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PREFACE

In response to the Government of the Sultanale of Oman, the Japanese Government decided
to conduct a Preliminary Feasibility Study {or Mine Development Project in Rakah Area and
entrusted the survey to Japan International Cooperation Agency (JICA) and Metal Mining
Agency of Japan (MMAJ).

The JICA and MMAJ sent 1o the Sultanaie of Oman a survey team for two field seasons from
1988 to 1989, headed by Mr. Takehiko Nagamatsu. The team exchanged views with the officials
concerned of the Govenment of the Sultanate of Oman and conducted a field survey in the Rakah
areca. After the field survey, further sludies were made and present reports have been prepared.

The reports consist of three volumes, The summary of the work, exploration results and the
preliminary feasbility study for mine development are given in Volume I, Il and 11 respectively.

We hope that this report will serve for the development of the project and contribute to the
promotion of friendly relations between our two couniries.

We wish to express our deep appreciation to the officials concerned of the Government of the

Sultanate of Oman for their close cooperation extended to the team.

February, 1990

Kensuke Yanagiya

President

Japan International Cooperation Agency

Cen-ichi 'ukuhara

President

Metal Mining Agency of Japan
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Chapter 1 Determination of opervation size

1-1  Determination of cut off grade

The cut off copper grades for both open pil mining and underground mining melhods have
been delermined prior to the selection of the most suitable mining method and the determination
of oplimum operation size on Hayl as Safil and Rakah deposits.

Tentative figures have been used for the determination,

(1) Cutoff grade for underground mining method

As isshown in Table 1-1, the cut off grade for underground mining method is 1.25%.

Table 1-1 Cut off grade determination for underground mining

Auprice (US$H/Lroz) 400 400 400 400 400
Cuprice (USglly 80 90 1060 110 120
Ore grade
Copper | Gold Net value (US g/lon ore)
(%) (g/t)
1.15 0.646 ~594.00 —374.95 —155.90 63.15 282.20
1.20 0.667 —528.27 —2899.69 -71.12 157.45 386.03
1.25 0.688 —462.53 ~224.44 13.66 251.76 489 85
1.30 0.708 --396.80 —149.18 08.44 346.06 593.68
Followings are the assumptions used in this calculation.
a. Pirect operating cost
Mining cost {US$/t ore) 10.6
Concentrator {US%/Lore) 4.8
Cu-conc. transportation (US$/t cone.) 10.0
Supporting (US$/1 ore) 1.8
h. Depreciation (US$/t ore) 5.7
¢. Cu-concentrate
Cu grade (%) 22.0
Curecovery (%) 90.0
Aurecovery {%]) 66.0




d. Smeller terms

Cu T/C {(US$/t cone.) 65.0
TIC {UBgh) 8.5
Recovery (%} 96.0

Au R/C {US§/troz) 6.0
Recovery {gi —1.0) X 98.0%

(2) Cutoff grade for open pit mining method

The pit design should be restricted by the maximum allowable stripping ratio which is
described in the latter part of this section. The cul off grade here is the critical copper grade where
the material turns to ore or to waste at the pit operation.

Therefore the mining cost and the depreciation cost have been eliminated at this caleulation.

The cut off grade is 0.35% which is shown in Table 1-2.

Table 1-2 Cut off grade determination for open pit mining

Auprice (US$/troz) 400 409 400 400 400
Cuprice {USeAb) 80 30 100 110 120
Ore grade
Copper | Gold Net value (US ¢/ton ore)
(%) (g/t)
0.25 0.086 - 344.87 —297.25 —249.63 —202.01 —154.39
0.30 0.146 —249.96 -192.82 —135.67 —78.53 —-21.39
0.35 0.206 —155.06 —88.39 - 21.72 44 .95 111.61*1
0.40 0.266 —60.15 16.04 92.23 168.43 244 62

1-2  Selection of mining methaed

The open pit mining method has been selected for both Hay!l as Safil and Rakah deposits.

