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EXECUTIVE SUMMARY

The area hetween Sakhakot and Quila, in the Malakand ultramaflc belt
has been discovered to have a number of chreomite orebodies. The SDA

are currently exploring and defining orebodies with the view to mining

them.

Ore from the orebodles found is too low in chromite and too high in
silica to bo sold as mined, and would have to be beneficiated to
produce a s=aleable produst. Beneficiation tests indicate a saleable
quality concentrate could be produced,

For the purposes of developing generie potential mining and
beneficiavion costs, this pertfelio gssumed the presence of four small
mineable orebodies that could be worked to preduce 15000 tonnes of ore
per year and a bencfleiation planmt in Peshawar that would produce 8300
tonnes of concentrate per year, This concentrate would have to be
ralled to Karachl to be exported. The internaticnal marketr weould
absorb this product to make such a project a profitable operation,

Exploration activity szhould be continved and enhanced in thisz area.
More attention ghould he given to three dimensional analysis of the ore
zones discovered through the use of dlamond drilling, with the emphasis

placed on defining mineable orebodies.



1.0 [NTRODECT TON

This pre-investment portfelic is a result of the dinvestigatlons,
analysis and appraizals of rhe Malakand Chromite prospect areas carried
out by consultants Dames & Mocore International of Los Angeles,
California, U.5.4., Iln Axsociatvtion with Unired Consultants Limited of
Lahore, Pakistan, as part of thelr Apreement with the President,
Islamic Republic of Pakistan, as represented by the Secretary, Planning
and Development DHvision, Government of Pakistan, for a Mineral Sector

Development Study of the North West Frontler Provinee, Pakistan.

The site work on this specifle area lnvolved a preliminary survey by a
DEM geoleglst early in the twelve month study, a detailed study by a
geolegist and a mining engineer from D&M and geologists fram the
Natrional Centre for Excellence in Geology, University of Peshawar, and
extensive discussions with the Sarhad Development Authority genlogiecal
project team hased on site. Discussionsz with senlor S5DA nanagement in

Peshawar provided valuvable input 1o Lthisz project.

Information helpful to the analysiz and appraisal was provided 'by

visits to other SD4 exploration prolects ard to the 5DA ¥akul Phosphate
Mine near Abbottabad.

This portfolie is not a feaslbillty study, but by assuming some
specific conditions it attempts to outline those areas that will he

critical in preparing a feasibility study when mineable srehodies are
defined in the area.



2.0 GEOLOGICAL SETTTHL AND EESERVES
2.1 GEOLOGY

The Malakand chromite deporits lie abowt 6% kmg north of Peshawar,
within the Tehgil Charsadda and Malakand Agencies; The chromite
bearing rocks occcur in a2 belt up to 4.5 kms wide thar extends westwards
over 20 km from the town of Sskhakot to @ila. There is a rallway line
and a road to Darghal and existing gravel and dirt roads and tracks

provide access ta within one kilpometre of most of the majer known

deposits,

The ultramafic complex forms a moderately steep, cast-west trending
_range of hills whieh rise to elevations of almest 1000 metres above the
northern edge of the Peshawar alluvial plain. Geological Survey of
Pakistan topographlic sheets Moo 38 N1l & NA1G at 1:50,000 scale cover

the area.

The Upper Swat Canal passes within a few kilemetres to the seuth east
of the prospects, providing water to this relatively arid area.
Groundwater probably could alse be found in some of the

alluvial-floored valleys.

Figure 1.1 shows the reglonal geology of the Malakand ultramafic belt.
The chromite-bearing ultramafic complex of interest te this study
extends over 20 km between (Qila and Sakhaket and has been wvarilously
named as the Dargai, Hari Chand, Malakand, or Sakhaket-Qila ultramafic
complex., Correlative rocks are found further west in the Utman Khel
{Waziristan) ultramafic complex (Rafiq, 1%34).

The ultramafic bodies have alpine-type characteristics which have close
affinities to the Jijal ultramafics of the ¥ohistan Complex rather than
the 10¢aily enclosing Paleozoic age metasediments of the Indo-Pakistan
Flate. The Malakand ultramafic complex lies 20-25 km =zouth of the Main
Mantle Thrust. It 1s generally regarded as a klippe, (Tahirkhell, 1979
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& Malinconico, 1982), although other structural interpretations can be
made. Overall the complex has an ENE strike and generally steep
nertherly dip. Outerop width 1s up to 4.5 km.

Internally, the ultramaflc complex consists of harzburglte, perldotite,
dunite, serpentinlte, gabbroie rocks and miner rodingltes and
pyroxenite dikes. Over two-thirds of the complex 1s composed of
harzburgite. The peridotite 1s more prevalent tovards the margins of
the complex. The dunite occurs as generally conformable lenses and
horizons within both the harzburgite and the peridotites. These
lithologies are most readily distinguished in the field on the basis of
their respective weathering characteristics. The pyroxenltes stand out
in relief of the weathered surface. The chromite deposits usually are

hosted within the dunites. Gabbroie roeks have been mapped towards the

notrthern margin of the complex.

Faults and shears are uhblquitous throughout the complex and they ave

typically marked by zones of serpentinisation and commonly by magneslte

velins, These zones are naturally recessive-weathering and are now
marked by gullies. They should be easily ldentified on aerial
photographs. Faults have caused consliderable dismembermenty of the

chromite bodies.

2.2  EZPLORATIOH

The Geological Survey of Pakistan made the flrst comprehensive study
and report of the geology of the ultramafic complex and its assoclated
chromite deposits, (Rossman et al, 19703,  They undertook large scale
mapping at uila, Hero Shah and parts of Landi Raud and Bada Sar
progpects. Some drilling was undertaken at the Qila deposit.

PIDC/PMDC conducted some prospecting and grab sampling during 1973-74,
Durlng the period 1975-77 there was constderable sclective mining of
the readily accessible high grade ore from the deposgits by warious

gmall private enterprises. The mining was done illegally under



prospecting licence status only and commenly was poorly organised,
primicvive, wasteful and hazardous. Lower grade disseminated ores wers
left behind or discarded after hand-gorting. This mining ceased with
the cancelling of leasez and the loss of markets. PHDC submitted a
PC-II scheme to the Government in February 1976, Fleldwork was
conducted under a PC-1 scheme between November 1976 and June 1977.
Work under the phase II programme commenced in August 1977 and
continued until July 1978. Details of any work by PMDC after this date
are not available.

The PMDC exploration programme included the following:

* Geologic mapping at the scale of 1:12,000 conducted over the
entire ultramafie complex. Aerial photograph enlacgements were
uged as an aid in mapping.

* Detalled, tape and compass controlled, geologic mapping at scales
of 1:600 and 1:300 for the Bajro Kanrl, Hero Shah, Bada Sar, Qlla,
and upper and lower Landl Raud deposits. Mineralised outcrops

were f[raversed and measured.

* Geologic cross section constructed on the basis of three traverszes
across the entire ultramafic complex. Additional detailed
sections were prepared for individual deposits in order to support
aditing and drilling proposals.

w Structural data collected for the whole complex and plotted at a
scale of 1:12,500.

* Excavation and mapping of five adits, comprising a total of 239
metresz, at the Bajro Kanri prospect.

* Agsay sampling of most chromite occurrences in the area. This
involved some 162 surface channel samples and 78 adit samples (of
which 37 were analysed) from the Bajro Kanri adits.



f

* Collection of a tetal of 187 stream sediment samples for analysis

of Ni and Co.

* Preparation and study of thin zections of samples from the various
lithologies.
* Beneficiation studies on 10 tons of low grade ore from Bajro Kanri

by PCSIE laboratories , Lahore.
* Magnetie survey of the Bajro Kanrl and Hero Shah aveas.

The SDA are currently working in the area under a PC-II scheme, This
exploration effort has been directed towards the confirmation of
reserves at Hero Shah and Upper Landi Raud. Haps showing the
distribution of the chromite lenses and some of rthe important
gstructures have been prepared at a scale ol 1:1000 tor each of the

areas.

At Hero Shah, some 19 metres of aditing have Dbeen completed in one
adit with several crosscuts. This adlt has been mapped at a scale of
1:100, Much of the chromite exposed in the adit has been chip sampled

but only a few assays have been completed.

At Upper Landdi Raud, SDA are currently working on 3 adits on 2 separate
lenses. The two aditz on lensz A have been sampled. Adit A-3 beneath

lens B failed to intersect significant mineralisation.

The Japan Consulting Institute (1981) made a comprehensive study into
the feasibility of utiliging local magnesite and Malakand chromite for

the production of chrome-magnesite refractory bricks.



2.2.1 Hera Shah

The Hero Shah prospect ls situated 1.0 km southwest of Hero 5hah. It
can be readily reached by a fair weather track from the Hero Shah/Hari
Chand Road.

Bmall open cast worklngs attest to some past mining of the higher grade
ores., PMDC mapped and sampled the property. 5DA have driven an adit
vith crosscuts to test the slze and grade at a depth of about 153 metres

below the maln zone exposed at the surface.

Several apparently isolated lenses of chromite are exposed in the Herag
Shah area (Figure 2.2). They may vrepresent the structucvally
digmembered sections of two previocus sub-parallel horizons, with
generally ENE strikes and steep northerly dips. Maximum width in the
northern zone is only 90cm.

The maln Herc Shah chromlte lens is in the southern zone and is exposed
over a strike length of at least 50 metres and a width of greater than
10 metres in both outerop and in the 5DA adit. The body has an overall
ENE strike and apparently a steep northerly dip. By contrast the
meazured foliationg in the rocks show a predominately NV trend. Faults
and magnezite velns (f1lling fault zones?) also have this latter trend.
The main lens is cut off at elther end by strike-slip faults. The

offser portions are wmuch smaller than the main mass.

