3-1-2 Characteristics of head samples

(1) Assay of head samples

Assay resulis of head samples are shown in Table 3-6.

Table 3-8 Assay of head samples

Component Hayl as Safil Rakah Rakah Massive
Ore Stockwork Ore Ore
Au aft, Q.5 0.5 9.1
Ag gl 5.1 14 18.8
Cu % 1.12 1.25 1.60
Ph % <0.01 <0.01 0.04
Zn % 0.22 0.23 0.1l
Fe % 16.52 20.43 35.73
5 % 14.60 10.52 39.87
Si0g % 57.89 40.86 19.61
Ca0 D 0.04 0.20 0.06
MgO % 2.35 6.13 0.02
AlsOg % 3.17 10.13 0.35
Mo ppm i1 <1 4
As ppm 22 1490 2,944
Cd ppm 6 3 6
Hg ppm 0.46 0.51 9.03

The results were almost same as the caleulated grade of drill cores shown in Table 3-1.

{(2) Mineralogical examination of head samples

X-ray diffraction analyses were conducted in mineral identification to estimate mineral
constituents of head samples. X-ray diffraction pattern is shown in Appendix 5 and the analytical
results expressed in Quartz Index are shown in Table 3-7. Quarlz Index (QI) is given from a

following equation.

QI = Im/lg X 100
Ql: Quartz Index



Table 3-7 Mineralidentification by X-ray diffraction analysis

Identified llayl as Safil Rakah Rakah
mineral ore stockwork ore massive ore
chalcopyrite? 1.08 2.12 0.36
pyrite 5.64 2.36 8.76
marcasite nil nil 1.68
hematite 3.92 nil nil
quartz 33.16 15.13 6.73
chlorite 0.40 4.36 nil
nil : no identification by X-ray diffraction analysis
Table 3-8 Mineral identification by microscopic observation
Identified llayl as Safil Rakah Rakah
mineral ore stockwork ore massive ore
chalcopyrite O O O
covelline O O
chalcocite O O
bornite O
pyrite O O O
sphalerite QO O
Table 3-9 IEstimate of constituent minerals
Mineral Chemical formula Hayl as Safil Rakah Rakah
ore stockwork ore massive ore
% % %
Chalcopyrite CufeS2 3.2 3.8 .9
Secondary copper
minerals very rare 2.0
Galena Phs 0.0i 0.0¢ 0.05
Sphalerite Zns 0.33 0.34 0.16
Pyrite Fel: 25.0 17.1 T2.7
Marcasite PeS2
Hlematite Fe20a 4.8
Quartz Sig2 38.0 15.0 10.0
Chlorite (Mg, Pe?,Al) 2 - 9.0 39.0
(5i,Al)a020(0H) e




Im: Maximum X-ray intensity of objective mineral (cps)

lg: Maximum X-ray intensiby of artificial quartz (cps)

Pyrite and chaleopyrite were identified in all samples. Marcasile was identified in Rakah
massive ore. As {or gangue minerals, quarlz was identified in all samples, hematite and chiorite
were in Hayl as Safil ore and chlorite was in Rakah stockwork ore.

Mineral identification by X-ray diffraction is invalid when an objective mineral is little
content in a sample; therefore microscopical examination should be applied simultaneously.
Table 3-8 shows identified minerals by microscopical observation. Secondary copper minerals
were found in Hayl as Safil ore and Rakah massive ore.

Mineral composition was estimated from chemical assays and identification of minerals by X-
ray diffraction or microscope. Estimated results are shown in Table 3-9. These tables indicate

following observation on the ore samples.

11ayl as Safil cre

This ore contained the sulfide minerals approximately 28% weight. The copper minerals
identified were chalcopyrite as the major copper mineral, covelline and chalcocite as the

sccondaty minerals in minor quantity. The gangue minerals identified were quartz and hematite.

Raliah stockwork ore

This ore contained the sulfide minerals approximately 21% weight. The copper mineral
identified was chalcopyrite with no secondary minerals. The gangue minerals identified were

quartz and chlorite.

Rakah massive ore

This ore contained the sulfide minerals approximately 75% weight. Amountis of iron minerals
were excessively higher than that of copper minerals in sulfide minerals. Because the ore was
highly oxidized and the secondary minerals, namely covelline, chalcocite and hornite were

identified as the major copper minerals. A lot of marcasite was identified as much as pyrite.

{3} Work Index

Hardgrove Index (Hd) and Work Index (Wi) which were calculated from Hd are shown in -
Table 3-10. The table indicates thal the Work Index figure of the Rakah stockwork ore was
unreasonably higher than the other ore samples. This figure was due to the Ilardgrove testing

conducted on a sample containing a lot of clay minerals such as chlorite.

_L56k



Table 3-10 Hardgrove index and work index

Tten

Hayl as Safil

Rakah

Rakah

Ore Stockwork Ore| Massive Ore
Hardgrove Index (iid) 54 45 58
Work Index (kwh/st)
Wi 12.9 15.1 12.5
i 2 11.5 13.6 11.2

1): given by Ishihara equation ( Wi=400/(ld)?-8°)}

2): given by Bond eguation

( Wi=435/(Hd)®-*')

Table 3-11  Specific gravity of head samples

Hayl as Safil
Ore

Rakah
Stockwork Ore

Rakah
Hassive Ore

3.11

3.11

3.97

Table 3-12 Concentration of Ion dissclved from sample

Iten Hayl as Safil Rakah Rakah
Jre Stockwork Ore| Hassive Ore
pH §.8 6.1 4.3
Soluble Tons
Cu ppm 0.202 0.014 0.073
Zn pph 34.8 28.7 97.0
Fe ppi 611 201 10, 807

. 57_



(4) Specific gravity

Measurement results of specific gravity on the head samples are shown in Table 3-11.

(5) Assays of soluble ion

As shown in the Paragraph of 3-1-2 (Mineral examination), the ore is oxidized in some degree
and seemed to contain much soluble ions which have harmful effect on {lotation. ‘The

concentration of these heavy metal ions dissolved from the ore are shown in Table 3-12.

(D Rakah stockwork ore
The filtrate from filtering of ground pulp was almost neutral as pH value indicated 6.1, and

concentration of soluble ions were rather low.

@ Hayl as Safil ore, Rakah massive ore
The filtrate of ground pulp was rather acidic as pH value indicated 4.8 and 4.3 respectively,

and concentration of soluble ions was higher than Rakah Stockwork Ore.

@ The concentration of Cu ion was extremely lower than that of Zn or Fe ions.
This result is explained as {ollows. Dissolved Cu ion is fixed in the place of Zn or e on the
surface of sphalerite or pyrite and Zn or Fe ions are leached out in replacement. The
sphalerite or pyrite coated with copper are easily floatable as well as {resh copper minerals;

therefore they will disturb the copper mineral’s selectivity in the flotation.

3-1-3 Fundamental flotation tests results
(1) Hayl as Safil ore test results

(i} Copper selective flotation

{a) Comparison tests of grind size

Flotation tests were performed to determine the optimum grind size under following

conditions.
Grind size minus 200 mesh 50%, 60%, 70%, 80%
KAX dosage 36 g/t
Lime dosage 2,000 g/t

Details of the test results are shown in Appendix 6 (Table 1) and Fig, 3-2. The results ave

summarized as follows.

D The test on a grind size of 50% passing 200 mesh produced rougher concentrate with a

grade of 3.43% copper at a high recovery of 94%.
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@ The grind size reduced to 80% passing 200 mesh a grade of rough concentrate increased to

8.17% copper, however, copper recovery slightly decreased 1o 91.7%.

@ The cause of reduction of copper recovery may be fine copper mineral grain locked in pyrite

particles sank to tail.

@ 'The conclusion drawn from the test results was that optimum grind size secmed to be 80%
passing 200 mesh; therefore the following copper selective flotation tests were conducted on

this grind size,
(b) Comparison tests of collector

The comparison tests were conducted on four kinds of collectors varying pll value, to find a
callector which would produce a high grade concenlrate at high copper recovery. The collectors
and their dosage were KAX (35 g/t), AP3501 (52.5 g/t), AP3418 (54.1 g/t) and AP404 (61.8 g/t).
The initial pulp pH value was adjusted in the range of 8.6 ~ 12.0 by lime addition.

Details of the test results are shown in Appendix 6 {(Tables 2,3, 4 and 5) and Tig. 3-3. The

results are summarized as follows.

O KAX: Relationship between pH value and copper recovery showed the highest recovery of

91.7% at pH 12.0 and recovery slightly down in pH 10 ~ 11.

@ AP3501: Copper recovery was constant figure of 90.3% ai pH 9 or more. Pyrite was

depressed in the higher pH range.

@ AP3418: The higher pH value rose, the better copper recovery achieved. The separation of

copper mineral and pyrite in the higher pH range was not so good as other collector.

@ AP404; The higher pH value rose, the better copper recovery achieved. Pyrite was strongly
depressed in the higher pIl range.

© The pll value of [lotation pulp should be maintained al 12 or more to get high copper

recovery.

—- 6()*
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The results of comparison test between the collectors at pIl 12 are shown in Table 3-13 and

summarized as [ollows.

Table 3-13  Comparison of collectors on copper
selective flotation of Hayl as Safil ore

Collector KAX AP 3501 AP 3418 AP 404
Dosage glt 356.0 H2.5 54.1 61.8
pH value 12.0 11.8 11.8 11.9
Recovery

Cu % 91.7 90.3 92.7 87.5

Fe % 21.1 21.5 33.0 19.2
Grade of conc. .

Cu % 8.17 10.056 8.79 10.12

e % 34.25 33.20 32.80 - 29.80
Wtofconc. % 13.0 10.7 15.7 10.0

(D KAX showed strong collecting power for copper minerals, while the other collector needed

about 1.5 times of dosage as that of KAX to get same copper recovery.

@ AP3501 showed superior ability in separation of copper minerals and pyrite, however, KAX
which has strong collecting power should be adopted to get high copper recovery in rougher

flotation.

(ii) Bulk and differential flotafion
{a) Comparison tests of grind size in bulk flotation

Bulk flotation tests were performed to determine oplimum grind size under following

conditions.
Grind size minus 200 mesh 50%, 60%
KAX dosage 36 git

Pulp plI value 7.2

Details of the test results are shown in Appendix 6 (Table 7) and Fig. 3-4. The resulis are

summarized as follows.

D In the grind size of 50% passing 200 mesh, rougher concentrate with a grade of 2.94%
copper was produced at recovery of 91.2%. The grind size was reduced Lo 60% passing 200

mesh, copper recovery was 3.5% lower than the former test.
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@ From the test resulls the optimum grind size seemed to be 50% passing 200 mesh; therefore

the following bulk flotalion tesls were conducted on this grind size.
(b} Comparison tests of pH valuein bulk flotation

Bulk flotation tests were perférmed to determine optimum pi value under following

conditions.