I'eilowings are the reasons for this selection.

{1} The ore bodies are situated in rather shatlow place.

(2) High grade portions are situated in the upper part of the deposits.

{3} The average copper grade is relalively low and the ore reserve for the underground
mining which exceeds the cut off grade is only 240,000% on the geolegical ore reserve basis

whereas that for the open pit mining is as much as 10,000,000t or more,



{4) "The high grade porlions of the stockwork ore which is the major part of the deposils are
not consistently existing in the ore body, Therefore it is difficult to mine the high grace
portions selectively by the underground mining method. Whereas open pit mining
method doesn’t have such a problem owing Lo its low cut off grade and nature of mining
method.

{5) The extremely low precipitation in the region is a suitable condition for the open pit
mining method.

{6) Wide locations for the wasle dumps arve available adjacent to the pits.

(1) The pits can be designed within the maximum allowable stripping ratio.

1-3 Maximum allowable stripping ratio

The maximum allowable stripping vatio, one of the important parameters for open pit
designing, has been determined. Table 1-3 shows the calculation results for the Hayl as Safil
deposit. The assumptions used in here are average copper grade; 1.35%, gold grade; 0.63g/t,
mining cost; 0.9 US$/t and 5.7 US%/t for depreciation. Other eonditions are the same as that of

cut off grade calculation.

Table 1-3 Maximum allowable stripping ratio for open pit mining

in Hayl as Safil '
Auprice (US$/troz) 400 400 400 400 400
Cuprice (USg/lb) 81 i 90 100 110 120
Ore grade
Copper Gold Net value (US ¢/ton ore)
(%) (g/t)

1.35 0.630 5056.07 762.21 1,0i9.36 i,276.50 1,5633.65

Maximum allowable stripping ratio 10.1936/0.90 = 11.33

T'able 1-4 shows the maximum allowable siripping ratio for Rakah deposit. Average copper
grade is 1.15%, gold grade 0.87 g/t, mining cost 1.3 US$/t and the rest are (he same as Hayl as

Safil ealculation.



Table 1-4 Maximum allowable stripping ratio for open pit mining

in Rakah
Auprice (US$Hroz) 400 . 400 400 400 400
Cuprice (USe¢/lb) 80 90 100 110 120
Ore grade
Coppe:_— Gold Net value (US gfton ore)
(%) (g/t) ]

1.15 0.870 442,97 662,02 881.07 1,100.12 1,319.17

Maximum allowable stripping ratie 8.8107/1.30 = 6.78

1-4  Determination of optimumn operation size

The pit designs for Hay! as Safil and Rakah have been completed considering cut off grade,
tnining method and maximur allowable stripping ratio. The details of the pit design is deseribed
in the next section. Following the designing, two prolotype operation plans, 2,000 TPD and 3,000
TPD, have been developed. The 2,000 TPD plan has 10 years mine life and the 3,000 TPD plan
has 7 years mine life. Anoperation size which is larger than 3,000 TPD is too short in its mine life
and the depreciation cost would be Loo heavy for the mine operation, Therefore such case has been
eliminated from the determination. A finanecial evaluation of these protetype plans has been
conducted on the range of 300 to 500 US$/troz of gold price and 80 to 150 US ¢/lb of copper price.
The comparison had shown that the FIRR (IFinancial Internal Rate of Return) of 7 years plan was
always higher than that of 10 years plan. 1t is shown in Table 1-5.

Consequently, in this preliminary feasibility study, the operation size has been decided to be
3,000 TPD and the mine life is to be approximately 8 years. The mine life of 8 years is a result of
the linal ore reserve calculation.

Fig. 1 shows the General mine layout.