The main chromite lens is composed of fine to medium grained heavily
disgeminated, to locally massive, chromite ore. It is at least in part
enveloped by lower grade disseminated chromite. The country rocks are
dunite. Figure 2.3 shows the geology of the main lens in Adit 4&-1.
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2.2.2 Upper Landi Raud

Access to this area 1s by way of a fair weather road to within a few
hundred metres of the deposits. The two lenses of interest are exposed
on either side of a dry wvalley. There are a number of small workings
in the area, from which lecal miners have extracted all the easily won,
high grade ore. The area was 1investigated by PMDC and has since been
the subject of an adiving programme by 35DA. They have sited two adlts
on lens &4 and one on Lens B, The relative locationg of the two main
lenses and the minor lenses are shown on Figure 2.4, There are no
detailed plans or sections of the adits avallable as yet except for a

sketeh plan of Adit A-2 (Filgure 2.5).

lens A

Chroemiie lens A outcrops on the east slde of the valley over a strike
length of sone 21 metres. Tt has an ENE-strike and a moderate to steep
dip to the north. It is terminated at the west end by a NME.trending
high-angle fault. PMDC described the mineralisation as weakening
towards the east end of the bedy. Maximum thickness at the surface is

about 3.5 metres. The disseminated chromite is fine to medium grained.

The two adits driven by SDA, A-2 and A-4, have both intersected the
lenz at depth. The lower adit iz sgited 21 metres vertically (by
altimeter readings) below the outcrop exposure. In A-4 however the dip
s to the south. The widths of the lens in the adits have not yet been
established, but it appears that the body malntains 1ts strike extent.

lens B

Chromite lans B iz expozed on the ridge across the valley to the west
Erom lens A. It may represent an off-faulted extension of the same
zone, On the surface this lens appears much larger than Lens & with
widths of the order of 20m but the grade is extremely variable. Though

some hlgh grade patches were noted locally there are also many
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blocks/rafts of barren dunite within the body. Local miners have
extracted all the easily won high grade ore. Chip samples MCL 13 to 16
were collected from a 20.7m traverse across the zone along the ridge
crest and open cut exposures. Some dunite was included within this
traverse. Thin low grade horizons of grapeshot chromite mineralisation
ﬁere noted in the section just south of this traverss. This gtyle of

mineralisation 1s apparently unique to this area.

2.2.3 Bada Sar

The Bada Sar chromite deposit is located at about SUD metres elevation
on a ridge west of Bada Sar peak. & road leads to within 300 meters of
the deposit. A donkey traill provides the final access up the steep

slopes to the deposit. Leases on this deposit are understocd to be
privately held,

Accordlng to PMDC (Sana-i-mehdl), lenticular bodies extend over at
least 122 metres strike length, in a nocrtheast - southwest direction.
There has been extensive mining of the deposit in the past with 3 main
quarries along this trend. The southern quarry exposes the largest
lens, which has a length of 29.7 metres and a width of 3.6 to 19.8
metres. In the northern and central gquarries the chromite bodies are
only 3 to 4.5 metres wide,

There are stockpiles of chromite ore of variable grade at the end of
the truckable road. The D&M/UCL field team inspected this material and
collected a 100kg bulk sample and a random grab sample (BSB-1). Sample
BS-1 was analysed by NCE and results are presented in Appendix 4.

2.3 SAHPLING AND ASSAY WORK

On the basis of existing analytical data, 1t is d1fficult to assess the
grade of the various deposits. There is also considerable variatisn in
results from different laboratories. From a consideration of all

results and our visual Inspection, it is estimated that the grade would
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be of the order o! 30 percent Cry03y for the Hero S5hah deposits and
glightly less for the Upper Landil Raud depaosits.

The ores have a relatively low Cr/Fe ratio of the order of 2:1 {iron
rich) with high gilica content. The relatively low grade of +30
percent Cry03 combined with high silica content demonstrates the need
for beneficlation to prepare a marketable product. The high iron may
limit potential markets.

2.3.1 Bero Shah

PMDC made 4 channel gample traverses across the thickness of the lens
(Sana-1-mehdl). Assays for the resulting 19 samples showed a range of

from 7.8 to 38.5 percent CRy03, 12.8 to 23.1 percent FeQ and 6.6 to
31.2 percent Alg04.

5DA have collected at least 19 chip samples from the adit and surface
trenches, but have only aszsayed 7 of them. The results from different
laboratories ({Table 2.1) show extreme varlation with 5DA laboratory
results being very low and the twe PCSIR lLaboratories reporting
unusually high values. The one sample that they submitted te NCE,
Peghawar, fell in between the two eXtremes.

Two grab and five chip samples were collected from the deposit by

D&M/UCL geologists. The results for major oxldes are present in Table
2.2,

5DA have not yet drawn any cross sectlon for this depesit. They
employed a surveyor to survey the adit and to mark the trace of the
adlt or the surface with rock ecalrns. However elevation data was

either not recorded or was not readily available and the surface rock
calirns were not labelled.
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The D&M/UCL geologist took two samples from which thin sections were
cut on which petrographic examinations were done. The results of these

are shown in Appendix 1.
2.3.2 Upper Landi Raud

Lens A

PHDC stated the average Crp03 content as 8.4 percent. An SDA 24.7m
gample along the length of the mineralized zone in adit A-2 produced
assays of 28.80, 40.54 and 43.4 percent Crg03 respectively from three
different laboratoriez. They have sampled the lode in adit A-4 over 2m
intervals but have not yet received the results.

L.ens B

Adit A-3 was gited by SDA approximately 27 metres (by altimeter) bhelow
the ridge crest exposure, with the objective of proving the down-dip
extent to the body. Only minor chromite has been interszected to date
desplte much weaving of the adlt directlon. Detailed surveying and
mapping 1s required 1in order to defermine whether it is a structural
discontinuity or mig-direction of the adit which has caused the
disappointment,

2.3.3 Bada Sar

There are stockpiles of chromite ore of variable grade at the end of
the truckable road. The DEM/UCL field team inspected thig material and
collected a 100kg bulk sample and a random grab sample (BS5B-1). Sample
BS-1 was analysed by NCE and results are pregented in Appendix 4.

Seven channel samples collected by PMDC from this property averaged
30.1 percent Cr30y (Bana-i-mehdi}.
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2.4 RESERVES

The Malakand chromite deposits are of the podiform alpine-type.
Chromite mineral compositions cover most of the reported range for
podiform bodies and unlike most alpine-type complexes there is a marked
variation in the chemical composition of the chromite (Ahmed, 1984).
These type of deposits are typlcally small and discontinuous thus
making it difficult to estimate ore reserves with any great certainty.

Resource estinates have been made from a review of 5DA& and PMDC darta
and from our own field reconnaissance. Table 2.3 presents the

consultants estimates. Further brief descriptions of the orebodies
follovw in the table.

There are insufficlent data to enable calculation of chromite reserves
{as opposed teo resource estimates). In addirien, mineable reserve
estimates require definitlon of a mine plan. Assuming that sub-level
stoplng (similar to the Kakul phosphate mine) were the preferred method
the mineable reserves would be of the order of 75 percent of insitu

reserves.

Small scale development with limited capital costs could be envisaged
on the basis of current expleoration methods. However, any development
necessitating high levels of capital expendlture would require more
precigse definitlon of orebody dimensions and grade variations. These
data can only be provided through a drilling programme.
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TABLE 2.3

SUMMARY OF INSITU RESQURCE ESTIMATES FOR
MALAFAND CHROMITES

DEPOSIT TONNAGE GRADE
Hero 5hah (Main Lens) 26,000 (1) +30ZCry0q
Upper Landi Raud

Lens 4 10,000 (2) +30%Cr4504
Lens B 70,000  (3)

Sub Total - 5DA

Operations 106, 000
Bada Sar 100,000  (4) +30%Crp03
TOTAL 206,000

(1} Resourcez from surface to Adit level -

at depth

no provision for resource

(2) Little if any potential to prove additional resource
(3) Guesstimate only based on surface expression - adit 4-3 failed to

intersect zopne.

(4) PMDC estimate recalculated to 5.G.

of 4.0
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2.4.1 Hero Shah

During the DEM/UCL field work, a tape and compass survey was conducted
from the upper end of chip sample MCH-23 to the adit portal. Back -
sight checks Indlcated that there could be a few degrees error in the
bearings due to minor amounts of magnetite in the underlying rocks.
The corrected plan distance suggested the szurface chip traverse to be
above the new western cross cuts. Hence for the purposes of the cross
section show in Figure 2.6 the assumption was made that the surface
calrn by the north end of chip MCH-23 corresponded to this point in the
adit. If this 1is correct, the north contact of the lens has a steep
southerly dip at this point. The contact has not yet been reached in

the south crosscurt.

The elevation difference between the upper end of HCH-23, which is
probably the highest exposure of chromite, and the adit portal was
caleulated from Brunton inelinometer readings to be 18.9m.
Furthermore, the north end of MCH.25, which corresponds to ore of the
lowermost exposures of chromite is only llm. above the adit portal. A3
the MCH-23 to 25 chip traverse was made down a ridge and the adit
probably has a slight upzlepe gradlent, a realistic estimate of average
vertical extent of chromite between the adit level and the surface is
about 13m. This figure might be further reduced 1f weathered chromite
does not come up to specificatlions.

Assuming a strike length of 50 metres and an average width of 10
metres, the volume of the main lens is : 50 X 10 X 13 = 6500 my, These
figures require checklng by accurate surveying of the deposit. Using a
specific gravity of 4.0, the avallable tonnage above the main lens adit
1 is 6500 X 4.0 = 26,000 tonnes.
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This compares vith a proved and probable reserve estimate by FMDC of
50,750 tonnes. Over 30,000 tonnes of ore might be available if the
lens persists down-dip beneath the adit. The discrepancy results from
the fact that PHMDC included an estimate of reserves beneath the adit
in totally unknown conditions.