Pulp pH value 4.0,7.2,8.0,10.0,12.1
Grind size minus 200 mesh 50%

KAX dosage 35 gl

Details of the test results are shown in Appendix 6 {Table 8) and Fig. 3-5. The results are

summarized as follows,

(D Copper recovery of 93.7% at pH 4 and 94%% at pH 12.1 was achieved in bulk flotation,

however, copper recovery was rather lower in the range between pH 4 and pH 12.1.
@ Pyrite was depressed in the higher pH range.

@ From the test results the optimum pH value in bulk flotation seemed to be 12.0. No. 1 test
produced a bulk concentrate with a grade of 3.43% copper at 94.0% recovery in the higher

pH condition.
(c) Comparison test of flotation time in bulk flotation

No. 27 flotation test was performed to study the relation between copper recovery and

flotation time with KAX dosage following condition.

KAX dosage 60 g/t

Flotation time 30 minutes

The details of the test result is shown in with No. 1 test result (flotation time 15 minutes) in

Appendix 8 (Table 9) and Fig. 3-6. The results are summarized as follows,

(O No. 27 test produced a bulk concentrate with a grade of 2.90% copper at 96.8% recovery
versus 3.43% copper at 94.0% recovery for No. 1 test. By extending of flotation time, copper
grade of concentrate was 0.53% lower and copper recovery was 2.8% higher than the former

test.

@ The condition of KAX dosage 60 g/t and flotation time 30 minutes was to be adequate for
bulk flotation to get a higher copper recovery.

(d) Comparison tests of pH value in cleaner flotation

Cleaner flotation tests were performed on rougher concentrate to determine optimum pH

value under following conditions.
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Pulp pH value 10.6,11.4,12.3
Regrind size minus 200 mesh 0%, 95%

Cleaning stage 2

The details of the test resulls are shown in Appendix 6 (Table 10) and Fig. 3-7. The results are

summarized as follows.

(D No. 30 test under the condition of regrind sizc of 90% passing 200 mesh and high pH value

of 12.3 produced copper concentrate with a grade of 12.76% copper ab ‘13.65% recovery.

@ Regrind size was reduced to 95% passing 200 mesh, however, there was no significant

improvement in recovery.

 Copper recovery of all the tests was not so high. It was caused by the shortage of cleaning

flotalion time.

@ The number of cleaning stage and pH value should be increased in cleaning flotation in

order to get high grade copper concenirate.
(2) Rakah stockwork ore test results
(i} Copper selective flotation
{a) Comparison tests of grind size
Flotation tests were performed to determine optimum grind size under following conditions.

Grind size minus 200 mesh 50%, 60%, 70%, 80%
KAX dosage 30 gft

The details of the Lest results are shown in Appendix 6 {Table 11) and Fig. 3-8. The results are

summarized as follows.

O The test on a grind size of b0% passing 200 mesh produced rougher concentrate with a

grade of 5.03% copper at a high recovery of 95.1%

@ The Copper recovery was 95% in all the grind size. As the grind size reduced, the
separalion of copper mineral and pyrite became improved, and the grade of concentrate rose
up. The rougher concentrate with a grade of 7.50% copper was produced at the grind size of

80% passing 200 mesh.

3 The conclusion drawn from the test results was that optimum grind size scemed to be 80%
passing 200 mesh; therefore the following copper selective flotation tests were conducted on

this grind size.
(b) Comparison tests of collector

The comparison tests were conducted on four kinds of collectors varying pH value, lo [ind a

collector which would produce a high grade concentrate at high copper recovery. The collectors
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evaluated and their dosage were KAX (30 gft), AP3501 (46.7 g/l), AP3418 (46.4 g/t) and AP404
(46.4 g/t). The initial plI value of pulp was adjusted in the range of 8.0 ~ 12.0 by lime addition.
The details of the test results are shown in Appendix 6 (Tables 12, 13, 14 and 15) and Fig. 3-9.

The results are summarized as follows.

@ The copper recovery of 35% ~ 96% was almost same on any kind of collector, however, high

copper grade of rougher concentrate was produced at high pl value.

@ As the pH values of pulp rese up to 12.2 or more in the flotation using AP 3501 as the
collector, the froth became abnormally soften, This reagent could not be used in high pH

range on the ore containing clay minerals such as chlorite.

The results of comparison test belween the collectors at pH 10.6 are shown in Table 3-14 and

summarized as follows.

Table 3-14  Comparison of collectors on copper
selective flotation of Rakah stockwork ore

Collector KAX AP 3501 AP 3418 AP 404
Dosage glt 30.0 46.7 46.4 46.4
pH value 10.6 10.6 10.3 11.0
Recovery

Cu % 95.3 95.1 96.0 93.5

Fe % 29.2 20.9 26.1 13.7
Grade of cone,

Cu % 7.50 9.11 T.54 13.26

Fe % 36.81 32.28 34.61 30.14
Wtofecone. % 15.9 13.0 16.0 8.9

@ KAX showed strong ccllecting power for copper minerals while the other collector needed

about 1.5 times of dosage as that of KAX to get same copper recovery.

@ AP3501 showed superior ability in separation of copper mincrals and pyrite, however, this

reagent could not be used in high pII range on this ore.

KAZX which has strong collecting power should be used to get high copper recovery in rougher

flotation.
(ii) Bulk and differential flotation

Bulk flotation tests were performed to determine optimum grind size under following

conditions.
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Grind size minus 200 mesh 509, 60%
KAX dosage 30 git
Pulp pH value 1.0

Details of the results are shown in Appendix 6 (Table 17) and Fig. 3-10. 'The resuits are

summarized as follows.

(@ In the grind size of 50% passing 200 mesh rougher concentrate with a grade of 4.26% copper
produced at recovery of 95.1%. The grind size reduced to 60% passing 200 mesh the result

was almost same as that of the former test.

@ From the test results the optimum grind size seemed to be 50% passing 200 mesh; thevefore

the following bulk flotation tests were conducted on this grind size.
(b) Comparison tests of pH value in bulk flotation

Bulk flotation tests were performed to determine the optimum pH value under following

conditions.

Pulp pH value 3.9,7.0,8.0,9.0
Grind size minus 200 mesh 50%
KAX dosage 30 gft

The details of the test resulis are shown in Appendix 6 (Table 18) and FFig. 3-11. The results

are summarized as follows,

@ Copper recovery of 93.5% al pH 3.9 and 95.1% at pH 10.8 was achieved in bulk flotation,
however, copper recovery was slightly lower in the range between pH 3.9 and pH 10.8.

Pyrite was depressed in the higher pH range.

@ From the test resulis the optimum pH value in bulk [lotation seemed Lo be 11.0. No. 32 test

preduced a bulk coneentrate with a grade of 5.03% copper at 95.1% recovery.
{¢) Comparison test of flotation time in bulk flotaiion

No. 58 flotation test was performed to study the relation between copper recovery and

flotation time with KAX dosage under following condition.

KAX dosage 45 g/t

Flotation time 30 minufe

The details of the test results are shown with No. 32 test result ({lotation time 15 minute) in

Appendix 6 (T'able 19) and Fig. 3-12. The results are summarized as follows.

D No. 58 test produced a bulk concentrate with a grade of 4.57% copper at 96.64% recovery
versus 5.03% copper at 95.1% recovery for No.32 test. By extending {lotation time, the

__72_
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copper grade of concenirate was 0.46% lower and copper recovery was 1.54% higher than

the former test.

@ The condition of KAX dosage 45 g/t and flolation lime 30 minutes was to be adequate for

bulk flotation to get the higher copper recovery.
(d) Comparison tests of pH value in cleaner flotation

Cleaner flotation tests were performed to determine the optimum pH value under following

conditions.

Pulp pH value  10.2,11.4,12.2
Regrind size minus 200 mesh 0%, 95%
Cleaning stage 2

Details of the test results are shown in Appendix 6 (Table 20) and Fig. 3-13. The results are

summarized as follows.

@ No. 61 test under the condition of 90% passing 200 mesh and the high pH value of 12.2

produced copper concentrate with a grade of 13.05% copper at 76.8% recovery.

@ No. 62 test under the condition of regrind size of 95% passing 200 mesh and the high pH
value of 12.2 produced copper conzenfrate with a grade of 14.18% copper at the high
recovery of 79.50%.

@ The optimum regrind size seemed to be 95% passing 200 mesh.

@ Copper recovery of all the tests was nol so high. It was caused by the shortage of cleaning

flotation time.

& The number of cleaning stage and pH value should be inereased in cleaning flotation in

order to get high grade copper concentrate.
(3) Rakah massive ore test results
(i) Copper selective flotation
{a) Preliminary test

As shown in section 3-1-2, the characteristics and constituenis of Rakah massive ore were
extremely differed from the other ores. The following preliminary tests were conducted as this ore
gave a particular performance.

The details of the Lest resulls are shown in Appendix 6 (Table 21) and Fig. 3-14.

No. 63 test: This test was conducted on the Rakah massive ore sample under the following

eonditions.
Grind size minus 200 mesh 80%
KAX dosage 200 g/t
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Lime dosage 11,6060 g/t
Pulp pH value 11.1

Fletation Lime 30 minutes
The test results are summarized as follows.

@ This test produced rougher concentrate and three scavenger concentrate. It was abnormal
result from the metallurgical knowledge that copper grade of rougher concentrate was

lower than that of any other scavenger concentrate.

@1t was due to the [loalability of copper mineral was lower than that of iron sulfide mineral.
As the copper mineral was oxidized, iron sulfide mineral was activated with the copper ion

delivered from the oxidization of copper minerals.

No. 64 test: This test was performed to know an effect of increasing the collector dosage from 200

g/t to 250 g/t. The test result shows that there was no significant improvement in separation.

No. 65 test: This test was performed to know an effect of reducing the grind size in percentage
minus 200 mesh from 80% to 94%. The test result shows that there was no significant
improvement in copper recovery, however, iron recovery was decreased markedly. This result

means that the liberation between copper mineral and iron sulfide mineral was improved.

No, 66 test: 12.5 kg/t of lime was added te ball mill and adjusted to 11.0 with additional lime. The
pulp was conditioned with selected dosage of collector and frother followed by flotation same as
No. 65 test. The test result showed that fleatability of copper was mineral improved notably and
it's recovery rose to 63.2%. As the addition of lime in ball mill would prevented the activation on

the surface of iron sulfide mineral by fixing of copper ion.
(b} Comparison tests of grind size
Flotation tests were performed to determine grind size under the following conditions.