'Pable 1-5 Summary of financial evaluation on the prototype plans

(1 IRR for 3,000 TPD, 7 YEARS PLAN

Copper Price Gold Price (US$/troz)
(USg/i) soo| 350 360 370| 380 390 400| 450[ 500

80 | —13.18] —~11.83] -11.56} ~11.30} -11.04| —10.78| ~10.52| -9.26] —8.03
90 | —5.64] —453] —4.31] —4.09] —3.87| —3.66| —3.44| —2.38] —1.35
100 0.67 1.63 1.82 2.0 2.20 2.39 2.58 3.51 4.42
110 6.19 1.06 7.23 7.40 .57 T.74 7.91 8.'th 9.568
120 11.18] 11.98] 12.14] 12.29] 1245] 12.61} 1276 13.54| 14.31
130 15.78] 16521 16.67| 16.81} 16.98| 17.11} 17.25] 17.98| 18.70
140 20.07| 2076 20.90{ 21.04] 21.18] 21.32| 21.46| 22.14| 22.82
150 2411 24.77| 24.91] 25.04{ 2517 2530] 2543| 26.08| 26.73

+ IRR: Internal Rate of Return

{2y IRR for 2,000 TPD, 7YEARS PLAN

Copper Price Gold Price (US$/troz)
(USe/1b) so0] 350l 360l 370|380 390 400l 40| 500

80 | —17.74] —16.291 —16.02] —15.74| —15.47| —15.20| —14,94] —13.67| 12.47
90 | -10.12{ -9.10| --8.90; —-870| —-850| 831} —812] -7.17| -—-6.26
100 | —4.49| —-3.67| —351] -3.35 —3.19| —-3.03] --2.88[ —2.10y —1.35
110 0.11 0.80 (.94 1.08 1.21 1.35 1.48 2.15 2.80
120 4.06 4.68 4.80 4.92 5.04 5.16 5.28 5.87 65.4b
130 T.57 8.13 8.24 8.3H 8.46 8.57 8.68 9.21 .75
140 1046| 11.27) 11.37| 11.47| 1157} 11.67 1177 12.27| 1276
150 13.70| 14.17| 14.27| 14.36| 14.45] 14.55| 14.64 1511 1556

This caleulation has used tentative figures for the operating costs, therefore the results here

do not agree with that of the financial evaluation in section 9 of this report.
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Chapter 2 Mining

2-1  Pitdesign

The slope angle, 45° is determined as a basic pit slope angle for the pit design considering
extremely low precipitation, the rock strength and RQD values of the boring cores from Hayl as
Salil and Rakah deposits.

The size, depth and profile of the pits have been designed so that {the highest ore recovery and
the lowest sLripping ratio can be balanced.

The bench height has been designed to be 10m which is relatively low due to the size of heavy
equipment proposed.

The stripping ratio of Hayl as Safil pit is 3.44 while ils maximum allowable stripping ratio is
11.33. For Rakah pii, they are 4,17 and 6.78 respeciively.

The cross seclions of Hayl as Safil pit are shown in Fig. 2-1 (1} to (8). The cross seclion of
Rakah pit ave shown in Fig. 2-2 (1) to (8). The level sheets of Hayl as Safil and Rakah pits are

shown in Appendix 1 and Appendix 2 respectively.

2-2  Minable ore reserve

The geological ore reserves are shown in below.

Tonnage (L) Cu (%) Au (g/t)

Hayl as Safil deposit 10,553,091 1.00 0.40
Rakah deposit 4,750,736 0.99 0.88
Total 15,303,827 0.99 0.55

Based on this result, minable ore reserve has been computed by accumulating the ore blocks
within the pit limit and exceeding 0.35% in copper grade. At the same time, the tonnage of the
waste inside the pit is also computed. Table 2-1 and Table 2-2 show the minable ore reserves and
waste tonnage of Rakah and Iayl as Safil respectively. Appendix 3 and Appendix 4 are the
detailed tables of all the minable ore blocks.