2.4.2 Upper Landi Raud
Lens A

SDA made a tonnage estimate for lens A4 of 14,000 tonnes on the basis of
25m length, 4m width, 30m down-dip and a speciflec gravity of 4.6. The
4.6 specific gravity would only be realistic if the ore was solid iron
or chrome-rich chromite and the 30m down-dip should be c¢hecked by
surveying, though the body probably does extend below adit A-4. If
figures of 2im length, 4m width, 25m down-dip extent, and a specific
gravity of 4.0 are used the reserve estimate becomes 10,000 tonnes,

which should be extractable via the existing adits.

This is a very small deposit with limited potential for the expansion
of reserves. It 1s probably not rich enough to mine alone but 1t would

probably be worth extracting in conjunction with any mining of lens B.

Ll.ens B

PMDC claimed 24,000 tonnes of 30.4 percent chromite ore in this body.
They used a thickness of only 3m which perhaps represents a higher
grade portion of the zone. The consultant would guesstimate a tonnage
potential of perhaps two to four times as much but with an overall
lowver grade.
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2.4.3 Bada Sar

In the reserve summary by Faruqi (1981), the Bada Sar Body No 1 was
ascribed reserves of 124,285 tonnes of proved and probable reserves,

If a more realistic specific gravity of 4.0 was used this would change
to about 100,000 tonnes.

Quarry walls from previous mining are grossly overstegpened, to the
point of being overhanging. Thus any further mining would be an
underground propesition but at least the steep slopes would facilitate
adit- accessed underground mining.
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3.0 MINING AND ENGINEERING STUDIES

3.1 DATA BASE REVIEW

There 1s, and has been, very little metallic mineral production in
Pakistan, let alone NWFP. What production there has been has largely
been from small private operators. This, unfortunately means there is
no history of mining practices and cestz on which a study of proposed
operations and estimates of costs can be based.

Mining practices, manning, and costs must therefore be developed from
first principles, augmented by whatever information 1s available., The
SDA's PC-11 Scheme, Hazara Phosphate Expleration Project (Phase IV) was
extremely helpful in estimating some mining costs, manning levels and

manning costs. Other current 5DA project documents also provided input
for cost estimates.

Maps of the area available at the time of the study were only the
1:50,000 scale topgraphic sheets from the Surveyor General of Pakistan.

Three-dimensional information on the mineralised zones was very sparse.
The SDA exploration team had surface mapping and some information l@ﬂn
the driving of adits, with regards to sgtructure, but assays from the
adits were relatively few in number. The D&M/UCL geologist developed
some vertical sectiong through the prospect areas based on the
information available, and these were used in the estimates of ore
reserves (Section 2.4).

There is a need for much more three-dimensional information of the
mineralised zones at these sites (and other sitesz in the area that may
be investigated) to determine early in the exploration programme the
potential for worthwhille tonnage and grade in the prospect.
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It is understood that the PHDC has additional information on some of
the site, but this informaticon was not made available to the
consultant.

3.2  ASSUMPTLONS

The lack of historical data base on metallic mineral mining activity,
and indeed the lack of defined orebodies in the Malakand Chromite
prospect area means that many conditlonz and factorsz have to be assumed
in order to develop a mineral exploltation scenario. The lack of
speciflic informatlon leads to generalised assumptions, and a

generalised scenario.

For the purpose of this portfolio it is first assumed that there are
mineable orebodies in the Malakand chromite prospect. They are naot
necessarily the sites described in Section 2.

For purposes of calculating mine establishment, development and mine
operating costs, the assumed orebodies:

are of a mutually similar small size;

are mineable over a 50m length, a 60m height and a 5m width, and
at 4.0 t/m® have an extractien potential of 53,500 tonnesg
employing sublevel open stoping mining techniques;

are mineable at 15,000 t/y, not emplving any advanced mechanized
mining techniques;

are accessible by adit without the need for shaft sinking.

Additional assumptlons, about the locale of the crebodles sites are:

- access and facllitly provision 1s the same for all sites;
three kilometres of road construction and power line construction
are needed for each site;
water supply, from the Upper Swat Canal, from the Jundal Khwar, or
from wells 1s available within 2 kms of each site.
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The orebodies are mine szequentially, with Mo. 2 orebody developed asg

No. 1 orebody is mined. No. 3 orebody utllised equilpment mowved Erom

Mo. 1 orebody, and No. 4 orebody eguipment from Ne. 2.

3.3 HMINING OPTICNS

In general, the mining options for a vein deposit are one of the
variants of cut and fill mining, open stoping or a caving method.
There iz insufficient data to choose an exact mining merthodology, =o it
1s aszumed tha( ore and rock wall rock is of sufficlient strength that

sublevel open stoplap can be employed.

The =mcale of ninlng operatlons can vary greatly. Given the assumed size
and configuration of the orehodies, small scale mining would appear to
be the best to get long rerm benefit from the develpoment. Capltal and
human rescurces are kept in balance for a long term project rather than

used excessively for what could be a short term operation.

While is would be possible to mine out the orebodies faster, it would

be necessary to have all orebodies defined at the start of development.

It is better to have the oplion to lpcrease productlon once the project
is underway il the circumstances and opportunity arise than it is to

have to cut back 1f early ontimisztic forccasts beocome thwarted.

3.4 MINE DESIGN

The Technical Sector Revlew (TSR} report in thils study has the

following statement:

"I'ne decision to mine an orebody carries with i, axiomatically,
the conmitment to long-term employment obf caplral and manpowver.
Because of thils commitment, ‘the declsion-maker can afford te fand
should) =pend a great deal of time and effort in evoloving the

optimimum seolution for the peculiarities of a specific case."



For the Malakand Chromite propsects, the ‘peculiaratles of a specific
case’ cannot yet be defined. Consequently the designs that follow are
in the nature of generic considerations and estimates and should not

necessarlly be construed as being ‘the coptimum selutien?t.

The reader is referred to the TSR report sgctions 7.1 to 7.6 relating
to mine design criterla and concepts and to numersus mining and mine

engineering texts that deal very extensively with these subjecrs.

3.4.1 General Estimates Used

General estimates on productivity and costs were dewvelpoped from the

eonsultants knowledye of nlning practices, rvelevant information gained

from field wisits in NWFP and from SDA prolect costs and budgets.

- Access road construction will mostly be in the alluvial plain with

hill reoad development. <Caost ls estimated to Be Rs50,000 per km.

. Electricity supply lines through this terrain would cost Bs
200,000 per km.

Clearing and preparing a mine site for surface facilities would

cost Bs 50,000 per hectare in the hilly terrain.

Mining - development of a timbered haulage drift would
average 0.5 metre per ghift (m/s3} for a three man

Crew.
. development of a raize would average 0.5 m/s for a

three man crew.

average pay per worker would be Rs 50 per day.



3.4.2 Site and Mine Development

The Chromite target areas ocur in a helt up to 4.5km wide extending
vestwards over 20km from the town of Sakhaket te Qila. Existing gravel
and dirt roads and tracks provide access te within lkm of most of the

major known targets.

For the purpose of this portfolio in devising a generlc aperation a
typleal road ceonstruction for access would be 3km, some of which would

be in hilly terrain.

Site clearing and preparation would be requlred for mining services
only, not for crushing or processing of ore. Theee kilometres of pover

line would be needed, providing 250¥VA to ecach slte.

The site establishment and development asumed suitable for the mines is
set out in Appendix 2.1 sheowing the accesz and major fixtures
necessary. Capital estimates to set up the inltial two sites are Rs
5.0 million with depreclation and amortization costs of Rs 46.7%.
Capital required for sites 3 and 4 reduces to Rz 3.5 milliomn, with
depreclation and amortization costs of Rs 32.4/t on the tomnages mined

from these sites,

The mining method projected for these orebodies is sublevel open
stoping at a production rate of 50 t/d or 13,000 t/y. This gives a 14
year life to the four-orebody preoject, with 3.5 years production from

gach orehody.

Developnent of the orebody 1s projected to be by driving an access
haulage adit on the production level, going through the bottom of the
orebody. Subseguent developnent is thon:

. a ventilarlon raise through to surface

. ? raises 60m up either end of the orebody (aszumed 50m apart}



- 5 sublevels at 12m intervals driven between the raises

putting in draw polnts to the haulage level by coning out
finger raises to the first sublevel and building chutes ar

the haulage level to control flow into the ore cars.

Mine development costs are et out in appendix 2.2 at Rsl.0 millien
with ameortisation cests of Rsl9.2/t for each mine. Such a mining
development lends 1itself to expansion or duplication within an orebody

if more ore 1s proven.

Assumptions and calculations for developing and costing a haulage drifr
are set out In Appendix 3.1, Time to develop to a stope ready for
production slage 1s estimated at 2.5 years, using a 2 shift a day
operation, 300 days per year. During this period approximately 8700t
of ore should be produced, which could be stockpiled for the first 2
years, then drawn down toe provide the necessary ore feed to the plant
until the stope is ready for production. A production schedule for the

four-mine project iz shown in Appendix 3.6.

3.4.3 Mining Operation

Mining at 13000t/y requires only one stope in production and a new

stope, in this case a new mine, under development.

Sublevel open stoplng 1s inherently a reasonably high productivity
method once the development iz done. One J-man crew working 1 shift a
day should be able to drill and blast out a ring of holes from a
sublevel, and haul ocut ore equivalent te that blast in a 4.5 day cycle.
Typical sections through a sublevel open stope are shown 1n Flgure 3.4,

illustrating the gperation and sequence aof operations,

The assumptions, cperations and caleculations for ongolng minlng are set

out in Appendix 3.2, with costs of Re29.9/t detalled in Appendix 3.3.
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All ore from the mine is hauled out in rocker cars and dumped at the
portal. It is stockpiled by a front end loader which is also used to
load the trucks that transport the ore to the erushing and
beneflelation plant - assumed for this portfelio te be in Peshawar.
Truclk operating coszts te deliver 50 tonnes of ore per day to Peshawar

are detalled 1in Appendix 3.5.