Grind size minus 200 mesh 50%, 60%, T0%, 80%, 94%
KAX dosage 200 g/t
Pulp pH value 11.1

Flotation time 30 minute

The delails of the test results are shown in Appendix 6 (Table 22} and Fig. 3-15. The results
are siunmarized as follows.

The copper recovery increased as the grind size reduced 70% or more minus 200 mesh, though
it reached to the limit of 72.8% at 94% minus 200 mesh.

As the cause of the unsatisfaclory separation between copper minerals and irvon sulfide
minerals in previous tests seemed to be excess addition of KAX, the following tests were
conducted on the condition of eollector decreased from 200 g/t to 150 g/t. The details of test results

are shown in Appendix 6 (Table 23) and Fig. 3-16.
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The separation between copper minerals and iron sulfide mineral was improved by decreasing
the dosage of KAX, though copper recovery fell to 68.8%.

The tests were conducted on the ore sample ground to 99% passing 200 mesh and KAX dosage
of 120 g/t. The details of Lest results are shown in Appendix 6 (Table 23) and Fig. 3-16 and are

summarized as lollows.

@ The flotation rate of the ore sample at 99% passing 200 mesh was exlremely lower than
that of 94% passing 200 mesh. The copper recovery was only 51.5% and there was no

significant improvement in separation of copper minerals and iron sulfide mineral.

@ The following copper selective flotation tests on Rakah massive ore were conducted at a

primary grind of 94% passing 200 mesh.
{c) Comparison tests of collectors

The comparison tests were conducted on four kinds of collectors varying pH value, to find a
collector which would produce a high grade concentrate at high copper recovery. The collectors
and their dosage were KAX (150 g/t), AP3501 (204.4 g/t), AP3418 (202.9 g/t) and AP404 (202.9
g/t). The initial pH value of pulp was adjusled in the range of 7.4 ~ 11.2 by lime addition.

Details of the test results are shown in Appendix 6 (Table 24, 25, 26, 27) and Fig. 3-17 and

summarized as follows.

@ The recovery vs pH value curve of all kinds of eollector except AP 404 shows same tendency
that all sulfide minerals {loated at pH value nearly 7 and the separation between copper

minerals and iren sulfide mineral was improved with rising of pH value.

@ Copper recovery of AP 404 was slightly lower than the other collector, however, iron

recovery was extremely low in all pH ranges.

@ The pH value should be maintained at 11.2 or more to depress iron sulfide mineral in all

the collector use.



910 IAISSBUL YBNEY JO UOIJBIO0T] 9AI302]9s 1oddod uo 288s0p Y'Y JO103d  91-¢ 81g

"UTW * BT} UOI}BICTE

g Q2 g1 g 0 0% 01 0 pe 07 01 0 e 072 01
| I i i l ] T I 1 ! i I [

34 ) | ]

EF
24
pu e - _HU

- - -

09 94
na

] 0 i ]

J -~ -
31/2021 1/2061 1/3002 1/3062
% 66 % ¥6 % %6 % ¥8
£L7CN L 0N TL 0N 89-oy

0

5

bl

<

b

05 3

&<

00t

XV
(4somppz-)az1s
"o 359L



onrea d Surdres 310 SAISSEW Ye¥BY JO UCIJBIO[] SAT}ID]S zaddoo uo 10302100 J0 20313 LI-€ 81y

Hd Rd Hd Hd
T g g8 L 21 1T 01 8 8 L IT 0o 8 8 L Al 1T 01 6 8 L
I T T T T T T T T T I T T I T I Y T H r 0
34 l ’ ] l
Q\\Ll/’ld.. “ " -
3 24 E]
ny | d | | d |

pen }
L )
¢ £12A009Y

- s v - Q08
ny _..:m
1 | 1 T »®
ng
j " i 1 o i
B _ = < 001
HE 8THEAV 10884V XVH 103937703

887 ON~ L8 CN C8 ON~Z8 ON 08 ON~LL 0N QL ON~FL ON'ZL ON TON 183



The results of comparison lest hetween the collectors at pt 11.2 are shown in Table 3-15 and

summarized as follows.

Table 3-15 Comparison of collectors on copper
selective flotation of Rakah massive ore

Collector KAX AP 3501 AP 3418 AP 404
Dosage g/t 150.0 204.4 202.9 202.9
pH value 11.0 11.2 11.2 11.2
Recovery

Cu %o 68.2 61.7 65.8 56.3
Fe % 42.9 32.5 42.6 23.4
Au % 49.5 46.4 53.2 33.4
Ag % 55.7 49.0 406 42.5
Grade of conc.
Cu % 2.89 3.37 2.81 4.10
I'e % 41.02 39.62 40.30 39.27
Au % 13.74 16.66 15.58 17.55
Ag % 5.05 7.15 5.33 4,72
Wiofecone. % 38.2 29.8 3138 22.1

KAX showed higher collecting power for copper minerals than other cellectors, however it's

metallurgical result was poorer than that was shown i other ores.
{d) Behaviour of gold of Rakah-massive ore in flotation

The possibility of gold recovery is a key point to evaluate Rakah massive ore with high grade
ol 9.1 g/t gold. Asshown in Table 3-15 of previous section, the gold recovery was not so high. The
flotation test was performed to examine the behaviour of gold. The test result was shown in
Appendix 6 (test No. 91) and Fig. 3-18.

Recovery vs [lotation time curve of gold was almost agreed with that of iron. It seemed most of
gold was disseminated in iron sulfide mineral in fine grain, which could not be liberated from iron
sulfide mineral at even a fine grind of 94% passing 200 mesh. All the gold grains locked in iron

sulfide mineral particles were depressed in flotation,
(il) Bulk and differential flotation
(a) Comparison tests of grind size and pH value

Bulk flotation tesis were performed Lo determine the optimum grind size and pl value under

following conditions.
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Grind size minus 200 mesh 50%, T0%
KAX dosage 300 gft
Pulp pH value 8,7

IMotation time 30 minutes

The details of the test results are shown in Appendix 6 (Table 29) and Tig. 3-19, All the tests

showed poor metallurgical results and no particular difference between both conditions.
(b) Cleaner flotation

The cleaning tests on bulk concentrate were performed to study the behaviour of copper and

gold in flofation under following conditions.

Regrind size minus 200 mesh 95%
Stage of cleaning 3 stages

Flotation time T min. 5 min. 4 min,

The details of the test results ave shown in Appendix 6 (Table 30) and Fig. 3-20. The vesults

are summarized as follows.

(D The copper recovery dropped exceedingly by repeating in cleaning stages with no

improving of copper grade in froth products.

® As above test results were very poor, it seems impossible for Rakah massive ore to be

pracessed by bulk and differential flotation.
(iii) Mineralogical examination of flotation products.

As the test results on Rakah massive ore showed that the processing of this ore by flotation
seemed to be impossible the Microscopical Examination and Electron Probe Micro Analyzer were
applied on the products of flotation test to make the cause of poor separation resulf clear.
Microscopical photographs of flotation products and photomicrographs and X-ray images by
EPMA are shown in Appendix 7 and microscopical observation results are shown in Table 3-16.

The results are summarized as follows.

DTt is estimated that 90 ~ 95% of copper minerals recovered in first 10 minutes were
covelline and others were chalcopyrite and chalcocite, their grain sizes were passing 50 pm

and 90% of them were liberated.

@ The copper minerals recovered after 30 minutes were covelline and chalcopyrite locked in

gangue minerals or iron sulfide minerals, their grain size were 20 ~ 30 pm.

3 The copper mineral in tails could not be identified by reflective microscopical chservation.
EPMA identified the grain of which Cu Ka X-ray image was in agreement with Si Ka X-ray

image. 1t was estimaled as a copper silicale mineral.
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@ The estimate of copper mineral constituents from micrescopical observation and EPMA
pp 1

© were summarized as follows.

Caopper silicate mineral 16%
Copper mineral liberated 30%
Copper mineral in middling 55%

® The causce of peor metallurgical results of Rakah massive ore was that the most of copper
minerals in the ore could not be liberated in spite of fine grinding. It contained the copper

silicate mineral which could not be recovered by ordinary flotation process.
(4) The Characteristics of head samples in copper flotation
(i) Characteristics of Hayl as Safil ore and Rakah stockwork ore on cleaner flotation

The following test procedure was adopted for the comparison of Hayl as Safil ore and Rakah

stockwork ore at a grind of 80% minus 200 mesh.

@ 10 minute rougher [lotation with addition of AP 3501 followed by 20 minute scavenger
flotation with addition of KAX 10 g/t.

@ Aller cleaning of rougher concentrate without regrinding, the scalp concentrate (Cu Cone

1) was produced.

@ 6 stages cleaner flotations were conducted on scavenger concentrate and tail of sealping
flotation with regrind of 95% passing 200 mesh, and then the cleaner concentrate (Cu Cone

2) was produced.

The test results were shown in Appendix 6 (Table 31) and Table 3-17. The results are

summarized as follows,

(I Ralah stock ore showed good separation results producing Cu conc 1 wikh a grade of 23.36%
copper, as the grain sizes of copper minerals in this ore were sufficiently large to be easily

liberated.
® A copper grade of Cu cone 1 in Hayl as Safil ore was only 18.99%

@ Copper recovery and a copper grade of Cu conc 2 in Hayl as Safil ore were lower than those
of Rakah stockwork ore. The grain sizes of copper minerals in this ore were very fine to be

liberated with difficulty.

@ The test resulls gave that il would be easier to process Rakah stockwork ore than Hayl as

Safil ore.



Table 3-17  Effect of scalping on copper selective

flotation
Item Hayl as Salil ore Rakah stockwork ore
Cuconcl
Curecovery % 49.70 563.15
Grade Au ght 3.10 4.62
Cu G 18.99 23.36
Cuconc 2
Cu recovery % 15.55 27.12
Grade Au % 2.57 3.56
Cu % 13.98 19.95
Cu cone total
Curecovery % 65.25 80.27
Cu grade % 17.50 20.08

(ii) Characteristics of ores in rougher flotation

The optimum conditions which produced a concentrate at the maximum copper recovery and
the fundamental flotation test resulls are shown in Table 3-18.

The characteristics of ores in rougher flotation are summarized as follows.

D Hayl as Salil ore: The data of mineralogical examination or assays of soluble matlers
contained in the ore showed that this ore was slightly oxidized. A pulp pH value should be
maintained at 12 or more to eliminate influence of soluble matters. The fine grinding prior
to cleaning was necessary to liberate the fine grain copper minerals locked in pyrite. The

copper grade and recovery of concentrate were not so high because of fine grinding.

