
at concentrators.

In order to analysethe influenceof blasting.intensityon fragmentation,
the measurementof impact-cruShingwork indexwas done for fragmentalrock
blastedby threedifferentamountsof explosives.See Table 6. It can be seen
from Table6, if we want to reduce crushingwork index considerably,blasting
intensitymust be increased.Increasingblastingintensitycan reducerock
str-engthblasted,impact-crushingwerk indexand energyconsumptionof crushing,
and improvingcrushingefficiency.

The relationshipbetweendifferentblastingintensityand grindingefficiency
was studied.The researchresultshous that,explosiveconsumptionper unit is

/increasedfrom 0.8 kg/m3 to 1.6 kgim3; grindingefficiencyis increasedby 30%
(Table7). By calculation,blastingcost.increases0.384 yuan RMB/t,grinding
materialand power consumptioncostsreduce0.434 Yuan RM8/t,0.05--yuanRMB/t
savedfor treating1 ton of crudeore.-

Rescarchon particlesizeof primaryfragmentation-Ofhematite-magnetite-
quartziteis carriedout under the conditionsof differentexplosive/consumption
per unit. See Table 8. Seeingfrom Table 8, -60 mm particlesize is the most
proportionin all the amountof fragmentalore, when explosiveconsumptionper
unit increasesto 2 kg/m3,-60 mm size increasesfrom 56% to 69.3%.The amount
of coarsesize decreasesfrom 11.6% to 4.1%; the averagesize decreasesfrom
81 mm to 57 mm, therefore,leadingto accuranceof'largeamountof weak fractures.
This micro-defectcan play its role sufficientlyin secondaryand tertiary,
crushingand grinding.It ensuresthat,primarycrushingefficiencyincreasesby
15-35%, secondaryand tertiarycrushingby 10-18%,grindingby 5-10%.

The presenceof micro-fractureis helpfulto rock fissuring.That can not
only increaseshovelefficiency,but improvecrushing,grindingand metallurgical
results.See Table9. (1)

The economicbenefitfor treating1 milliontons of ore can increase72900 Ebs
by increasingexplosiveconsumptionper unit.
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APP.il -44-

Break-Even Ana4sisiThe economic efficiency of mine depends upon the net
difference between income and costs of production.As
above-mention-ed income and costs are assumed to be
linear function of the quntity of ore production.In

_this case Break-Even analysis is greatly simplified
and mathematical and graphic Break-Even models can
be presented for the analysis of profit.Under assumption of linearity,the pattersn of incOme
and costs will appear as in fig.B.The costs consist
of fixed and variable costs.Fixed costs are represented
by line AF.The sum of variable cost and fixed cost is
represented by line AV.Income is represented by line OI.

Legend )
Unit designation

Annual ore production
t/y

Income per ton of ore _production- v/t

I
0

Annual income per year
v/y

:Fixed cost per year
v/y

c'

Variable cost per ton
v/tSum of fixed and variable costs v/yAnnual prnfit
v/yThus

P= /-r,
cr P=0A-(Cn +CtA),,P=fi -c1)Å-c_ G 0The Break-Even point (point B) occurs when lines oI and
AV intesect.
At point B,I=C and I0A=C0 +C'A,solving for A:A=C // -C'7 0 0If cn/(In-C') is substituted for A in I=I0A,the income at
the Brea-Even point may be found, it is

Likewise9if°2E cni(i -c1) is substituted f;r-A in^C=C0 +C'A,
0the cost at t5e Break-Even point may be found,it isC=C + c'c /0 0 0

Suppose that a mine is operating with.cost.s-of 10 v/t,
50% variable specific coSt is 5 '17/t-,andSb%fixed cost
of 5.100000=500000 v/y.

10=245.0.9.0.02/0.22(1-3.25)=15 v/t
The Break-Eben point under these conditions is

A=C0 /
0-0'=500000/15-5-50000t/y
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