The massive ore of Rakah which has been proven to be very dilficult in concentrator
processing is trealed as waste. In the actual operation, those massive ore is lo be stockpiled

separalely.
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2-3 Minedevelopment

2-3-1 Pre-stripping

Reduii‘ed amount of pre-stripping for Hayl as Safil is 12,0 million tons and that of Rakahis 3.1
million Lons, The pre-stripping of ITayl as Safil is scheduled to be completed within the lwo years
of construction period. While Rakah will be pre-stripped in the first year of operation. The heavy
equipments for the pre-stripping arve basically the same as these for production and will be
described in the next section. Fig. 2-3 and Fig. 2-4 show the pit plan jusi after the completion of
pre-stripping.

The gossan waste in Rakah which contains relatively high gold will be stockpiled separately.

2-3-2 Pre-stripping method

The overburden is to be ripped and dozed by bulldozers and loaded by either front end loaders
or hydraulic excavators to 30t dump trucks. When blasting is required, 6 1/2” blast holes are to
be drilled by DHD. AN-FO is expecled as major explosive, Crawler drill is required on the steep
terrain in Hayl as Safil. When the ore hody is close to the drilling place, all the cutting cones
should be sampled and assayed to check the copper grade. The ore mind during construction
period is to be stoekpiled in the appropriale place. Operation is to be carried eut on three shifis 24
hours basis. Typical bench cross section and blasting pattern are shown in I'ig. 2-5 and Fig. 2-6

respectively.

2-3-3 Selection of the mining equipments

The heavy equipments anticipated to be used in this project are shown in Table 2-3. The
policy for selection of size, type and specification is that the prierity has been given to the smaller
in size and the higher in mobility considering the size of the pits and operation. The manu-
facturers shown in the table are recommended hecause their products can be expected high
availability and durability in severe mining operation. Also the manufacturers have estahlished
high technical service system and efficient spare parts supply system in Sultanate of Oman. The
dealer can be utilized in the ommanization program. Our suggestion is that OMCO could put

obligation of Lechnical training to the dealer when purchasing heavy equipment.

2-3-4 Wadi diversion

Asis shown in [Fig. 1, there is a relutively large wadi just above the expected Hayl as Safil pit.
Obviously it should be diverted and connected to a west adjacent one for securily at a heavy rain.
Meoreover a large size embankment is to be constructed on the open area between the diverted

wadi and the expected Hayl as Safil pit. The construction cost of the embankment would be very

_28_ﬁ
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low because the embankment ean be assumed as a wasle dump for the pre-stripping of Hayl as
Safil pit.

2-3-5 Mining construction cost

IPollowings are the construction cost for the mining department.

Heavy equipment purchase US$ 7,890,000
Pre-stripping : 10,737,500
Wadi diversion 545,200

Tolal US$ 19,172,700

Table 2-4 shows the mining heavy equipment purchasing schedule and Table 2-5 shows the

yearly dump truck requirements.

2-4  Operating plan

2-4-1 Mining production plan

The annual mining handling volume schedule is shown in Table 2-6. In the first year, the
annual ore production is 80% of the following years considering the start-up of the mine. The
production is to be maintained at a level of 1,080,000 t/year on the second year and onward. The
waste removal volume is scheduled to be reduced year by year.

The annual ore production plan is shown in Table 2-7. The copper grade is relatively higher in
the early stage of the operation than that of the later stage.

The mining sequence of the Rakah and Hayl as Safil pits are shown in Fig. 2-7, Fig. 2-8, Fig.
2-9 and Fig. 2-10 respectively.

The massive ore which has been proven by the flotation vests to be very difficult in recovering

copper is to be stock-piled independently.

2-4-2 Mining method

"The mining method is basically as same as thatl of pre-siripping. Cutlings of all Lthe blast
holes are to be sampled and assayed. After blasting, materials are to be decided either ore or
waste at hole by hole basis.

The operation is three shift a day and 24 hours basis.
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2-4-3  Operating cost

Due Lo the difference of the hauling distance, the unit oporaling cost of Rakah ore and other
materials {ore of Hayl as Salil and waste of both pils) are oblained independently. The unit
operating cost for the Rakah ore is 153.9 US cents per ton, and that of the other materials is 112.1

US cents per ton. The details are shown in Table 2-8.