The 448300 tonnes of ore from stoplng operations plue 8700 tonnes from
mine and stope development s equal to just over 3.5 vears production,
On this basis a new mine must be developed every 3.0 years.

3.4.4 Eguipment Selection

Equipment selection for such an operation is fairly simple because the
operation Iz fairly simple. Drilling equipment is all aic powered
hand-held machines for drifts and raises, and bar mounted machines for
stope drilling, loading and haulage on the haulage level 1s by air
powered rail mounted overhead rockerloaders and battery locomotives
pulling vocker dump carz and material! movement in the sublevels 1s by
alr powered scrapers. The trucks to cart ore to the benefication plant
would be a standard 10 tonne capaclty with hydraulic dumping. Surface
work would require a relatively small front end loader. The equipment
list and costs are outlined in Appendix 2.3, Total cost 1s estimated
at Bs 5.2 million and 1f depreciated over the project life, costs Rs
24.3/1,

3.4.5 HKanning

Operation of the Malakand project will eszentially alwavs invelve two
sites atr a time. A new mine will be under developwent while an
existing mine is being stoped out. Because of the small scale of the
operation, Lhe manning required is alse small. Production from the
stope willl require only one 2 man crew. [Development of a mine will
reguire two 3 man crews i.e., two shifts ﬁer day. One management and

administration establishment would be used. For this portfolie it is
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azsumed these ﬁeaple are bazed at the developing operation because that
iz where the major operational contrel is needed. Thus the management
and administration group would move every 3.5 vears to the next mine
site.

Manning levels and classifications are set out in Appendix 3.4, They
total only % underground operatiocns workers and 31 management,
administration, technieal and surface workers. Costs of the
underground operators are included in development and operating costs,
The other 31 people have an annual cost of Rs565,2 thousand, or
Rs37.7/1.

3.4.6 Cost Summary

Cost estimates to develep and mine the four-orebody Malakand project

can be summarised as follows:

Capital (Rs 000) Bs/t
Site Establishment 8,520 Jo.8
Mina Development 4, 140 19,3
Equipment 5,200 24.3
Direct Mine Operations 29.9
{re Transport to Mill 26.3
Management and Administration 37.7
Infrastructure L40) 2.9

18,000 180.2
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4.0 MINERAL BENEFICTATION STUDIES
4.1 DATA BASE REVIEW

As with mining of metallic ores, there 1s no history of processing
metallic ores in Pakistan, consequently, no constructural, processing
or costing structure to examine directly. The PCSIR has done some
pllet studies on the concentration of chromite, and the consultant's

knowlege of thils work has been incorporated,

The process and structure described in this section come largely from

the process tests done on the ore and the consultant’s knowledge of
plant designs to treat such ores,

Alcthough much of the chromite ore mined worldwide can be used without
any treatment, heneficiation is hecoming increasingly important.
Selective wining, hand cobbing and sorting, pilcking belts, wash
screening, and wet classification have all been practised for many
vears whore lahour costs and pre grade permit.  But more mechanised
methods such as heavy medla separation, gravity concentration using
spirals, shaking tables ete, and electromagnetic and electreostatic
separation are now belng emploved. All these methods separate chromite
ore from silicate gangue but they have no effect on the relative
amounts of chromium, iron, aluminium and magnesium as the oxides of
these metals are 1n solid solution in the ore. To change the metal

ratlos, some form of chemiecal attack would be reguired.

4.2 PROCESS TESTING

Two bulk' samples of chromite ore were taken by the DEM/UCL geologist
and shipped to Australia for beneficiation testing by Australian
Metallurgical and Hineral Testing Consultants {Ammtec) in Perth,
Western Australia. Samples were taken from Hero %5hah and Bada Sar.

The results of that test work are included in Appendix 4.
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PCSIR have also carried out beneficiation tests on ore from the area,
uging gimilar treatment as that employed by Ammtec, with comparable
results, Concentrate grades from the tests were saleable products, but

at low recovery rates., BRecycling and regrinding of middlings would be
necessary to improve overall recovery, but produces a finely ground
product.

4.3 ASSUMPTIONS

As the mining operations were designed to allow tor easy and vapid
expansion of output if the circumstances call for it, =o should the
beneficlation plant be designed. In anticipation of potential increase

in g¢re production, the capability to rapldly increase throughput is
assumed built inteo the plant.

From the assays done, the ore feed to the mill is assumed to grade 27
percent chromite. From the process testing done, the concentrate grade
is assumed 1o be 39 percent Crp0y and 25 percent AlgQO3, with an BO

percent Crj0q recovery rate. ’

4.4  SITE ESTABLISHMENT

The benefliciation plant 1s assumed to be sited in Peshawar. It will be
easy to bulld there, to obtain good management and staff, and to
control operatiens. It will be convenient to the rallway for shipping
product out. Provision of support and infrastructure facilitles will
be simple, including the 7OOEVA electriclty supply, and can be assumed
to be covered in the capltal cost summary in Appendix 5.3. An area of

approximately 0.3 hectare would be zufficient for a plant of this size.

4.5 PROCESS AND DESIGN

Design criteria for the plant are listed in Appendix 5.1, and a flow
sheet of the process follows as Figure 4.5.
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The ore is crushed in a standard two stage crushing circult and milled
to B0 percent passing 200 um by closed circuit, single stage ball
milling. The cyclone overflow is sent to a bhank of spirals where a
concentrate, middlings and tailings are produced. The tallings are
discarded, the middlings are reground in a regrind mill and the
concentrate is tabled. The regrind cyclone overflow is sent to a bank
of cleaner spirals where a concentrate and tailings are produced. The
cleaner spiral concentrate 1s tabled and cleaner splral tallings are
recycled to the head of the circuit. The table concentrates are
thickened, filtered, dried and shipped while the table tailings are
recycled to the regrind mill.

Concentrate production, at the rate of 33t/operating day 1s stockpiled

before loading onto trains for shipment to Karachi port for export,

Tailings, produced at 27t/operating day are trucked from the plant to a
landfill atea by the trucks that bring in the ore from the mines.

Direct cost of processing is calculated in Appendix 5.2 to be Rs
73.0/t.

4.6  EQUIPMENT SELECTION

The processing equipment 1s detalled in Appendix 5.3. Together with
all bulldings and support facilities the total cost 1is estimated at
Rs10.1 million, deprecelated at Rs47.1/t over the life of the four-mine
Malakand project.

4.7 MANPOWER REQUIREMENTS
The manning projected for the beneficlation plant is set out in

Appendix 3.4. Management, administration, operating and maintenance of

the plant takes 29 people for a cost of Rs2B.5/t,
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4.8 COST SUMMARY

The cost of investment, depreciation, and operating the beneflcilation

plant are summarised as follows:

Capital Rs{000) Ra/t
Capltal Investment 100940
Depreciation gver 14 year
and 214000 tonnes 47.1
Direct cost of operation
{excluding manpower) 38.8
Management, administration
and labour 34.2

10050 130.1

4.9 PRODUCTION AND VALURE

Annual production from the plant is projected to be B30D tonnes of
concentrate grading 39 percent chromite, at a cost of R=z308/t, FOB

Peshawar. It is assumed that the concentrate can be sold on the export

market.
Sale Price - FOB Karachi UsSse0/t
= Rsl020/t
Freight and Handling
Peshawar to Ship* 330
Cost of Product 300

Surplus before interest and tax Rs 370/t

* Thls figure taken from SDA eztimate of conceszlonal rail freight
tate and port handling charges for moving Jijal Chromite ore from
Havellian to ship at Karachi.



5.0 TNFRASTRUCTURE AND TRANSPORTATION

5.1 MINES

In addition to the underground workings, each mining operation requires
1ts surface operating and suphort structures. For the Malakand
chromite mines thisg support structure will be quite simple, as all
exushing and ore beneficlation 1s handled away from the mine site.
That leaves the facillties at the mine at mine offilce, change rooms,
workshop, stures varehouse and vard, compresser facilitiesz, locomotive
battery charging facllity, a small fuel tank, mine car dumping
facility, an stockplle area. A small water tank, above the level of

the mine workings should be installed to provide the necessary water,

It 1is envisaged that all sires would be similar, and a conceptual
layout is shown in Appendix 2.2, figure 42.2.1. Land requirements for
surface farilities should not be more than 0.5 hectare, plus the access

road to the site and access for electricity and water lines.

Requirements for waste dumps will be =mall for these projected mines.
The waste development s concentrated ar the start of mine development,
and can probably be used in the formation of the site foundation. Road
construction to the mines is not expected to be onerous, as the area

appears fairly dry, and much of the approach will be along the plain.

Constructing electric power lines should lilkewise be a simple

operation, with a maximum of only 250KVA supply to a mine site.

Water supply iz aszsumed to be available within 2km of the mines.

Provision for piping, pumps and tank i1s made in the site estalilishment
costs,
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5.2 BENEFICTATION PLANT

The beneficlation plant is assumed to be 1in Peshawar so provision of
services to support and power the plant would be a matter of dealing
with the controlling authority for the provision of reoads, electricity

and water. Supply lines for these services should be short.
5.3 SUPPORT INFRASTRUCTURE

In addition to the infrastructure to support the mine and plant
pperations, there ls often a need for services te support the people

involved in a project.

At the mine sltes there are expected to be only 40 people. It 1s not

anticipated that housing would have to Ye provided, as it should be
available within the surrounding area.

It is antlclipated though that transportation will have to be provided
for a2 number of workers. Provigion is made for two mini-buses to
transport men to and from the minesites. Az calculated in Appendix
3.7, this would 1involve a capital outlay of Rsl140,000 and annual
operating costs of Rs33000/7y.