@ Rakah stockwork ore: The copper minerals of this ore were liberated from pyrite or gangue
in coarser size. This ore achieved a hetter result in separation between copper minerals and

pyrile than Hayl as Safil ore,

@ Rakah massive ore; This ore was strongly oxidized and most of the sulfide minerals were
turned to secondary minerals. Iron sullide minerals activated by copper ion were easily
floatable. Fine grain of copper mincrals locked in iron minerals could nol be easily
liberated. This ore contained copper silicate mineral which could not be recoverable by
ordinary flotation. Above mentioned reason shows that this ore seemed to be impossible to

be processed by any methods of flotation.
(i) Flotation raie tests

I'lolation tests were perforined on three ore samples to compare the flotation characteristics of

each ore. the details of the test results are shown in Appendix 6 (Tables 6, 16 and 28) and are



Table 3-18 Comparison of optimum flotation conditions and test results

Item Havl as Safil Rakah Rakah
ore stockwork ore massive ore
Copper Selective
Flotation
Conditions
Feed Size (-200 mesh) B8O % 80 % 94 %
Reagent dosage
Collector g/t 45 30 160
Lime g/t 2,450 2,740 22,350
Flotation Time min 30 30 50
PH value 11.6 10.6 11.4
Test Resultis
Recovery
Cu % 94.9 94.2 67.8
Fe % 38.5 23.5 32.4
Grade of Cu conc
Cu % 5.84 8.12 3.71
Fe % 32.36 31.24 38.75
¥t% of Cu cenc 18.2 14.6 29.8
Bulk Flotation
Conditions
Feed Size (-200 mesh} 50 % 50 % 70 %
Reagent dosage
Collector g/t 60 45 300
Lime g/t 2,400 2,600 16,475
Flotation Time min 30 30 30
PH value 11.6 11,9 9,3
Test Results
Recovery
Cu % 96.8 96.6 84.3
Fe % 80.4 46,2 93.8
Grade of Cu conc
Cu % 2.90 4.57 1.60
Fe % 32.72 32.24 41,76
Wtx of Cu conc 38.8 27.4 83.0




plotied in the form of flotation rate curve in Fig. 3-21. The results are summarized as follows.

In generally each particle of head samples which are ground to the size of {lolation test, has a
different, flotation rate, A flolable mineral particle has a high flotation rate if it is liberated, but
in middling with non-floatable minerals the rate may be lower than the former.

The flotation rate curve of Rakah stockwork ore shown in fig. 3-21 is the typical one. The
gradient of a point on the curve shows its flotation rate. The curve gradient of 0 ~ 3 minute
portion is sleep, 3 ~ 7 minute portion is medium and 10 ~ 30 minute portion is gentle. It means
following behaviour of mineral particles in flotation.

In the first stage, liberated chalcopyrile particle which has a high flotation rate float. In the
second slage, chalcopyrite particle with some pyrile or gangue locking float. In ihe final stage,
pyrite or gangue particle locked with same chalcopyriie float.

The flotation rate curve of Rakah massive ore shows almost straight line with genile gradient.
That means the flotation rale of any time is almost same and low. 1t seems all the particles float
wilh difficulty and could not {ind casy floatable particles.

The flotalion rate curve of Hayl as Safil ore shows similar pattern that of Rakah stockwork
ore, however, the curve located al higher position and has fewer steep gradient part than Rakah
stockwork ore. It means this ore has fewer liberated chaleopyrite particle and has much middling

particles of chalcopyrite and pyrite.
(iv) Mixing tests with Rakah massive ore

The flotation tests were performed on samples mixed with Rakah massive ore in selected ratio
to check its harmful effect and mixing ratio. Head samples were composite of 65/35% weight
mixbure of Hayl as Safil ore/Rakah stockwork ore. The details of test results were shown in
Appendix 6 (Table 32) and Fig, 3-22.

Copper rccovery and copper grade of concentrale in rougher flotation were decreased by
mixing of Rakah massive ore. The decreased value of test resulls were come from only low result
of Rakah massive ore. It did not give a severe blow to the result of rougher flotation, however, it
will give harmful effect on separalion of copper mineral and iron sulfide minerals in cleaner

flotation. Therefore, the mixing of the Rakah massive ore should be avoided in practice.

3-1-4 Overall flotation tests results
(1) Qverall flotation fests

T'he overall fiotation tests were performed to confirm the optimum condiliens which were
based on the fundamental test resulls, and lo determine the optimum flotation method. The head

samples of the tests were composite of 65/35% weight mixture of Hayl as Safil ore/Rakah

stockwork ore.

"Phe tests were carried out on three flotation methods, namely, bulk and differential flotation,
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copper selective flotation and copper seleclive flotation with gcalping. The details of tests are

shown in Appendix 6 (Tables 33 and 34) and the test results are summarized in Table 3-18.
(1) Buik and differential fletation

Bulk flotation was performed under the condition of primary grind size 48% passing 200
mesh, KAX dosage 50 g/t, pulp pH value 11.4 and flotation time 30 minute. Prior to differential
flolation, the bulk concentrate was reground to 95% passing 200 mesh and cleaned in six stages at

pHof12.8.
(ii) Copper selective flotation

Rougher flotation was performed under the condition of primary grind size 80% passing 200
mesh, KAX dosage 45 g/t, pulp pH value 11.6 and flotation time 30 minute. Prior to cleaning
fletation, the rougher concentrate was reground to 95% passing 200 mesh and cleaned in six

stagesat pllof 12.8
{1ii) Copper selective flotation with sealping

A {roth product of initial stage on rougher {lotation was scalped using selective collector of AP
3501 instead of KAX. After cleaning the froth product scalped concentrate was produced. Prior Lo
cleaning flotation, the rougher concentrale together with the tailing of scalp cleaner were

reground to 95% passing 200 mesh and cleaned in six stages at pH of 12.8.
{iv) Behavior of gold in cleaner flotation

Copper grade vs gold grade curves of froth preducts are shown in Fig. 3-23, There is a lincar
relationship bebween both grades. The grade ratio of Aw/Cu of Iroth products of each flotation

process shows almost same value as follows.

Flotation process Average grade ration (Aw/Cu)
Bulk & differential flotation 0.26
Copper selective flotation 0.20
Copper sclective flotation with scalping S 0.24

Gold accompanied by copper minerals is recovered in every cleaning stages. While the major
part of gold digseminated in iron sulfide mineral is discarded with iron sulfide mineral in cleaning

flotation.



Table 3-19  Summary of flotation test results on composite ore

“_mgﬁAséay Distribution
Product W Au Cu CAu | Cu
. g/t % A
DBulk & Diferential Flotation
Cale. Head 100.00 0.48 1.17 [ 100.00 | 106.00
Concentrate 4.11 5.20 19.95 44.30 69.82
Clnr Middling 5.35 1.39 4,27 15.40 19.45
Clnr Scav Tail 31.02 0.53 0.31 34.12 8.20
Rougher Tail 59.52 .05 0.05 6.18 2.54
Copper Selective Flotation
Calc. Head 100.00 0.53 1.26 § 100.00 | 100.00
Concentrate 2.97 4,77 23.68 25.08 b2.24
Clnr Middling 5.02 2.04 7.18 19.39 28.69
Cinr Scav Tail 11.49 1.07 0.89 23.34 8.14
Rougher Tatil 80.72 0.21 0.17 32.18 10.93
Copper Selective Flotation
with Scalping
Calc. Head 100.00 0.56 1.17 | 100.00 | 100.00
Scalp Conc. 1.08 3.96 22.67 7.55 20.383
Concentrate 3.42 4.01 17.33 24.30 50.68
Clnr Middling 3.57 2.21 5.19 13.97 15.84
Clnr Scav Tail 6.59 1.01 0.95 11.81 5.35
Rougher Tail 8b.34 0.28 0.10 42 .37 | 7.29
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{2) Determination of flotation process

Table 3-20 shows metallurgical results of three flotation methods at the concentrate grade of
20% copper. Bulk and differential {lotation method showed the highest result in copper and gold

recoverics,

Table 3-20 Comparison of overall flotation results

Buik & Conper selectiv Copper selective
Item differential ol he ¢ Sf. e:l: € flotation
flotation Orao with scalping
No. of cleaning 6 3 6
Grade of Cu eonc
Au glt 5.20 4.07 414
Ag glt 25.94 18.86 16.51
Cu % 19.95 20.24 19.81
Cu Distribution
Cong % 69.82 66.5H 61.03
Middling % 19.45 14.38 26.32
Tailing % 10.73 19.07 12.65
Au Distribution
Conce % 44.30 25.08 26.45

The optimum flotation method of this ore seemed to be Bulk and Differential process. The

{totation condition of this process is shown as follows.

Rougher Primary grind size 50% minus 200 mesh
KAX dosage 50 gft
Initial pH value 11.4
Flotation time 30 minute

Cleaner Regrind size 95% minus 200 mesh
pH value 12.8
No. of cleaning 6 stages

3-1-5 Summary of the tests

The metallurgical tests were conducted on the samples of the Hayl as Safil and Rakah
deposits to obtain the fundamental data for milling design. The three type of head samples of

Hayl as Safil, Rakah stockworlk and Rakah massive ores were tested. All the samples were taken



from the drill cores which were performed in this project in 1988, The main chemical components

of samples are shown as follows,

Component Hayl as Safil ore sLocllE?vL:)?llz ore malz:ilg:}hore
Au gh 0.5 0.5 9.1
Cu % 112 1.25 1.60
Fe % 16.52 20.43 35.13

S % 14.60 10.62 39.87
Si0; % 57.89 40.86 19.61
MgO % 2.35 6.13 0.02
AlbO3 % 3.17 10.13 0.35

Mineral constituent of head samples are shown as [ollows.

Hayl as Safil ore: This ore contained sul{ide minerals approximately 28% weight, the copper

minerals identified were chalcopyrite as the major copper mineral, covelline and chalcocite as
the secondary minerals in minor quantity. The fine grain size of copper minerals inclusion
locked with pyrite were found. The gangue minerals identified were guartz, chlorite and

hematite.

Rakah stockwork ore: This ore contained sulfide minerals approximately 21% weight, the

copper mineral identified was only chalcopyrile and no secondary mineral. The gangue

minerals identified were quartz and chlorite.

Rakah massive ore: This ore contained sulfide minerals approximately 76% weight. Because

the ore was highly oxidized, the most of copper minerals were secondary minerals including

silicate mineral. A lot of marcasite was identificd as much as pyrite.
The flotation characteristics of head samples are shown as follows.

Hayl as Safil ore: The flotation selectivity of minerals of this ore was not so good because of

fine mineral combination of chalcopyrite and pyrite and the oxidization of ore.

Rakah stockwork ore: The selectivity of minerals of this ore was good because the grain size of

chalcopyrite and pyrite was coarse and easily liberated. A lot of chlorite was identified as

gangue mineral, however, no harmful effect was found on flotation.