Table 2-8 Mining operation cost

1 Unit Cost (USe¢/5)
Labeur Supply Equipment Total

Rakah Ore

Drill & Blast Ore 5.4 144 8.0 27.8

Excavation, Load & Haul 40.2 0.0 85.9 126.1
'1‘01-,;1] ........................................ 456 .............. 144 .............. PR R 1{)39
Other Material

Driil & Blast Ore 5.4 14.4 8.0 27.8

Excavation, Load & Ha.L-ll 29.G 0.0 55.3 84.3
Tota} ................................. 344 ............. 144533 ............ 1121

2-4-4  Mining manning plan
I'te mining department consists from five groups which are shown below.

(1) Geological group

(2) Mine planning and survey group
{3} Operation group

(4) Heavy equipment repair shop

{b) Clerical group

The number of mining operaters reguired for the first year’s operation is shown in Table 2-9.
The whole organization including all the necessary personnel is shown in Fig. 6-1 (2) ol section 6
in this volume. The total manpower of mining department will be reduced year by year as the

mining handling volume reduces.



Table 2-9 Mining operators manning plan
Equipment Units | Operator Assis- | Total
i 11 tant _
Drill 2 8 4 12
Front End Loader 2 4 3 7
Hydraulic Excavator 2 4 3 1
|
Dump Truck 12 20 25 45
Bulldozer 3 5 5 10
|
|
Motor Grader i ! 2 2 4
o
Backhoe 1 i 1] 1 2
.
Blasting Crew ! 1 § 1 3 5
i i
! I
; i
| |
; 43 | 40 9 92

\J&H__ —




Chapter 3 Mineral processing

3-1  Metallurgical tests

The metallurgical tests were conducted on the samples of the Hayl as Safil and Rakah
deposils to study the optimum condition and flotation method recovering valuable minerals in the
org. All the tesl works were carvied out by Central Research Institute of Milsubishi Metal

Corporation,

3-1-1 Outline of test works
(1) Sampleidentification

All the head samples were taken from diamond drill cores performed in this project in 1988,
Test works were eonducted on three samples, namely stockwork ore of the Hayl as Safil deposit
containing some quantity of massive ore, stockwork ore of the Rakah deposit and massive ore of
the Rakah deposit. These samples are called, hereafter, Hayl as Safil ore, Rakah stockwork ore

and Rakah massive ore. The details of the samples are shown in Table 3-1.

(2) Testing items
(i) Characteristics of the ore
The following test works were performed to study the characteristics of the ores.

@ Chemical assays

@ Mineral identification by X-ray diffraction analyses
@ Microscopical examination

@ Assays of soluble ions in the ore

© Measurement of Work Index

® Measurement of specific gravity
(ii) Fundamental flotation tests

The tests were performed on following two flotation methods.
(a) Copper selective flotation

This method is to recover the copper mineral selectively by depressing pyrite in rougher

flotation. The following items were tested.
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Table 3-1 List of samples for bench scale flotation testwork

( Weight 76.6 kg )