It is not anticipated that apny support of this nature would be provided

in Peshawar for the beneficiation plant workers.

5.4 TRANSPORTATION ANALYSTS

The wvolume of material transported for the project would not he large-
15000t/y ore from the mine sites to the plant in Peshawar, and 6700t/y

of tallings from the plant to a land £il1l site by the same trucks that
haul the ore.

It is assumed that all this material would move in the standard 10

tonne truck (with hydraulically tipplng box) that is common inm the
NWFP.
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6.0  MARKET COMSIDERATIONE
6.1 BENEFI{IATION PLANT PRCDUCT

The product from +the beneficiation plant would be a chromite

concentrate grading 39 percent Crpls. Chromlte concentrate 15 a
saleable commodlity in the International market, with market wvalues a
function of Cry0y grade, combined Cr0y avnd Alply grade, chrome to iron
ratio, and sleve mize of rfhe preduct. The 8300 toones per year of
concentrate produced from this project would have a cost of Rs 300/t at
Peshawar, and Rs 620/t FOB vessel in Karach?,

G2 MARKLET AMALYLES

The primncipal consumers of chromite are the merallurgical, chemical,
and refractery industrles. Fach of these consumer groups Iimpoces

guality reguirements and specifications for the chromite 1t utilizes,

Chromium 1s used in the metallurgical industry te enhance
hardenability, creep and Impact strengths, and resistance to corresion,
oxldatlon, wear, and galling (Papp, 1986). The ores used by the
metallurgleal industry teo preduce ferrochromium, an intermediate
product, have Crgly contents of 45 to 50 percent and Cr:Fe ratios of
2.5 to 4.3, A standard composlition of a metallurgical grade

chromite 1s 48 percent Crp0g with a 3:1 Cr:Pe ratio. Charge grade
chromium, made from chemleal grade chromite, is being used to produce a
lover grade fecrochromlium sultable for wuwse ln arpon oxXygen
decarbonization {AOD) and vacuum oxygen decarbonization (V0OD) methods

of making stalnless steel (Mikami, n.d.).

Chromlunm-contulning chemicals are used o ehromium plating, etebing,
leather tanning, and drilling. The principal chemical produced is
sadium dichromate, which serves as the hasls for the production of
chreomlec acid, bhasic chreomium sulfate, tanning ecompounds, and

chromium-based paints, dyes and pigments. (Papp, 198631. Sodium
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dichromate 1s produced from chemical grade chromite; which generally
possess the following properties: Crp04> 44 percent, Cr:Fe about 1.5,
and silica legs than 3.5 percent (and most often, less than 2.5

percent).

The production of refractory briek and modvars, and ramming and gunning
mixes by the refractory industry employs refractory grade chromite
which traditionally has low Crafg (30 to 40 pereentd, rvelatively high
ALd0d (25 to 12 percent), and o low Urile catlo (2.0 Lo 2.5:1) {Mikaud,
n.d.). While refractory brichks can contain up te 100 percent chrome,
chromite 1s generally blended wlth magnesite to produce either
chrome-magnesite (greater than 50 percent chrome} or magneslte-chrome
fgreater than 50 percent magnesite) brlcks (Papp, 19863, wlth a typical

mixture of 45 percent chrome and 55 percent magnesite,

The major application of chromite refractorles i1z in iron and steel
processing, non-fcrrous alloy relinlng, plassmaklng, and cement
processing (FPapp, 1986). ‘Unlike applications in the metallurgical and
chemical industries, the refractory industry uses chromite mineral
directly {without the production of an invermediate product suech ag
Ferrpehromium or sodivm dichromate). Chromite iz used in refractorles
to improve thermal shock and slag resistance, wvolume stability, and

structural strength {Papp, 1986},
£.2.]1 Internaticnal Aspects

Whilst the world reserves base of chromite has been estlmated in 19335
at 7.5 Bb1llion tons by the U.5. Bureaw of Mines, the gecgraphlc
distriburion of these reserves is extremely uneven. About 84

percent of .the world's chromite reserve Yase ls found in the Republic
of South Afrieca, Zimbabwe, Sudan and Madagascar. Outside Africa, the
major reserves of chromite are found in the USSR (142 millon rtons),
Turkey (80 million tons), India (66 million tons), Finland and

Philippines (32 million tones eachy, and Albania (22 million tons).
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World mine production of chromite iz estimated to have been about 10
million tons of Crplg ores and concentrates, of which 6.1 million tens
was produced in the non-Communist world. {Elﬂ, 1987y, Table 6.1
depicts the distribution of mine production betwesn 1980 and 1985, As
can be sesn, South Africa, In terms of chromite ore and concentrate,
produced over {54 percenl of the total non-Comumunist world mine
production {or one-third of total world production). The USSR

produred a similar amount,

4 large share {i.e., over 50 percent) of the world’s chromite
production 1s privately controlled, altheough some production in Greece,
Turkey, India, and Finland, and all productlon in USSR, Cuba, Albania
and Vietnam ix stare-controlled or owned. Among the major chromite

. producers, by country, are:

Country Company
Albania Government Uwned
Brazil Cia. de Ferrn-Ligas de Bahia 3.A.

Cia. de Mineracac Serra de Jacobina 5.4,
Coitezerio Mineracao 5.4.
Cramita do Brazil 5.4,
Kineracao Vale do Jacurici 5.A.
Finland Qurokumpu Dy {Government Quwned)
India Ferro Alloys Corp Ltd.
Misrilall Mines Pvt. Ltd.
Myzore Mineral Ltd.
Origea Mining Corp. Ltd. {Government
el }
Tata Iren and Steel Co,
New Caledonia Ineco Metals Co,
Philippines Acojo Mining Co. Inc.
Benguet Corp.
Philehrome Mining Corp.
Sputh Africa  Chrome Mines of South Africa Ltd,
Chrome Corp. {5.4.) Pry. Ltd.
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TABLE 6-1

JORLD PRODUCTION OF CHROMITE

(TBOUSAND SHORT TONS, GROSS WEIGHT)

Country 1980 981 1982 19813 1984 1985
Albania 783 T44 7535 794 9049
Brazll 261 304 171 282 303
Cuba 23 30 a7 &1 &4
Cyprus I 3 ¢ 1 0
Finland 454 380 271 492 300
Greece ' 27 32 30 68 68
India 369 374 465 466 610
Iran 35 45 55 55 33
Japan 12 12 9 8 13
Madagascar 110 49 50 64 66
New Caledonia 5 55 1 93 B7
Pakistan 2 4 7 3 4
Philippines 484 355 294 286 284
Rep. South Africa 3,164 2,385 2,460 3,314 3,682
Sudan 28 21 22 22 22
Turkey 442 439 181 537 496
USER 3,200 3,240 3,240 3,240 3,240
Vietnam 17 18 18 20 17
Yugoslavia (a} 0 ¥ c 0
Zimbabwe 391 476 463 525 351
TOTAL ’ 10,018 9,026 8,029 10,3112 10,951

Source: U.5. Bureau of Mipes, 1986
Notes: (a) less than 500,000 tong
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Lavino South Africa (Pty.} Ltd.
Marble Lime and Assoclated Industries
Ltd,

Montrose Exploration Co. Lid.
Transvaal Consolidated Lands and

Exploration Co. Ltd.

Turkey Etibank (Covernment Owned)
Burza Tores Erovlari AS,
Egemetal Madencilik AS.
Si1tkl Kocman Mines
Turk Maadin Sirket: AS.
Haryl Ogelman Madencilik AS.
U55R Government Ownad

Zimbabwe Rio Tinto (Yimbabwe) Led.

timbabwe Alloys Lid,

Zimbabwe Mining and Smelting Co. (Pvt.)

Ltd.
Whilst production of ferrochromium from chromite ores has historieally
been done in the more developed countries, the current trend has been
for chromite produclng countries to install furnace capacity for such
production and, thus, reap the value added from downstream processing
{Papp, 1986). Only two companies, Outokumpu 0y of Finland and
Middleburg Steel and Alloys Holdings (Pty.) Ltd. of South Afrieca are
vertically integrated {(able to mine and smelt chromite and produce

stalnless stecl)y.

In terms of worldwide demand for chromite, the OFCD countries accounted
for over %54 percent, whilst the USSR accounted for 23 percent., OBCD

consumers obtained chromium through Ilmports of beth chromite and
chromium ferroalleys, secondary sources {recycling of scrap containing
chromium), and stocks held by inpdustry. fmong these consumers, lmports
of chromium ferroalloys and metal are increasing in relation to

chromite imports. This trend is largely the result of increases in
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ferrochromium production capaclity by chromite producing countries,
lower production costs by those producers, and avoidance of shipping

rosts assoclated with ores and concenrrates.

Prices paid for chromlite have remained relatively stahle desplte
continved uncertalnly regarding potentlal interruptions in the supply
of chromite. The uncertainty regarding supply arises from the
concentration of chromite reserves in countries that have heen subject
to serlous internal and external conflicts and stresses. Continued
unrest in South Africa and the adversarilal posture between the United
S5tates and USSR have hoth caused concern over the possibility of supply
interruptions. Should the supply of chromlite from Seuth Africa be cut,
it i3 unlikely that output trom other producers would be sutficlent o
meet demand. It should, however, he recognized that many countries
{including the United Statez and Japan) maintain governmental
stockpiles of both chromite and ferrvochromium, as do many industrial
consumers.  In the event of a supply lntervuption, 1t 1s thought that
these stockpiles may sufficlently meet demand untll additipnal
preductive capacity and/or increased secondary recovery could add tp
supply. The malntenance of stockpiles and inventorlies has contributed
to the stability of prices for chromite.