Rakah magsive ore: This ore could not be processed by flotation, because the ore consists of

highly oxidized mineral combination of very fine grain of copper minerals and iron sulifide

minerals.
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The overall flotation tests were conducted on composite sample of Hayl as Safil and Rakah
stockwork ores to delermine the optimum flotation method of bulk and differential {lotation,
copper sclective flotation and copper selective [lotation with sealping, Bulk and differential

flotation process achieved the best results on copper and gold recoveries.

3-2  Mineral processing plani description

3-2-1 Site consideration

The plant processes run of mine ores from the Hayl as Safil and Rakah pits. Suitable locations
for the plant could be found near both pits. Because of the ore transportation cost the plant
location was selecled near the Hayl as Safil pit which has twice tonnage of ore reserves as that of
the Rakab. The plant was planned to be built on a {lat area 500 m south of the Ilayl as Safil pit

perimeter.

In the selected site area, sedimentary rocks of the Olistostrome are found and these rocks have

sufficient load bearing capacity to install heavy machines.

A vast area close to south side of the plant is suitable for tailing dam. This dam location near
the plant is very convenient for technieal control on the operation of feeding tailing or feeding
baek reclaimed water. It seems that no mineral deposit exists under the plant and tailing dam
sites from the geological structure of this area. Ilowever, the reconfirmation by drilling should be

carried out prior to the construction works.

3-2-2 Fundamental conception of plant design

The mineral processing plant for Hayl as Safil and Rakah ores was designed on the base of
laboratory testwork which was carried out in this project and operating data of the Sohar plant.
The following two processes are designed in different way from those of Sohar operation.

{1} Crushing and grinding
The Sohar plant is operating in autogenous grinding but this plant’s comminution process is

designed in conventional way of three stage crushing and one stage grinding.

Autogenous grinding system generally replace all of the crushing stage of conventional
flowsheet except for primary erusher, but because the autogenous mill facilities are so expensive

that total capital cost may be same as that of conventional way.
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Although power consumption and liner wears in autogenous mill are generally higher than
those in rod mill and ball mill, total operating cost would be reduced by the effect of saving

grinding media,

Produet of primary crusher is fed te antogenous mill through coarse ore stockpile. The size
distribution range of the ore is so wide that the coarser {raction of the ore easy to segregate from

the finer fraction when it is delivered to the stockpile.

It is difficult to draw mill feed ore from the stockpile in constant ratio of coarse and fine

fractions, therefore size distribution of autogenous mill feed ore may wildly fluctuate usually.

In the operation of autogencus grinding different from that of ball mill grinding, the
fluctuation of size distribution of mill feed ore directly dominate quantity of grinding media in the
mill and have a serous influence upon characters of ground product. Double stage grinding
circuit, closed circuit operation and automation contral have some action on controlling
operational variations, however, notable effects could not be expected. Moreover in this project
processing two different type ol ore, another trouble occurs caused by the variation on ore mixing
ratio.

Although various difficulties occur in operation such large scale plants as porphyry copper
mills ot iron ore mills take autogenous grinding system as a comminution process, because

operating costs of autogenous grinding are lower than that of conventional comminution systen.

In small scale plants, however, the cost advantage of autogenous grinding is not so high as
large scale plants, from a viewpoint of the operation control it may be belter to avoid taking

autogenous grinding as a comminution process.

As this ore has few meisture and sticky materiais, conventional system of three stage
crushing will be operaled with no troubles, and produces fine mill feed ore which has goood effects

on stable operation of grinding and flotation.

(2) Flotation

In Sohar plant the ore is ground to 80% passing 200 mesh, eopper minerals selectively float in

the condition of depressing pyrite and other gangues in rougher {lotation circuit.

Chalcopyrite and pyrite in this ore are very [inely combined and fine grinding is necessary to
liberate chalcopyrite from pyrite, but combination between sulfide minerals and gangues is not so
fine and easy to liberate each other. It is confirmed in the tests that copper recovery of coarse size
in bulk flotation is almost same as that of fine size, because chalcopyrite locked in pyrite easily

float.
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Bulk and differential {lotation system is taken as a most feasible flotation process of this kind
of ore. Bulk flotation circuit is operated in coarse size and the bulk concentrate is reground in fine

size prior to differential flotation.

A reduction in capital and rurming cost of prinding and high [lotation rate in rougher flotation
are expected by coarse size operation, and coarse size tailing will be effective on stabilization of

bank body in tailing dam,

All the mine ore is processed in the plant except Rakah massive ore. Plant metallurgical
balance shown in Table 3-21 is estimated from the data of No. 105 bulk and differential flotation
test which showed the best separation result on the composile sample of Hayl as Safil ore and

Rakah stockworlk ore,

Table 3-21 Plant metallurgical balance

QGrade Distribution
Weight

Produet (%) Copper Gold Copper Gold
(%) (g/t) (%) (%)

(Rougher)
Mild feed 100.00 1.26 0.59 100.0 160.0
Rou’r conc. 40.00 3.06 1.40 97.1 94.9
Rou'r tail 60.00 0.06 0.05 2.9 5.1

{Cleaner)
Clr feed 40.00 3.06 1.40 97.1 94.9
Cl'r conc. 5.60 20.00 5.20 88.9 49.3
Cl'r  tail 34.40 0.30 D.78 8.2 45 6

(Overall)
Mill feed 100.00 1.28 0.59 100.0 100.0
Final conc. 5.60 20.00 5.20 88.9 49.3
Final tail 94.40 0.15 0.32 i1l 50.7

3-2-3 Process design criteria

The selection of plani processes and machines have been designed on the bases of fundamental

conception and design eriteria shown in Table 3-22.

3-2-4 Flowsheet description

This section briefly describes the process of the plant as designed on the bases of design
eriteria. 1t should be read conjunction with Iig. 3-24 Flow diagram, Fig. 3-25 Flowsheet and

Table 3-23 Equipmeni list. The general layout for the plant is illustrated in Appendix 8 (Fig, 1).
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Table 3-22 Process design eviteria (1)

. ! L o |
i Process ‘ Ttem i Unit i Quantity
— | 5 7*4
Operating Anual processing tonnage mt/y 1,080,000
condition | Scheduled operating days day/y 360
Average throughput mt/day 3,000
L . _
Character- Main component minerals of
istics Mill feed ore (estimate) |
of mill Sulphide minerals | % 27
feed ore Hematite % 3
Chlorite % 20
Quartz | % 30
Moisture content nearly O
Crushing Three stage crushing
| Scheduled operating hrs hr/day 24
i Availability % 69
Average running hrs hr/day 16.7
Crushing rate mt/hr 180
i
Max size of mine ore mm 1,200
Crushing product size
(80 % passing)
Primary {open circuit} IR 150
Secondary (open circuit) nn 28
Tertiary (closed circuit) mm 9.4
Coarse ore stockpile mt 2,000
{(primary crusher product)
Fine ore stockpile mt 3,000

(tertiary crusher product)
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Table 3-22  Process design criteria (2)

Process l Item Unit 5 Quantity
!
Grinding Single stage ball mill grinding
! closed circuit with cyclones
- — _
Scheduled operating hrs hr/day 24
Availability o 83
Average running hrs hr/day 20
Milling rate mt/hr 150
Grinding feed (80% passing) y7 9,400
Grinding pro’t (80% passing) M 150
Bond’'s Work Index kwh/st Wir= 13
lwh/st Wib= 12
Pulp density ( W% )
Ball mill discharge % 75
Cyvclone overflow %, 38
Circulating load % 350
{Percentage of new feed)
Regrinding Closed circuit operation with ball mill & cyveclone
Capacity mt/hr 63
Grinding feed (80% passing) M 100
Grinding pro’t (80% passing) i 38
Bond’s Work Index kwh/st Wi = 14
Pulp density { W% )
Ball mill discharge % 75
Cyclone overflow % 25
Circulating load % 250
{percentage of new feed)
Flotation Bulk & differential flotation

Pulp No. of Flotation
Circuit flow rate cells retention
{ m®/min) {300ct) time (min)
Rougher 4.89 ' 12 20.8
First eclr 5.41 6 9.4
Second clr 2.2 % 15.1
Third clr 1.46 2 i 11.7
Fourth clr VT2 2 [ 23.6
Clr scav'r 4.80 6 j 10.6
i H
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Fig. 3-24 Mineral processing plant flow diagram
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Table 3-23  Proposed plant equipment list (3,000 t/day) (1)

10

11

12

13

i4

15

16

Motor | No of]
Equipment Sige Details {kw) Unit
Grizzly 5mx4.d5m | griezly bar spacing 1
800mm
Hopper live capacity 30t 1
Vibrating 4'x12* | grizzly bar spacing 15 1
grizzly feeder 150mm
Primary crusher 42"x48" | double toggle type 130 1
openside setting
150mm
Belt conveyor 1.2ex35m | 12° inclined 11 1
Belt conveyor 1.05mx35m | 15° inclined T.5 1
Coarse ore live capacity 1
stockpile 2,000t
Vibrating feeder| .8mxl1.2m | valiable speed 11.1 3
motor drive
(3.Thkwx3)
Belt conveyor 1.05mx35m | 14° inclined 5.5 1
Belt conveyor 1.05mxd0m | 15 inclined 7.5 1
Secondary 5,100 STD cone crusher 130 1
crusher coarse Ltype
getting <Z2Z2mm
oil pump & others 5.9
Belt conveyor 1.2mx25m 9° inclined 7.5 1
Belt conveyor 1.2mx30m | 18° inclined 7.5 1
Vibrating 8'x20" | single deck 22 1
scereen Ripl-Flow type
screen aperture 13mm
Relt conveyor 1.05mx50m [ 13° inclined 11 i
Tertiary crusher 57-6" SH cone crusher 130 1
fine type
setting 3.5mm 5.9
0il pump & others 5.9
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Table 3-23

Proposed plant equipment list (2)

Motor | No of
No Equipment Size Details {kw) Unit
17 | Belt conveyor 1.05mx25m | 15° inclined 5.5 1
18 | Belt conveyor 1.05mx80m | 14° inclined 11 1
19 { Fine ore live capacity 1
stockpile 3,000t
20 | Belt feeder 1.2mx6,.5m | horizontal(7.5kwx2) 15 2(2)
21 | Belt conveyor . 9mx50m 5* inclined 5.5 1
22 | Belt conveyor Imx18m 7° ineclined 5.5 1
23 | Primary mill 15'x16' | overflow type 1,550 1
ball mill
compressor 3.7
24 | Sand pump 10"x8" 100 1{(1)
25 | Cyclone 26" 2(1)
26 | Conditioner Zm¢ x2m . 7.5 1
27 | Rougher 300cf (22, 5Kwx12) 270 12
flotation cells
28 | Sand pump 8"x6" 30 1(1})
29 | Cyclone 15" 3{1)
30 | Regrinding mill 11'x16' | overflow type 750 1
ball mill
compressor 3.7
31 | Sand pump 6"x4" 15 1{(1}
32 | First cleaner 300ct (22.5Kwx 6) 135 6
Flotation Cells
33 | Sand Pump I"x2" 5.5 1{(1)
34 | Second Cleaner 300cf (22.5Kwx 4) 90 4
flotation cells
35 | Sand punp 3"x2" 5.5 1{1)