llay!l as Safil ore

Hole No. Depth (m) Type of ore D.L.| Au Az Cu Zn
from to n g/t glt| % %
HJO-A1 11.60 - 80.60 massive ore with 3.000 2.0 4.110.7610.06
siliceous frag
91.70 - 95.50 stockwork ore 3.80 | tr 0.310.85] 0.7
108.40 - 112.00 stockwork ore 3.60| 0.5 2.510.42]0.44
11480 - 115.70 stockwork ore g.90) 0.6] 3.1]1.38]0.69
HJO-A2 38.80 - 40.30 sulfide dominant t.50) 1.7110.8(0.910.25
stockwork ore
16.10 - 48.85 stockwork ore 2.750 0.7 2.710.45[0.21
49.90 - 50.80 stockwork ore 0.90| 0.5) 1.8]1.031{0.06
53.80 - 63.45 stockwork ore 2651 0.3] 1.3]1.18]0.15
B86.70 - 88.70 stockwork ore 2.00] 0.4 3.012.42]0.44
HJD-Ad §1.10 - 82.50 massive ore 1400 2.11 5.513.3210.37
HS -17 59.50 - 80.20 massive ore 0.70 1.3710.4(9.00]1.88
total 30.21 0.7 2.811.2910.27
Rakah stockwork ore  { Weight 69.0 kg )
Hole Neo. Depth (m) Type of ore B.l. | Au Ag Cu in
from to m g/t gft] % %
MJO-B2 93.00 - 96.30 stockwork ore 3.80| 0.6 1.7]0.86|0.48
141.50 - 143.40 stockwork ore 1.90( 0.1 0.2]0.561{0.04
HJ0-B4 49.00 - 54.70 stockwork ore 5.701 0.2 1.610.7010.19
76.00 - 80.10 stockwork ore 4.10] 0.71 1.0)0.62]0.52
HJO-BS 52.80 - 55.60 stockwork ore 2801 0.3¢ 1.511.07)0.06
652.90 - 65.70 stockwork ore 2.80 0.5 1.23.17{0.13
115.10 - 117.90 stockwork ore 2.601 0.31 0.610.561{0.03
MJO-BE 53.70 - 57.70 stockwork ore 4.00] 0.2| 0.571.440.03
total 27,7 0.4 1.1]1.08(0.21
Rakah massive ore { Weight 47.8 kg )
Hole Ho. Depth (m) Type of ore D.L.| Au Ag Cu Zn
from to B g/t g/t % %
HJ0-BL 35.60 - 37.00 massive ore 2.00F 6.91(18.011.7010.08
37.00 - 39.06 massive ore 2.00
39.00 - 41.70 massive ore 2.70112.7126.6(2.020.09
41.70 - 43.40 massive ore 1.70
43.50 - 45.00 massive ore 1.50] 9.2 6.91.60;0.09
45.00 - 46.90 massive ore 1.90
46.99 - 50.60 massive ore 3.70{ 9.21 7.011.3010.15
total 15.51 9.7{14.6|1.620.11




D Selection of optimum grind size
& Collector sereening

@ Pletation rate Lests
(b} Bulk and differential flotation

This methed is to recover copper mineral with pyrite in rougher circuit, After regrinding of
bulk concentrate, the copper mineral was recovered by depressing pyrite.

The following items were tested.

(D Selection of optimum grind size
@ Selection of optimum pH value in rougher {lotation

@ Selection of optimum pH value in cleaner flotation to separate copper mineral and pyrite.
(iii} Overall fiotation fest

The overall flotation tests which are based on the fundamental test reéults, were performed on
the composite sample of 65/35% weight mixture of Hayl as Safil ore/Rakah stockwork ore to

determine the optimmum flotation method.

(3) Preparation of samples for testing

Three samples were prepared according to flowchart shown in Fig. 3-1. The samples were
separately crushed te minus 12.7 mm by jaw crusher and roll jaw erusher. The product of roll jaw
crusher was screened by hand at 9.52 mum and 1 kg sample was taken from screen oversize for
Hardgrove grindability testing. Screen undersize and residual of oversize were crushed Lo minus
1.68 mm by roll erusher. The roll products were sereened by hand af 1.68 mm and screen oversize
retarned to the roll for further size reduction.

All the samples were divided into 1 kg lot each by coning and quartering method. Each lot
was packed in polyethylene bag with nitrogen gas. One lot of packed sample was used for testing

ol ore characteristics and other lots were provided for flotation tests.