Becent (198B0-85) price trends for chrvomite from Turkey and South Africa
are shown in Table 6.7, Turkish chromite ls generally 48 percent Crgl3
and is suitable for metallurgical use. Sputh African (Transvaal)
chromite has a typical Crg0q content of 44 percent with no fixed ratio
and 1s used oxtensively in the cherical industry. All grades of
chromite can be used in the refracrory industry although not for all
grades of productg.  Albanian concentrates are guoted as having 51

percent Crp0j.
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TABLE 6.2
CHROMITE PRICES

{in dollars per tonne)

1980 1981 1582 1933 14984

Transvaal Friable,

~Lumpy 55 85 55 55 55
Albanilan

Concentrates - - - - 68
Turkiszh Lumpy 110 110 110 10 110

Note: Prices are presented in current U5 dollars, FOB.

1985

a0

B4

120

1986

43

nd

120
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Future world demand for chromium is Fforecast (by the U.5. Burean of
Mines) to grow at a rate of 4.5 percent per year until the year 2000.
Based upon a 1985 demand load of 10,951 tons of chromite, thls average
annual growth rare would result in a dewmand for 22.4 million tong of
chromite by 2000 {or a doubling of current demand). Several forecasts
have suggested that demand would range from 20 million tons to 24.6
million tons in 2000, ({Fischman, 1980; Leontief, 1983; and U.S5. Burean
of Mines, 19280%. The U.S. Bureay of Mines has supgrested that, by 2000,

demand would lile withlin a vange of 17.5 and 32.0 million tons (Papp,
1586).

In terms of end uses, it 1s expected that echemical industry
applications would acceunt for 13 percent of demand in 2000, refractory
wses for ¢ percent, and that metallurgical uses {including fabricated

metal proeducts, machinery, transportation, and other uses) would
account for the remalning usage. The lncrease In thiz latter category
largely reflects increased wse of stalnless steel and other alleys
required by high rechnology. Refractory uses are forecast to decline
as the steel industry use of open hearth furnaces declines; glassmaking
and cement kilns will likely be the major source of demand for
chrome-based refractories. Use of chromium by the chemical industry is
forecast to grow at an average annual growth rate of 3.5 percent. This
increase will largely occur through increaszed use of pigments, drilling

rods, catalysts, leather tanning, metal plating, and wood and water

treatment.

In light of forecasts of demand for other metals, the consultant does
not foresee achlevement of the demand foreecast by the U.5. Bureav of
Mines., In light of the demand forecast for zine, manganese, and other
metals, and based upon historic patterns of demand growth, the
copnsultant forecasts world demand for chromite to prow at an average
annual rate of 1.3 pevcent, or to a level of 13.7 million tons in 2000,
This lower forecast iz also based upon the consultants expectation that
the OECD countries will be risk averse and seek to inecrease

substitution of chromium for other, more readily avallable materials.
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4s shown in Table 6.2, prices for chromlte have remalned stable and
shown little increase since 1980 {(the guoted price for South Africa
Transvaal chromite decreased by 20 percent in current termg, while
Turkish chromite increased by 9 percent). In the period 1985-2000,
prlces are not expected to 1Iincrease 1In real termz unless an
interruption in supply occurs that creates a temporary shortage

of material. In part, the threat of &4 sgupply interruption s
responsible for low expectations relative to price increases as such
concerns appear to have fueled interest in exploration and developmant
of new sources of supply (EIU, I19B7). - Also contributing to this low
expectation of prices increasing is the increasingly competitiveness of
the chromium processes and the trend toward processing within producing

countries to capture the value added by downstream processing.

6.2.2 Domestlc Aspects

The principal occurrences of chromite in Paklstan are located in the
North West Frontier Province and Baluchistan. Production of chromite
has heen recorded in both provinces since 1975/76, as shown on Table
©.3. A= can be seen, production of chromlte has declined since the
mid-1970*'s. Interestingly, production increased in 1982/83 and
1%83/84, during the world economic recession, over production levels
achieved in the period 1979/80 to 1981/82.

In terms of exports of chromite, approximately 6,000 tonnes were
exported during 1982, none in 1983, and over 29,000 tonnes in 1984/85.
Table &.4 displayzs the guantity of chromite exported in 1984/85 by
country of destination and value per tonne of exported chromite in hoth
Rupees and U.S5. dollars. These exports, in 19B4/85, were valued at Rs.
29,292,000 (or Rs. 997 per tonne).
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In addition, Pakistan imported chromium oxides and hydroxides in
1982/83, 1983/B4, and 1984/85., Respectively, these imports were 30,
48, and 36 tonnes. In 1984/8B5, imported chromium products were valued
at Rs. 118,000 f(or Es. 3,278 per tonne) and were obralned from the
Metherlands. Early imperts were obtalned from West Germany and

China (Forelgn Trade Statistics, 1986 and U.S. Bureau of Hines, 1986},

As seen ln Table 6.4, the average value of exported chromite in 1984/B3
was Rs. 997 (or 559) per tonne. It has been reported that Jijal
chromlte (wlth greater than 48 percent £r203 and a 2.8:1 rario) was
spld through Pakistan Trading Corporation for $70 per tonne {fob
Karachl)y. Also, Jt 1s rveported that negotdationz are belng conducted
for the sale of 6,000 tonnes of Malakand chromite (40 percent Crs03 and
2.5:1 ratie} at an asking price of 560 per toone.

6.2,3 Competitive Analysis

As long as Pakistan can produce good grade chromite ore or chromite
concentrate at the costs projected in this portfolin, there should le
an export market for the product. Import substitution is not an
immediate prospect as the lmports are an upgraded product and used in
small qualtivies, not warranting econversion facility investment. This
situation could change if Pakistan were to develop 1ts steel industry

into the making of stainless and other speciality chromium steels.



YEAR

1975776
1976/77
1977/78
1978479
1979/80
19580/81
1581/82
1982783
1983784
1984/85

NUFP

2,115
2,550
3,204
1,270
)

Q40
230

0

0

Source: Statlsticpl

Destinarion

Bahrain
Bulgaria
China

Italy

Japan
Hetherlands
Fhilippines
Average
TOTAL

C AT

TABLE 6.3

CHROMITE PRODICTION -

{tonnes, gross veight)

Baluchistan

Yearboolk, 1986

12,360
7,900
7,297
1,681
2,565
1,108
2,038
4,257
4,180
3,090

TABLE 6.4

CHROMITE EXPORTS 1984785

Quantity (a) Bs

65
5,060
5,000
1,839
4,700
2,704

10,000

29,368

Source: Foreign Trade Statisticsy,

800
1,000
1,175

913
1,287
1,201

733

097

1986

Note! (a) quantity reported In metric tounes

{b) aszsumes 5! (U.S.y = Bs 17

PAKLISTAN

Paki=ztan
12,360
14,015

9,847
4,885
1,835
1,108
3,028
&, 487
4,180
3,000

Value/Tonne
SU.S. (b)

47
59
69
54
76
71
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7.0  FINANCIAL CONSIDERATIORS
7.1 CAPITAL INVESTHMENT

The iInitial investment needed to start the four-mine Malakand preoject
iz estimated to be Rs6.4 million to start the first mine and Rs 10.1
mrillion to construct the beneficlatlen plant. 4&n additional invesztment
of Rel3.5 millien would be needed to develop mines 2, 3, and 4 up the
the 11th year of the projeet.

It is estimated that 24 percent of the initial capital would be forelgh
exchang purchases, and 10 percent of the further investment. Toral
forelgn exchange purchases of capital items over the 14 year life of

the preolect are estimated, in 1986 terms, at R=6.9% milllon.

7.2 OPERATING COSTS

Operation costs for the four mine Malakand projiect, from the wvarious

aysumptions, estimations and calculations are summarised as follows:

Production Direct Operating Capital Total
t/y Bs{ooo)/y  Rs/t Rs/t Rs/t

Mining 15000 L4005 93.9 B3.4 177.3
Plant 13009 1095 73.0 47.1 120.1
Other a3 2.2 0.7 2.9
Total and 15000 2537 16%.1 131.2 300.3
averages

Concentrate B300 2537 3057 238.7 255.4

produced
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7.3 FINANCTAL APPRATSAL

The economic and financial viability of the project described in this
portfollo 1s of course dependent on the many assumptions and estimates
made in calculating the investments and operating costs, though these
are belleved to be conservative. The figures used, if financing and
taxation charges are neglected, show an internal rate of return of 4

percent {Appendix 6).

It is worth noting that the tranzportation cost of concentrate from the
plant to ship is the larpgest cost component of the analysis. Appendix
6 shows how much a change in this component can change the internal
rate of return. Equally a change 1in market price would have a high

impact omn rate of return, but this 1s forecast to be relatively
stable,

4 project such as thls would be beneficial in terws of forelgn exchange
income. For the estimates used, this income would he Rg B.47 million

per year, otr Ks 118.5 million over the 14 year project.
7.4 PERIPHERAL ECONOMIC BENEFITS GENERATED

One of the major economic benefits from a chromite project such as this
would be the earning of foreign exchange. Probably of equal benefit
would be the skills and expertise galned by the developing and
operating people on such a project. Thiz increase in technological and

management skills would assist the province and the country in future

mining developnents.

The establishment of mining activities in the Darghai area would
increase the industrial base of the area, generating ancilliary

businesses and helping to increase employment in the area.



8.0 RECOMMENDATIONS
8.1 CUREENT S5TATUS OF TEE HMALAKAND CHROMITE PROJECT

The 3D4 have a gecloglcal project team in the area, working under a
Revised PC-11 Scheme, starting from December, 1986. Two areas are

recelving the mogt attention currently, Hero Shah and Landi Raud.

There are as yet insufficient data to enable calculation of mineable
ore reserves, but this data should be developed as exploration
continues in the area. There are a number of mineralised target areas
to be examined, and on the preomise shown by current exploration the
consultant has made a number of assumptlions and developed & generice

mining and beneficiation operation based on these assumptions:

o Mineable orebodies in the form of steeply dipping, small pods
exist, with a mineable width of 5m, and an extraction
potentlal of 53,500 tonnes per orebody. Your such orebodiles

are assumed,

o Mining can be done by sublevel open stoping technigues, at

the rate of 15000 tonnes per year, with mine access by adit
at the bortom of the orebody.

o The ore average 27 percent chromite and 1s amenable to
beneficiation te produce a concentrate (3% percent chromite)
of marketable quality in the world market.