No of Stand-by Unit { )
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Table 3-23

Proposed plant equipment list (3)

Motor | No of
No Equipment Size Details {kw) Unit
38 | Third cleaner 300t {22 .5Kwx 2) 45 2
flotation cells
37 | Sand pump 3"x2" 5.5 |- 1{1)
38 { Fourth cleaner 300cft (22.5Kwx 2) 45 2
flotation cells
39 { Cleaner scavenge 300cf (22 .5Kwx 6) 135 6
flotation cells
4Q | Sand punp 3"x2" 5.5 1{1)
41 | Concentrate 20m¢ centre drive type 3.7 1
thickener
42 | Sand punp 3"x2" 5.5 1(1)
43 | Vacuum filter 10'x18 jdrum type filter 5.9 1
vacuum pump 65
compressor 22.5
filtrate pump 3.7
44 | Belt conveyor .Amx35m | horizontal 3.7 1
45 | Stockyard 3bmx1Z2m | 1ive capacity 1,500t 1
46 | Cu conc haulage 20t Truck 10
47 | S3and pump 10" x8" 50 1
48 | Tailing 45meg centre drive type 4,4 1
thickener
49 | Send pump 6"x4" 30 (1)
50 | Tailing dam capacity 1
7 milion t
51 | Water pump 75 1(1)
52 | Water pump 22.5 1(1)
53 | Water pump 75 1(1})
54 | Water tank capacity 400 cub m 1

No of Stand-by Unit ( }
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(1) Primary crushing (see Appendix 8, Fig. 2)

Run of mine ore hauled by 30 L lorry is tipped on a scalping grizzly. The undersize product
falls into a surge hopper of 30 t live capacity, large rocks on grizzly are spalled by impact breaker.
Under the surge hopper a 4 X 12" Vibrating grizely feeder is installed for withdrawing the ore to
a 42" X} 48” Jaw crusher. Iis product discharges onlo a 1.2 m wide belt conveyor. A second

conveyor of 1.05 m width delivers the ore to a coarse ore stockpile with live capacity of 2,000 4.

(2) Secondary and tertiary crushing (see Appendix 8, Figs. 3 and 4)

The ore is reclaimed from stockpile by three .8 m X 1.2 m feeders and fed to a 5,100 STD cone
crusher through two belt conveyors. The crusher products are conveyed to a 2.4 m X 6.0 m single
deck vibrating screen with 13 mmm X 13 mm aperture woven wire cloth, and undersize product is
taken as mill feed and conveyed to a fine ore stockpile with live capacity of 3,000 t. Oversize
product from the sereen is conveyed to a 56" SI1 cone crusher. Tor the sake of capital cosis
saving, [ine ore stockpile is selected instead of fine ore bin. it seems thal no technieal troubles will

accur in stockpile at few rainfall climate of mine site.

(8) Grinding (see Appendix 8, Figs. 5 and 6)

Mill feed is reclaimed from the stockpile by four 1.2 m X 6.5 m belt feeders controlled by
constant feed weigher and fed into a 15’ X 16’ ball mill which is in closed circuit with three 26”
cyclones. Grinding operation shall be controlled to get the cyclones overflow at 38% solid, 55%

minus 200 mesh. Regrinding systemisa 11’ X 16’ ball mill with four 15" cyclones.

(4) Flotation (see Appendix 8, Fig. 6)

The fine overflow from cyclones is piped to 12 cells of 300 ef (8.5 m3) rougher circuit. The
tailing from rougher circuil joining the tailing of cleaner circuit are discarded as final tailings.
The bulk concentrate floated in rougher circuit is ground to the size of 20% minus 200 mesh in
regrinding mill to liberate chalcopyrite from pyrite and fed to 20 cells of 300 ¢f cleaner circuik
where the final copper concentrate is recovered by depressing pyrite through four stage cleaning.
The tailside 6 cells of the cleaner circuit are arranged as scavenger, enabling the overall cleaner

tailing to be discarded as final tailings.
(5) Concentrate dewatering (see Appendix 8, Fig. 7)

The concentrale dewatering process consists of a 20 m¢ X thickener and a 10" X 16’ drum

type vacuum filter.
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The copper concentrates are loaded into lorries and hauled to Sohar smelter. If Lhe
concentrates contain high moisture, they will be liguidized by the quake during the way and may

eausce flow loss.

‘The moisture contents in copper concentrate in this ore may be higher than other ordinary
concenirate, because very fine regrinding is necessary prior to eleaner flotation. Installation of
pressure filter which has high dewalering performance may be considered in this case. This
machine, however, cannol operaie conlinuously and dewalering capacity is much lower than the
same size vacuwn {filter. Ifthe deum type vacuum filter is selected, it will not be impossible to get

filter cakes nearly 10% moisture contents in good operating condition.

The copper concentrate stock yard is designed to have sufficient capacity for the fiter cake
storage before loading into lorries. The cxcess moisture in the [ilier cakes will evaporate during

the storage in very dry climate at mine site.

(8) Tailing disposal (see Appendix 8, Fig. 8)

Iinal tailings are pumped to a 45 m¢ thickener, The underflow {rom thickener is pumped at
60% solids fo the tailing dam located south side of the plant. Final tailing size is coarser than that
of Sohar mine by coarse grinding in primary mill, and a lot of lime added in flotation assist
{locculating of fine particles and clear decant water could be obtained in the thickener and tailing

dam.

(7) Mill water

Mill water balance is shown in Table 3-24. Mill water requirement is grinding 5.5 m3/min,
flotation and others 2,0 m3/min total 7.5 m3/min, that is equivalent to 3.0 m3/t. Water loss in
tailing dam is 1.5 m3/min and remaining 6.0 m3/min of water will be reclaimed mainly from

tailing stream:.

Raw water make-up for water loss is supplied from underflow of river by well. The plant site
is situated on upper stream region of the river where only few water may be supplied, the water
intake facility is planned to install near Yangul 15 km downstream from the plant site where
many rivers join together. The survey on the water intake in Yanqul will be carried out by the

Ministry of Petroleum and Minerals.

(8) Power supply

Electric power is supplied (rom power transmission network of the Ministry of Electricity and
Water. The Hayl substation which 15 located some 20 km south of mine site have a sufficient

capacity to supply power for the plant. The construction cost of power transmission line from Hayl
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subsiation to mine site through Yanqul substation shall be born by this project,

3-2-5 Operation
(1) Plant organization and manpower

Under the metallurgical superintendent the department is divided inte three sections, plant
operation, laboratory and assays and maintenance, The manpower of operation and maintenance
on mineral processing plant and tailing disposal is planned to be 104 persons. The details of

manpower requirement are shown in Table 3-25.

The plant is to be operated continuously on a 3 X 8 hour shift system. The plant operation
consists of eight processes namely primary crushing, secondary and tertiary crushing, grinding,
flotation, concentrate dewatering, tailing disposal, lime plant and Yanqul pamyp station. Under a
shift forman 13 operators compose a shift crew. Total 51 persons are in plant operation, 42

persons in shift crews and 9 persons in day works.

Metallurgical tests and technical studies concerning processing operation arve perfomed by
laboratory. Samples of mining and processing operalions are assayed by assay plant. Tolal 22

persons belong to laboratory and assay section.

Daily maintenance and repair works of machines and equipments are carried out by
mechanical and elecirical technicians. T'wo civil technicians are in charge of safty and pollution

contrl of tailing dam. Total 28 persons belong to maintenance seclion

{2) Operating materials

The operating material consumptions are shewn in Table 3-26. The figures of flotation
reagents and grinding materials are estimated from the data of metallurgical test, and the other
materials mainly from the operating resulis of Sohar plant. Because the grain size of the
component minerals in this ore is so fine that fine grinding is necessary to get enough liberation of
each minerals. Some part of the ore are suffered from oxidizalion by weathering and have no good
selectivity in flotation. Therefore the consumptions of grinding maierial and flotation reagent are

higher than other ordinary ore.

(3) Power consumption

The power demand of the plant is estimated to be 3,800 kw from designed motor powers as
shown in Table 3-27. The unit power consumption will be 25 kwh/t. Power is supplied from the

Ministry of Flectricity and Water at an annual average rate ol 0,019 R.O/kwh,
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Table 3-25

Manpower requirement. of Metallurgical department

Section

Salary and Wage Grade

10

Total

Superintendent

(PROCESSING PLANT)

General Foreman

Sift Foreman

N

Primary crushing

Sec/Ter'y crushing

| _Grinding

Flotation

Cong. dewatering

Tailing disposal

Lime plant

[ZLERILE R/ RNJLERIL Y R AR

Yangqul water pump

Day works

{Subtotal)

[l B A VE R e r B IR R PL N s S O g RN N e

o

{LABORATORY & ASSAY)

1

Chief Metallurgist

Laboratory

11

Assay

11

{(Subtotall

23

(MAINTENANCE)

Supervisor

Mechanical

Electrical

Civil{Tailing Dam)

{Subtotal)

Total

22
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Table 3-26 Estimate operating material consumption

Unit thy Unit price Amount
Items g/t t/y R.O, US$ UsSs/y Uss/t
Limes 5,000 | 5,400 12 31 168,480
Frother 20 22 778 | 2,023 43,692
Callector 50 54 557 | 1,448 78,203
Reagent total | 290,375 | 0.269
Ball 80mm 1,000 | 1,080 258 671 724,464
Ball 30mm 400 432 308 801 345,946
Ball total 1,070,410 | 0.991
Crusher liner 66,528
Ball mill liner 74,080
Liner total 1 140,608 | 0.130 |
Operating
congsumables 44,678
Machine parts 725,253
YVehicle fuel parts 111,049
Lab'ry materials 28,244
Miscellaneous 18,909
Others total r‘f 928,133 | 0.859
Total 2,429,526 | 2.250
Table 3-27 Estimated power consumption
Equipment Calculation Results ]
{(Motor power) (Availablity)
Primary mill 1,650 kw X .93 = 1,447 kv
Regrinding mill 750 Kw X .94 = 704 Kw
Mill(others) 1,295 kw X . 85 = 1,100 kv
{( Mill subtotal ) | ( 3,595 kw X .904 )= ( 3,251 Kkw 2
Crushing plant 627 kw X .70 = 369 kw
Lighting & others 180 kw
Total 3,300 kw
Crushing plant 527 kw <+ 180 t/h = 2.05 kwh/t
Mill 3,251 kw -+ 150 t/h = 21.67 kwh/t
Lighting & others total X 5 % = 1.28 kwh/t
Total 25.00 kwh/t
Total consumption | 25.G0kwh/tX 1,080,000t/y = Fg?,OOO,OOO kwh/y
.019 RO X 2.6 US$/RO
Power cost X 297,000,000kwh/v= 1,333,800 USs/y
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(4} Total operating costis

Total operaling costs shown in Table 3-28 are estimated from unit prices and the consumnption

data of manpower required, operating materials and powers,

Table 3-28 Estimated operating costs

1,080,000 tons/year
{tem Details US$/y US§/t
Wage & salaries number of employees = 104 1,043,230 0.966
Operating materials 2,429,526 2.250
Power 4.94efkwh > 27,000,000 kwh= 1,333,800 1.235
General expenses 12,400 0.011
Totlal 4,819,006 4,462
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Chapter 4 Waste dump and tailings dam

4-1  Waste dump

Two waste dumps are Lo be constructed for the mine development. They are shown in Fig. 1
and [fig. 4-2 (1). One is adjacent to the Hayl as Safil pit and the other is to Rakah pit. The sizes of
the dumps are 500,000 square meters and 300,000 square meters for Hayl as Safil and Rakah
respectively. Owing lo sufficient area available for the dumps, the height of both dumps are only
20 meters which is considerably low and consequently the dumps are very stable.