{4) Chemical assays

Chemical assay methods of head samples or flotation products samples are shown in Table 3-

(6} Reagents and test machines

Reagents and test machines used in this test work are shown in Table 3-3 and Table 3-4.
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Table 3-2  Assay method

Element Assay method Reference
Au,Ag Fire assay head sample
Si0; Precipitation gravimetry
As Absorptiometric method with AgDDE
Fe Permanganate titration
S Precipitation gravimetry
g Atomic absorption analysis
Mo,Cd,Zn,Pb ICP (Inductively coupled algon plasma
Cu,Al,.Ca,Mg emission spectrophotometer) analysis
Au,Ag Atomic ahsorption analysis flotation product
Cu Absorptiometric method
Zn Chelatometric titration
fe Permanganate titration
5 Precipitation gravimetry
Table 3-4 List of chemicals used throughout bench scale flotation testwork
Chemical Abbrevi- Component Manufacturer
ations
AERO 350 Xanthate KAX potassium salt of amyl ACCH!
dithiocarbonic acid
AERD 3501 Promoter AP3501 sodium diisoamyl dithiophoshate ACC
AERDPITIRE AP3418 dialkyl dithiophosphinate ACC
3418A Promotor
AER0 404 Promoter AP404 sodium salt of ACC
mercaptobenzothiazole
AEROFROTH 65 AFBS polypropylene glycol ACC
- Slaked lime lime calcium hydroxide
Sodium hydrogen NaliS0a sodium hydrogen Wako®
Zinc sulfate In80.4 zinc sulfate { ZnS8C. - TH20 ) Wako

1) ACC

+ American cyanamid Company

‘2) Wako : Wako pure chemical industies, Ltd.
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(G) Water

Waler for testing was supplied from the well in laboratory and distilled waler was used in

dissolulion reagents or other precise purposes,

(7Y Method of testing
(1) Work Index

Exacl measurcment of Work Index needs a lot of sample. Because quantity of samples was not
enough to test in exact method, Work Index was estimated from the Index of Hardgrove
grindability test in JIS method (Japan Industirial Standard). Work Index (Wi) is given from

Hardgrove Index (Hb) using following equations of (1) and (2).

Wi = 400/(tIb)0.86 (1)
Wi = 435/(Hb)0.01 (2

(1): given by Ishihara
(2): given by Bond

(ii) Specific gravity
Specilic gravity was measured inJ1S A1202 method using 50ml pycnometer.
(iii) Assays of soluble ions in ore

500 g of sample was ground for 16 minutes with distilled water 335cc. Filtrate from filtering

of ground pulp was assayed for Cu, Zn and Fe.
(iv) Flotation {est procedure

Grinding: 500 g of sample was ground in laboratory mill with r.p.m. 138 and a ball charge 4kg
for timed period at 60% solid. In the case of Rakah massive ore, sample charge was 400 g and pulp

density was 50% solid. Screen analysis of ground samples were shown in Table 3-5.

Flotation: All the rougher flotation tests were conducted in a 500 g Denver flotation test
machine with an initial pulp density of 35%. The cleaning tests were conducted in 500 g or 200 g
or 100 g Denver machine depending on the feed pulp quantity.

The conditioning with reagents (except those added to grind} was conducted in the flotation