4.2 EXPLORATION AND DEVELOPMENT

Notwithstanding the assumptions made concerning ore and orebodies for
thig portfolie, the critical recommendations for the Malakand project

are to enhance the exploration activity.
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The calculations on mining and beneficlating the ore have been based on
assumptions and extrapclations made from the avallable knowledge and
samples of the chromite exploration targets. There 1s some proven

ore, but of indeterminate grade.

Recommendations are:

Prove the ore at the known target areas. Diamond drilling
15 the preferred method of doing this. dnce a
mineralisation zone has been determined, a drilling programme
on a grid pattern should be carried out to determine both
geometry and grade of the orebody. The apparent small size
and variable grade of the orebodies makes good definition of
each g¢rebody dimperative. The short mining 1llfe of each

orebody leave no leeway for expensive mining mistakes.

An inlrigl drill pattern on a 20 metre sgquare grid is
recommended, with 1nfill drilling almost certainly necessary

as the ore is outlined.

- Find more orebodies. The existing inferred reserve are
ingufficient to justify an exploitation and beneficiation
programme. Froven mineable reserves in excess of 200,000
tonnes are considered the minimum required.

- Establish a beneficiation test programme to test all ore
found for amenability teo upgrading to a marketable
concentrate, Testz on beneficiation compatibility of ores

from different orebodies will be egszential.

- Conduct detalled feaslbility studlies eon the mining and
beneficiating of proven ore. Effective and efficlent
operations are essential toe the profitable mining of small
orcbodies, as there 1s little time ovr toom to correct

mistakes.
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8.3 MINE DESIGN AND BENEFICIATION PROCESS

The mine deslpgn and beneflelation process in this portfolic arve
developed from numergus aszsumptions and are basically generic and

simple to provide Indlcatlons of structure, process and costs,

Detalled studies and deslgnsg will have to be done based on the

gpecifics of the orebodies when they are proven.

The total scale of operations will have to carefully be assessed and
will depend on the number of mineable orebodies found and the total
amount of ore found. It 1s antieipated it will be relatively easy to
expand ore production by duplicating operaticns, so the capacity te

expand beneficiation capacity readily should be designed into the
plant.

The bheneficlatlon plant ghould ke on a rail line to limit the number
and dlfferent types of transport that have to bhe wsed for ore and

concentrate.,
B.4 INFRASTRUCTURE AND TRANSFOBTATION

Developing a mining operation in an area will always require supporting

infragstructure and transportation systems.

Road construction should be very simple for the most part, with only
final acceess to mlne sites being through hilly terraln. Trucking over
these roads is expected to be 5 trucks (30t) per day over approximately

3.5 years for each mine site.

Construction of electric power lines should also be guite straight
forward, as the power reguivements are small - 250KVA per mine, and
most of the land over which they are run will be drainage plain.



It 12 not antlcipated that housing conztruction would be required for
an operation of this gize. 0f the 40 people projected, some would be
living In the area, and numerous willages in the area should provide

the necessary housing.

Land acqguisition 1s not conslidered to be a problem as the mlnes would
be in the hills, and the areas unlikely to be under cultivation,

Infrastructure for the beneficiation plant is expected to be supplied
as the plant 1s projected to be bullt in an industrlial estate in
Feshawar.

8.5 MARKET STUDIES AND DEVELOPMENT

There is currently a good Iinternational market for quality chromite ore
or concentrate, and indeed Pakistan has been selling into that market
for a number of years a high grade run-gf-mine material. As set out in
section 7, world demand for chromite is expected to grow slowly, but
wilthout much change in price. Malakand chromlie conceptrate should
have ready sale into this market, at the price projected, U5560/tonne,

vhich equates to recent Paklstani sales of the ore.

It will be necessary to keep good control on mining and beneficlating
cogts in such a time ¢of stable prices. Negotiating the best possible
rall freight charges and shipleoading charges will be very lmportant to
the profitability of the project.

It is projected that all concentrate would go to export, as there is no
domestic demand for thisg product, and the use of upgraded chromium

products is too small yet to justify Pakastanl facilities.



8.6 FINANCTNG ALTERMATIVES

Finance for the development of a project of this sort, particularly if
under the auspices of a government sponsored bLody like the 5DA, can
come from a onumber of indigeneus sources, 1ncluding the Industrial
Development Bank of Pakistan, the Hational Development Finance

Corporation, and the Regional Development Filnance Corporation.

Development of a prolect of the scale outlined in this portfolic 1is
unlikely to attract any interest from mining companies or market
oriented financing institutions outside Pakistan. Preparation of a
good, realistic feagibility study is a pre-requesite to financing

consideration by all the institutions canvassed by the consultant.
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PETROGRAFHIC STUDIES



PETROGRAPHIC ANALYSIS OF SAMPLES FROM
THE HERO SHAH SITE

HCH - 28 Olivine Chromltite

This sample consists of chromite, olivine, serpentine and chlorite with
traces of talc and magnesite. Chromite is brown. It i= generally < 2
mm in graln size and contains a few sgillcate Inclusions. Most grains
show some alteration to black ferritchromite aleong fractures and grain
margins, with accompanying chlorite. The olivine s strained,
fractured, and aleng margins and fractures altered to serpentine. it
13 devoid of inclusions but in a few places there are vermicules of
chromite 1n ollvine. This Intergrowth s unuswal and contusing Erom
petrographic point of view. The model composition of the rock is given
in Table 1.

MCH-29 Chromitite

This rock consists of chremite, olivine, clino- and orthopyroxend,
serpentine, and chlorite. It is medium grained and chromite grains
reach up to 4 mm.

Chromite is brown but along grain houndaries and fractures it is
altered to black ferritchromite. The alteration is minor but the
chromite contains inclusions of silicate phases, particularly in the
centre of the grains. Chlorite, and alteration preduct of chromite, is
associated with ferritchromite. The silicates show local development
of serpentine, thus some clinipyroxene grains look spongy. Although
much cpx 1s "interstitial", optical continuity suggests that some may
be polkilitic. Tiny inclusions of chromite oceur in pyroxene but vere
not noted in olivine,

Modal composition of the rock is given in Table 1.
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TABLE 1

MODAL COMPOSITION OF THE CHROMITITES BASED
ON TWO THIN SECTIONS CUT AT 90° T0O EACH OTHER

SAMPLE NUMBER MCE 28 MCE 29

NUMBER OF POINTS COUNTED 731 1156

Chromite 45 4
Ferritchromite 2 10

Sllicate inclusions in chromite 1 3

Olivine 35 10

Pyroxene - 14
Serpentine + Chlorite 16 g

Note: As usual, oxlde proportion under microscope may have been

overestimated by 2 of 3% and silicates, particularly

inclusions, may be underestimated.



a4

APPENDIX 2

MALAKAND FOUR-MINE PROJECT
CAPTTAL CDSTS



A.2.1

Typical 51te Establizhment for Minlog Operation suitable for 50t/d
sublevel open stoping:

Ttem Rs(000)
Establish road accoessy - Skw @ Kz L6, 000 150
Clear site for Bulldings
portal ete. - 0.5 hectare a0
Elactrification - line in 3km € Rs 200,000 600
Vater Supply - Zkm plping @ Rs 200/m 400
tanks and pumps 100
0ffice change houses and
facilities buildings . 160m? @ Rs 1800 108
Workshop - 20 m? @ Rs 1300 26
Stores - 20 mw? @ Rs 1800 36
4lr Compressor Hpouse - 10 m? @ 1000 10
Fitting out - 0ffices, change houge 50
workshops 20
Site Civil Vorks - tor dumpz, =ztockplles, waste
rock disposal, stockpileg ete 200
air Compressors - 1 @& 375cin S00
Sub Total 2280

Need twe sites established at one time once second mine
starts to be developed.

S0 capital input = 2 ®x Bs 2280 = Bs 4560
10Z Contingency 440
Total Initial Site Establishment Rs 5000

Amortlized over 2 mining coperations of

53,500t each for 107,000/t Cosl/tonne = Rs 46,7/t
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Additional Site Establishment Costs

Assume bulldings move once to next mine site
Sitez 3 and 4

Rs{000)
As above 2280
Less buildings, fittings, compreszor {780)
Flus moving costs 100
sub total 1600
10% contingency 160
Establishment cost for sites 3 and 4, each 1760

Amortized owver 53,5001t Rg32.9/¢
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A.2.2

Mine Development

to ready for production stage
for 30t/d sublevel open stoping

Item Rs{00Q)
4dir access 200m @ Rs1860 372
Vent raisze 90m @ Rs1200 108
Vent fan installed 20
Stope Development
raizes 2 x 60m @ Rs 1200 144
Sublevels 4 x 50m @ Rs100Q0 200
Top level development for ventllation S0m @ Rs1000 50
Cone out for chutes 625m3 45
Subtotal 939
+ Contingency 10% 96
Total 1035

Amortized over 3.5 years and 53,500t = Rz 19.3/¢
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Hine Development timing and tonnage

Development Time
200m adit 200 days
90m wvent raise a0

Stope Development

120m raizes 120 days
250m sublevels 250 days
Chute development 78 days

738 days

Assuming 3 man crew, 2 shifts per day.