Before the commencement of waste dump construction, it is essential to check the sites by

drilling in order o confirm non existence of mineral deposits beneath the proposed sites.

4-2  Tailing dam

4-2-1 Selection of tailing dam site

Alter studying tailing dam site on valleys of Oman mountain range or flat areas around Hayl
as Safil, the location of dam site has been selecled to vast flat area close to south side of the plant,
beecause the valleys of the mountain range are so narrow that could not acquire a sufficient
capacity.

The tailing dam site shown in Fig. 4-1 is slightly elevated area between two rivers Wadi ilayl
al Ali and Wadi Falaj Sudayriyin. In few rainfall region like this mine site rivers flow usually in
underground, but when a heavy rain falls the water level of under stream will rise up to the

surface, though, in such cases it will have no serious frouble on this dam site.

4-2-2 Topography and nature of ground

Topography of the site is slightly inclined at north-east gradient of 1/80, and the area of the
site is east-west 1.2 km, north-south 1.2 km.

The geology of this site is terrace structure same as that of the processing plant. The nature of
ground is gravel and sand layer cemenied by calcite having unpermeable quality and sufficient
load bearing capacity to the construction of banking or drain culvert. The decant water separated

from settlings will not permeate into ground.
4-2-3 Dam

The 3,400 m long dam is eonstructed around the site area as shown in Fig. 4-1. Height of dam

is 18 m in south side and 0.5 m in north end. The dam is construcied by piling up wast rocks of
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Fig.4-1 Planoftailing dam
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Hayl as Safil pit and using soils of site area for filter section of dam as shown in Fig. 4-2. The

design specifications of banking are shown in Table 4-1.

4-2-4 Drainage facility

Final tailings of the plant are discharged {rom the downstream side of the dam. The coarser
{raction of tailings will settle near the dam and the finer fraction will flow to upstream and settle
there, Inside the dam area two lines of underlying drain culveris shown in Fig. 4-1 are
constructed on the bottom. The decant water separated {rom the settlings will flow into the drain
culvert through spillways shown in Fig. 4-3.

All the rain water that falls inside the dam area flows into the drain culvert through the
spillways and then discharges outside of the dam. Tt is not necessary to provide an emergency
drain because there is no basin other than the inside of the dam (120 ha). T'wo lines of culverts are
designed to act as a stand by unit each other. The design criteria of drainage facility are shown in
Table 4-2.

The discharge capacily of drain culvertis four times of maximum rain water inflow. The spill-
way has suflicient capacity of collecting water in operation (0.017 m3/sec). Many spillways should
be opened to collect a lot of water in heavy rain, of course excess water could be stocked temporary
in the dam. For the sake of salety the end of the drain culvert must be opened lo act as an

cmergency drain.

4-3  Other facilities
(1) Pitdrainage

The seepage water in the pit is to be pumped up by submergible pumps. The water is directly
delivered to the tailing thickener through pipe line. The heavy metal ion in the water is to be

neutralized by thickener water which has high pIl value due to concentrator operation.

(2) Dust prevention for the mining hauling road

Two unils of water tank lorries are allocated for dust prevention for the mining hauling road.
‘Phey are for Hayl as Safil pit and Rakah pit respectively.
Reclaimed water from the concentrator is to be supplied to these lorries in order to save the

fresh water.
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Table 4-1  Specification of banking

Ttem Ruantity
Dam Final height of dam 18.0 m
Final altitude of dam 678.0 m
Final altitude of settlings B875.0 m
Earth Rock fill material 1,400,000 m®
Volume Filter material 610,000 ™
Total 2,010,000 m=
Storage Alutitude Cumilative
Capacity volume
$65.0 m 600,000 =
667.5 m 1,600,000 m°
670.0 m 3,100,000 m™
672.5 m 4,900,000 w2
675.0 m 7,200,000 m®
Table 4-2 Design criteria of drainage facility
Item Quantity
Rain Rainfall intensity 10 mm/hr
water | Catchment area 1.2 kw®
Coefficient of discharge 1.0
Max. rain water inflow 3.4 m?/sec
Culvert Discharge capacity
of a drain culvert 6.8 m%/sec
Spillway Flow capacity of a spillway
Water depth 0.55 m .16 m¥/sec
0.7 m .19 m®/sec
1.256 m .24 w2 /sec
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Chapter 5 Supporting

TFinance, commerce, general affairs and personnel sections are planned as supporting
department in the operation of the project. In addition to the above mentioned, engincering
department is working as the independent body in supporting department at the Sohar mine
which is now under operation. Itis basing on the idea that overall maintenance for operations of
mining, mineral processing and smelfing /refining are under control of the engineering
department at the Sohar mine.

In this project, engineeri.ng department was not independently established, because without
smelting/refining section, a size of operation will be supposed much smaller than that of the Sehar
mine.

Proposed organization chart of supporting department is shown in Fig. 6-1 (4), (5) of Chapter

Construetion cost of the facility such as the buildings for office of supporting department,
warehouse of materials necessary for operation etc. is amounted to US$275,200 (Table 8-2).

Operation cost of supporting department is amounted to US$1,566,900/year in total,
consisting of US§816,700/year for personnel and US$750,200/year for material.
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Chapter 8 Organization and manuning plan

Basic concepl for the organization and manning plan in this development project is derived
from the idea of the Sohar mine which is now under operation and having a similar operating
environment, with the exception of thinking on engineering department deseribed in Chapter 5.

Regarding to the engineeving department, it is planned for maintenance of mineral processing
plant by maintenance team of mineral processing department and maintenance of mine heavy
equipment by heavy equipment repair team of mining department (Fig. 6-1 (2), (3)).

Every effort is made for establishing an ellicient organization with reducing as poessible the
number of persons in manning plan of each department. However, on the other hand, some
increment of personnel are estimated during 5 years from commencement of operation, te promote
systemalically the Omanization of employees.

In conerete terms, voeational schooling mainly through on the job training for a duration of
one year, is carried oul for 20 newly joined employees of the ranking from middle standing
engineers to nucleus workers level, and it should be continued 5 years over. By this training, it is
planned to upgrade 100 Omani employees and to replace the foreign employees with them,

Estimating from the present circumstances of the Sohar mine, ratio of Omani employees at
the stage of entering into mine production, is supposed Lo be less than 30% of fotal employees,
considering that the Omanization to be available from the initial stage is limited to only drivers of
mining dump truck. However, it is possible to improve the ratio to be more than 50% of total
employees after b years operation, with prometing the above mentioned Omanization programme.

Proposed organization charis are shown in Ifig. 6-1 (1)~-(5) and a breakdown of personnel cost

1s shown in Table 6-1.
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Chapier 7 Infrastruclure

7-1  Transportation

7-1-1 Transportation of construction materials and operating supply

The route of transportation for mine construction machinery, equipment and materials and
operating supply is appropriate from Muscat — Nizwa — Ibri ~ Yankul to proposed location of mine
construction basing on the results of site investigation. Within the above route, 365 km of road
between Muscat and Yankul is well paved and it is adequate to overland transport ineluding large
trailer truck. The local road of 13 km from Yankul to proposed mine site is not paved, but above
menfioned everland transport is practicable subject to maintenance work with motor grader and
others. Purchasing cost of motor grader etc. and maintenance cost of the portion of local road are

included in mine planning.

7-1-2 Transportation of copper concenirate
{1) Route of transportation

Copper concentrate produced at the mineral processing plant is sent to the Sohar smelter
using truck bransport. Site investigation of the route shown in Fig. 7-1 was carried ouf in the first
year and the phase II {(final year). Route 3 and Route 4 out of total 4 routes have shorter distance
of transportation, but approximately 70% of the total extension is not paved. In addition both
routes contain severe conditions in view of inclination and curvature due to traversing the Oman
Mountains, As the results, these two routes are considered to be not satisfactory roads for truck
transport, even though they will be paved in future. Consequently, route I which is completely
paved from Yankul to the Schar Smelter should be adopted for the time heing, and it is planned to
change with Route 2 of much shorter distance transport, if and when the road between Yankul
and Dank will be paved in accordance with a road improvement work by the Government in

future.