machine with the air valve closed.
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Table 3-5  Sereen analysis of ground samples
Hay! as Safil ore
GRINDING TIME
SLZ% FRAC§IOH 8 min. 11 min 13 nin 16 min
Ln ; : ; Y
W% [ ZW%| W% [ ZW%| W% [ SW%| W% | W%
+1000 ! 0.25%100.00| 0.05%100.000 0.00:100.00% 0.00:100.00
—1000 /4 7I0| 0.161 99.75| 0.06% 99.95] 0.00:100.00| 0.00:100.00
—710 7+ 500 | 0:26% 99:59| 0.07% 99.90] 0.08:100.00¢ 0.00: 100.00
500 /4 250| 3.65% 99.34| 0.50¢ 99.82| 0.16: 99.92| 0.10:100.00
— 20 /% 171] 72927 950891 2.32) 99.32) D.89F 99.76) 0.20% 99.90
— 177 7+ 149 5.45! 87.96( 4.20% 97.00| 1.29: 98.87| 0.60: 99.70
— 149 7+ 105] 19.80: 82.52| 15.00% 92.80 ) 11.46% 97.58| 5.21; 99.10
105 /4 74| 11.64% 62.63| 14.95! 77.80] 14.32% 86.12| 11.87: 93.89
—~ 7474+ 53| 13.59% 50.99| 16.94} 62.86| 19.35% 71.B0} 20.24%1 82.02
— 53 /4 37| 8.33% 37.40| 10.31: 45.92| 12.22! 52.451 15.36% 61.78
—~ 37 29.071 28.07| 35.61; 35.61{ 40.23; 40.23 | 46.42} 46.42
TOTAL 100.00 100.00 | 100.00 } 100.00 |
Rakah stockwork ore
CRINDING TIME
SIZIEI FRAC“{IUN 9 min 11 min 13 min. 16 min
A4m : ; ; y
W% W% | W% | ZW%| W% W% | W | TW%
+1000] ©0.59:100.00| 0.00100.00| ©.00:100.00} ©.00: 100.00
1000 /+ 7161 0.61: 99.41| 0.00!100.00( 0.00:100.00| 0.00:100.00
~ 710 /+ 500 0:86F 98.79| 0.80:100.00| 0.20:100.00( 0.06:100.00
— 500 /+ 26| 6.86% 97.93| (.90f 99.40! 0.53% 99.80| 0.11i 99.94
— %0 74 117] 904l 9107 457i 9750 1.82% 99.26| 0.36! 99.83
— 177 7+ 149{ 5.23% 82.04| 3.87: 92.93| 2.66{ 97.44( 0.63: 99.47
— 149 /+ 105] 17.93% 76.81| 17.07! 89.06| 12.56: 94.781 6.80: 93.84
— 105 7+ 740 9,10t s58.88 1 10.37% 72.08) 10.04% 82.231 8.721 92.04
. & /+ 53| 10.12% 49.78| 14.68% 61.621 18.51: 72.18| 20.24: 83.31
— 537+ 37| 7.45% 3386 9.74: 46.95( 9.70% 53.67 | 12.65: 63.08
— 37 32,211 32.20| 387.20: 37.20| 43.97: 43.97] 40. 43: 50.43
TOTAL 100.00 | 100.00 | 100.00 } 100. 001
Rakah massive ore
GRINDING TIME
SIZE(B FRAC}'ION 4.5 min. 6.5 min. 8.5 min 10.5 min.
,U-Iﬂ ' T 1 T
W% LXW%| W% [ 2W% | W% :ZWh| W% P TW%
+1000| 1.82 ‘100.00 0.85  100.001 0.28:100.00| 0.15 100.00
~1000 /+ 710 | 1.47} 98.18| 0U.60% 99.15| 0.20% 99.72| O0.11! 99.85
~ 710 /+ 5000 1.50% 95.71 ) 0.55% 98.54 1 0.20% 99.52) 0.08: 99.74
— 500 /+ 250 6.18% 95.20| 2367 97.99] 0.941 99.32| 0.37% 99.66
— 950 /+ 177] 7.38) 89.03| 3.63! 95.83| 1.49: 98.38| 0.62: 99.29
— 177 7+ 14| 4.04% 81.65| 3.08: 92.00] 1.221 96.89| 0.56: 98.67
149 7+ 105] 16.12) 77.611 15.70% 88.92| 9.38: 95.57| 6.16: 98.10
— 105 /+ 74| 11.05; 61.48| 13181 73.23| 14.14% 86.29| 11.28% 91.95
— 74 /+ 53| 9,51 50.43| 11.26% 60.04 | 12.85: 72.15| 15.64 ! 80.67
— B3 /+ 371 753 40.921 9.55! 48.78 | 14.75% 59.30| 13.52% 65.03
— 37 33,401 33.40) 39.23: 39.23| 44.55% 44.55| 51.51: 51.51
TOTAL 0.00 | 100.00 | 100.00 | 100.00 |
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