{2) Method of transportation

Volume of concentrate product {Dry) 171 t/day

Volume of concentrate product (Wet) 190 t/day

Number of trucks required 20 t dump truck X 10 unit
Loader 2.3 m3 wheel loader X 1 unil

Copper concentrate filtered and dewatered is onee piled at stock yard, and then it is loaded on

trucks by wheel loader. Transportation is normally operated by one trip per day. Purchasing cost
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Junction B

Junction A

SOHAR MINE &
" SMELIER

Gravel road
Route Paved road Total
Minesite Yanqul-
~Yanqul
(km) {km) (km) {(km)
1 275 13 0 288
2 186 13 42 241
3 60 11 101 172
4 40 11 110 k61

Iig.7-1 Copper concentrate haulage road
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of trucks and a leader is included in capital cost of mineral processing department. Running and
management of trucks are planned on the assumption to be carried out by a contracted

transporter.
7-2  Water supply

The operation of mineg, based on this development project requires fresh water of 1.5 cubic
meter per minute, or about 2,200 cubic meter per day, mainly for using in mineral processing
operation as described in 3-2-4 (7) of this report under the heading of Mill water. Whether the
fresh water can be secured or not is a {atal matter for this project. Apart {rom a preoblem of water
utilization right, it is considered to he able technically to secure fresh water through taking
subsurface water as a result of site investigation. Construction cost of pump and delivery pipe is
included in capital cost of mineral processing department. Location map of the estimated delivery

pipe line is shown in Fig. 7-2.
7-3  Electricity

The estimated demand of electricity is amounted to about 4,000 kw mainly for operation of
mineral processing and demand of other departiments is quite small. The necessary electricity is
supplied by construction of power line extension of about 23 km from the Hayl substation.
Construction cost ete, are described in 3-2 of this report, and these are included in capital cost of

mineral processing department. Location map of power line is alse shown in Fig. 7-2.
7-4  Communicating system

Communication network in the Sultanate of Oman is composed of microwave system
connecting prineipal cities and wire telephone within short distanced region. Communicating
system of this project is planned with wire telephene and facsimile by constructing telephone wire
line for a distance of about 13 km from Yanqul telephone office. Capilal cost of this part is

amounted to US$104,800.
7-5  Housing facilities

Housing facilities for this project are planned to set up in the urban district of Yankul, Stores,
schools, clinics, mosques and other facilities necessary for lives of employees and their families

are already existing in Yanqul.
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Number of company house is ealculated in the manner of mulliplying the number of
employees of Lhis projeet by a ratio belween number of employees and number of company houses
of the Sohar mine. Among these, high grade houses are prepared {or the manager of each
department, mine superintendent and metallurgical superintendent, Middle grade houses are
used for married employees of over the salary grade 5. Standard grade houses are allotied for
married employees of under the salary grade 6. Single employees move into a roomn of equivalent
grade in bachelors quarter, according to their salary grade. It is oxpected that fairly large number
of Omani employees come to work from their own house in the same way as the Sohar mine,

Company houses to be constructed are as follows and their consiruction cost is amounted to

US5$2,849,000.

For married employees:

High grade T houses
Middle grade 11
Standard grade 25

For single employees:

Dormitory 103 rooms
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Chapter 8 Initial and additional investment, operating cost

(1) Initial investment

The initial investment necessary for this development project is amounted to US$54,815,500
in total. Breakdown of the above mentioned is shown in Table 8-1. As a direct construction cost,
total of mining and mineral processing departments is amounted to US$40,735,300 and the ratio
is about 75% of the total initial investment. Construction cost for supporting department and
infrastructure is amounted to US$6,060,300 and the ratio is about 11% of the tolal initial
investment.

Principle mine heavy equipment and mineral processing machinery among others are
integrated basing on the quotations from respective sales agents. The other construction cost is
estimated with adopting Lhe most suitable assumption price at the present stage.

Furthermore, a 5.4% of the above mentioned direct construction cost is allocated as a

contingency. And also 11.8% is estimated for engineering (ee of detailed design and construction

management fee.

Table 8-1 Summary of construction cost

Construction | Percentage
Ttem cost

(US$1, 000) (%)
Mining 19,1727 35.0
Concentrator 21,562.6 39.3
Mine general items 2,935.6 5.4
Infrastructure 3,124.7 5.7
Sub-total 46,795.6 85.4
Contingency 2,506.3 4.6
Pesign, Engineering and 5,513.6 10.1

Construction management fee

Sub-total 8,019.9 14.6
Total 54,815.5 100. 9

(2) Additional investment

The capital cost estimated for the years after commencement of operation as the additional
investment is used for stripping work of surface to be carried oul in the 1st year of operation at the
Rakah deposit and supplement or replace of mining heavy equipment. Stripping work cost of the
Rakah deposil is amounted to US$1,410,300 and purchasing cost of heavy equipment is amounted
to US$1,917,700.
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Detailed annual programe of initial investment and additional investment is shown in Table

B-2.

(3) Operating cost

In operating cost of mining, unit cost of mining operation is caleulated separately for ores from
the Rakah deposit and the others (ores from the Hayl as Safil deposit and wastes from both
deposits), basing on a difference of hauling dislance. Unit cost of ores from the Rakah deposit is
amounted Lo US$1.539/ton and of the others is amounted to US$1.121/ton,

Operating cost of mineral processing is amounted to US$4.462/ton, Operating cost of support-
ing department is amounted to 1JS%1,566,900/year and transportation cost of copper concentrate
is amounted to US$10.00/ton.

In addition to the above, US$303,100/year is allocated as a training cost of newly joined
employees for a period of § years after commencement of operation lo push forward the
Omanization programe.

Annual operating cost computed with the above mentioned calculation basis is shown in T'able

9-3 of the next chapter, under a heading of Direct operating cost.
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Chapter 8 Overall evaluation

8-1 Tinancial evaluation

(1) Annual production schedule

Annual production schedule has been developed based on Table 2-6, 2-7 and 3-21, 1t is shown
in Table 9-1. The copper recovery is adjusted according to the MMuctuation of crude ore copper
grade. Total copper concentrate production through 8 years operation is 473,004 ¢ (Cu 20.0%, Au
5.2gft).

(2) Estimated annual revenue

The major premise for the financial analysis and economic analysis on this project is that the

project is financially independent from Sohar mine.

The smelter terms used in this evaluation is international standard condition at present. The
aclual cost and recovery of Sohar smelter was not used in order Lo evaluale this project objectively.
An objective evaluation of this project is meaningful when the project is considered as a

combination with Sohar mine and smelter.

Estimated annual revenue is shown in Table 9-2. The metal price, Cu 100 USc/lb and Au 400
US$/oz, used in this caleulation are the estimation from recent 30 years metal price record. The
tonnage and grade of concentrate is given in Table 9-1 which is shown previously. Payable metal

conlent is oblained by multiplying metal content in the concentrate by smelter recovery.

Gross revenue is obtained by multiplying the payable metal content by the metal price.

Realization cost consisis from T/C and R/C. Total net revenue is US$ 177,131,600.

{3) Annual profit (foss) and cash flow (Finanecial evaluation)

Annual profit (loss) and cash flow is shown in Table 9-3. Net revenue is delivered from Table

9-2. Direct operating costs are described in chapter 8.
Royalty ecaleulation has followed the MINING PERMITS REGULATIONS, Second Schedule.

Depreciation has been obtained on the basis of “proportionate to the crude ore production”.
Interest rate is 10% and interesl is calculated on the principal at the beginning of the year.

Income tax has becn caleulated following the regulation.

Total profit before tax is US$ 871,800, tax is US$ 272,400 and net profit after tax is US$
599,400. The copper break even is USg 99.7/1b.
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Tax in cash flow statement is to be deducted in the next year.

Liquity is 25% of the initial investment. The rest which is 75% of Lhe inilial investment,
interest during construction period and working capital are te be covered by loan. Interest during

construction period is depreciated.

Additional investment is given from Table 8-2. Working capital has been increased/decreased

so that it is maintained at a level of 3 months operation cost.

All the net generated eash has been used for loan repayment in order to reduce the principal

as early as possible and to reduce inferest payment,

The [RR to the project and IRR to the equity have been calculated. They are 6.40% and 0.50%

respectively.

9-2 Heonomic evaluation

Annual profit (loss) and cash flow (Economic evaluation) is shown in Table 9-4. “Annual

production schedule” and “Estimated annual revenue” are the same as former section.

in this economic evaluation, royalty and income tax are exempied. Regarding labor cost,
there is no room for adjustment because Oman is highly depending on the foreign workers.
Operating supply cost also can not, be adjusted because most of operating supply is imported from

foreign countiries.

Economic IRR to the project is 8.90% and IRR to the equity is 7.96%.

9-3 Sensitivity analysis

Sensitivity analysis has been conducted on the financial IRR to the project. Resulls are shown
in Table 9-5 and Fig. 9-1. The items tested in this analysis are copper price, capital cost and

operaling cost.
The base conditions are the same as that of {inancial evaluation.

The analysis has proven that this project is most sensitive to copper price.
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Table 9-5 Sensitivity analysis on the FIRR (project)

Cu Capital Operating cost
price cost +20% +10% | 0% | -10% -20%
_¥20%  1-16.24 | -12.589 | -9.34 | -8.37 | -3.863
L R10% ] -15.02 | -11.25 | -7.88 | -4.81 | -1.96
-20% ] 0% |-13.66 | =-9.75 | ~-6.25 | ~3.05 ¢ -0.07,
oD% g -l2.42 g -8.04 ) -4.38 ) o1 04 ) 2.08
-20% ~-10.35 -6.08 ~-2.23 1.3¢0 4.60
+20% | -8.49% | -5.63 1 -2.86 | -0.45 | 1.92
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Chapter 10 Conclusion

Open pit mining method is the most suilable mining method for these deposits, The cut-off
grade is Cu 0.35%. Maximum allowable stripping ratio {or Hayl as Safil is 11.3, and for
Rakahitis 6.8.

3,000 t/day, 8 years operation is optimum eperation size [or this project.
Minable ore reserves are;
Tonnage (t) Cu (%) Au (g/t)
Hayl as Safil deposit 6,284,436 1.28 0.58
Rakah deposit 2,123,833 1.22 0.62
Total 8,408,269 i.26 0.59

Hayl as Safil deposit requires 12,000,000 1 of pre-stripping and Rakah deposit does
3,136,000t. Wadi al Hayl al Ali needs to e diverted.

The fotation characteristics of head samples are;

Hayl as Safil ore; The flotation selectivity of minerals of this ore was not so good because

of fine mineral combination of chalcopyrite and pyrite and the oxidization of ore.

Rakah stockwork ore; The selectivity of minerals of this ore was good because the grain
size of chalcopyrite and pyrite were coarse and was easily liberated.

Rakah massive ore; This ore could not be processed by flotation because Lhe ore consists of

highly oxidized mineral combination of very fine grain of copper minerals and iron sulfide

minerals.

The comminution process is designed in conventional way of three stage erushing and one
stage grinding.

Bulk and differential {lotation system is taken as a most feasible {lotation process of this
kind of ore.

Estimaled concentrate Cu grade is 20.0%, Au grade is 5.2.g/t, copper recovery is 88.9% and

gold recovery is 49.3%.
Waste dumps and tailing dam are designed.

Supporting department has been planned. Organization and manning plan have been

developed.
Transportation, water, electricity and housing facilities were designed.

Total construction cost is US$ 54,815,500.
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(11} PFinancial IRR to the project is 6.40% and IRR to the equity is 0.50%.
Sensilivity analysis on the [inancial IRR has shown Lhat the project is most sensitive Lo

copper price,

(12) Economic IRR to the projoet is 8.90% and IRR Lo the equily is 7.96%.
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PP’lan maps for each mining level of the Hayl as Safil deposit
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Appendix 2

Plan maps for each mining level of the Rakah deposit
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