Ore Produced

50m % 5.6me x 4t/m2
- 1120t

120m x 2.25m¢ x 4t/m3
= 1080t

250m x 4m2 x 4t/m3
- 4000t

625m3 x 4ts/md
= 2500¢

B700¢
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A.2.3

Equipment
for 50t/d sublevel open stoping

Item Rs{000)
1 rockerloader 485

2 battery locomatlve set 1500

8 rochker cars 120

2 £lat cars 20

1 slusher 500

J alr leg drills 51

2 long hole drills 60

2 plugger drills o

18 cap lamp sets i3

3 10t trucks 1050

2 front end loaders 300

2 utility vehicles 350
Sub total 47131

+ contingency 10 % 469
Total 5200
Depreciation over 14 years and 214,000t = Rs 24,3/t

Low utillsation rate of equipment should

Ensura.lnng life
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APPENDIX 3

OPEBATING FARAMETERS
AND
COSTS
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4.3.1

Haulage drift costs
Cost of driving a drift

* Drift = 2.3 ¥ 2.3m with timber sets every metre
* Drilling

15 holez/round - say 17m/m advance

drill steel = Rsl200/steel for 150m life

* Explosives
From 3DA - explosive costs = Rs 100/ff of 6'x5° drift
For drift of area &7 sq ft

assume 50X Increase in explosive cost

* Timker for support
assume Bs 7310/t of timber

l0kg/m length use 6.Mm/set

* Labour

assume 0.5m advance/shift for 3 men

- drill, blast, muck out, install timber sets
@ Rs>30/man shift

* TOTAL

use
Cost of Haulage drift

* Driving drift and timbering
* Track
rall cost eztimated to be Rs250/m for 22kg rail

for track

Rgli6e/m

Rs 500/m

Rs  46/m

Rs 300/m

Es 982/m

Rs1000/m

s 1000/ m

Rs 500/m



T
Spikés, plates, swltches

estimate « Rg 132/m

Sleepers
assume wood 10/10/80cm @ Rs 1000/t

56 gleepers/t and 3/m = Rz 168/m
Alr and water pipe

galvenized iron pipe = Rs 30/m
per metre of drifg = Rz 60/m
Cost of finished haulage drift = Rs1860/m
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A.3.2
50t/d Sublevel Open Stoping

Assume ore veln and stope iz 5Sm wide
Sublevel is 2m x Zm on footwall, at 12m intervals
Area drilled by one ring of longholes = 56mZ

Blasting - use 1.3kg explnSiVEHmE ore
explosive leading densite = 1lkg/m in 45mm hole

Drilling - vith bar mounted percussion drill
drill 25 holes for 98m

Put rings 1 m apart

Load 73kg explosive/ring

Blast 5ém? x 1md x 4.0t/m? = 224t/ring
Have to blast 1 ring every 4.5 days

Drilling time

Set up 1.0 hour

Drill 98m @ O.4m/min = 245 min. - say 4.0 hours

Change holes 24 times x 5 min 2.0 hours
7.0 hours

Assume 3 man crew, drill and blast 1 ring every 2 days, on 1 shift per
day. The 224t of ore broken per ring can be hauled to the portal over
2 days.

Tonnage per stope

56m?/ring x 50ml (50 rings) x 4 sublevels x 4.0t/m3
stope mining cyele = 44 ,800/50 = 896 days

44,800t

3 years
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4.3.3

Mining Cost
50t/d sublevel open stoping

Drilling
98m/ring
estimate detachable bit cost = Hs1200
lasts for 150m
estimate rods to drill up to 5.5m deep = Rs5000
good for 900m

Cost/ring
bits 987150 = 1200
rods 98/900 x 5000

Es 7B4
Bs 544

for 224/ring Es1328 Rs5.9/t

Explosives
Tikg/ring x Bs40/kg Rg2920
25 detonators x Rs4 100
70m electrice wire xRs5/m= 350

)

for 224% R=3370 15.0

Haulage

elactricity 1.0

Manning
 Stope miners
3 @ RsdOt/d

Rs 150 3.0

Sub total : 24.9
Contingency 20X 5.0
Total direct mining cost Rs29.9/¢



4.3.4

Mine Management, Administration, Techhical and Surface labourers

far Malakond 2 site operations

Type Ho  Salary/Month Tukal Honth
{Ra} {R=)

Manager/Mine Englneer 1 S400 5400
Clerk Typist 1 1000 1000
Accounts Qfficer 1 3300 3300
Clerk 1 1100 1100
Geologist 1 4400 4400
Ass't Mine Engineer 1 2700 27100
Surveyor 1 2000 2000
Surveyor Assistant 1 1100 1100
Mine Foremen 3 1500 4500
Transport Clerk 1 800 800
Drivers k! 1500 43500
Mechanics 3 1400 4200
Electriclan 1 1300 1300
Technical Clerk 1 900 900
Draughtsman 1 1100 1100
Storekeeper 2 1000 2000
Yard Drivers/VWorkers 2 1000 2000
Watchmen 4 800 3200
Chowkidars 2 1600

31 47100
Cost/tonne = Ra47100/12501 - Rsd7.7/t

Underground Workets
Stope miners 3 men x 1 shift
Development cres 3 men x 2 shifts 6
9

Costed into direct mining costs in A.2.4.
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A.3.5

Trucking Operation
530t/d mine to mill (Peszhawar)

70 km from mine to plant
One truck does 2 trips/day = 280km
Moves 20 tonnes/day

Monthly, per truck = 500t
= F000km
Usge 3 trucks to move 1250t/ mo

Cost per truck per month *
Fuel @ 4km/l and Rs3.0/1 Rs4376/mo

Maintenance 2000
Tyres 2580
Reglstration and taxes 1000
9956
10X contingency 994
R=10950/mo
For 416.7t/mo/truck = Rs 26,3/t

Drivers wages are already included in Manning costs, Appendix 1.5.

* Costs based on information from trucking operations in NWFP.
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A-Ji?

Transport to Operationy sites

Workers/staff have to be transported from surrounding towns to mine
sites.

Total 40 people
Assume two minibuses are required, one to each site.
Assume each travels 40km/d
Bunning costs estimates
Assume Bkm/l petrol @ Re7.0/1
Tyres Rs3000/set of 4 - 30,000km

Km/mo 1000
Rs/mo
Fuel B75
Repairs 150
Service 150
Tyres 100
Registration _100
1375
No 2

Re2750/me x 12 = Rsd3,000/y = Rs2, 2/t

Capital Cost

Estimated at Rs 70,000 per unit
Deprecilation charge = Rs0.7/1
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APPENDIX 4

CHROMITE ORE PROCESS1NG

TESTWORK
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Two samples of chromite ore from Hero Shah (MCH-BI) and frem Bada Sar

{BSB-1} were submitted for testing.

HEAD AS55AY (Percent) MCH-B1 BSB-1
Cra0g 27.6 33.2
Feq0y 13.0 12.3
Fel 1.23 1.27
Al904 19.9 13.8
MgO 22.1 24.4
Cal 0.538 0.385
5i0q 14.4 13.5
Pals <0.02 <0.02
¥ Los=s on lgnition 1.77 1.92

Testwork Procedure

The samples were ground to provide three milled products per sample.
These products were minus lmm, minus 0.5mm and minus ©.25mm

respectively and after milling they were upgraded on a shaking tablée,

Results

Test results are complled in Table A.4.4.1 (MCH-Bl) and Table A.4.4.2
{B3B-1).

In each instance, it may be seen that as the grind becomes finer the
amount of silica rejecting to the tailings increases : tabling materlal
ground to minus 0.25mm results in 37.6 percent of the silica being
rejected in the case of sample NCH-El and 53.B percent in the casze of
sample BSB-1. Unfortunatrely, chromium shows the same trend, 1&.0
percent and 18.1 percent of the Crg03 reporting to tailings with a
grind of minus 0.25mm for MCH-Bl and BSB-1 respectively. Thus to

achieve a low silica product, recovery will have to be sacrificed.

PCSIR Laboratories, Lahore, reportedly carried out beneficlation tests
of a Malakand chromlte sample of unspecified source or head grade, and

using a similar treatment route as followed in the Australian work,
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with the exception that PCSIR used a slightly finer grind, produced the

following concentrate {the minus 0.25mm results on MCH-Bl and BSB-1 are

also shown for comparison).

Sample PCSIR MCH-Bl BSB-1
XCro0y 45 39 47
Fel 16

5109 9 3.6 3.3
Al203 15 25 18
MgO 14 14 15

The PCSIR results are simllar to those from BSB-1 for most constiltfuents
except silica which was rel]ected more successfully in the Australlan
test work. This is most encouraging as the Japan Consulting Institute
found that Malakand chromite with 4.45 percent S5i0y to be sultable for
the production of chrome magnesite refractory bricks, whereas chromite
with 15.7 percent and 23.6 percent respectively wvere not found to be
sultable. Thus the concentrate from MCH-Bl with »>60 percent combined
Crg0q and Alp03 and a silica level of less than 5 percent would seem:to
be suitable for refractory use (see specification for high aluminium
ore Iin the Introduction). The concentrate from BSE-1 would seem to
meet the specificatlons for chemical grade material so there may be

further uses for the Malakand chromite ore.

The concentrate grades show them toc be =aleable products but recovery
in the table concentrate is low, only 22 percent of the Cry03 reports
to the concentrate in the case of MCH-Bl and 21 percent in the case of
BSB-1. However, the middlings in each Instance contain about 60

percent of the Crp03 in the table feed.

Recycling the middlings will improve recovery but in ocrder to keep the

silieca content low, 1t will probably be necezsary to regrind the
middlings.
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A.5.1

Chrom

Gener

Crush

Milli

. B0 -

ite Plant - Design Criteria

al

Annual cperating days
Plant availability, %
Annual uﬁerating hours
Plant capacity, t/h

Flant throughput, t/y

Ore grade, % Cro03
Recovery. %

Concentrate grade, XCrg03
Concentrate grade, X51904
Concentrate production, t/y

ing Section

Operating schedule, dfy
Operating schedule, d/wk
Operating scheudle, h/d
Avallability, 2%

Annual operating, hours

Design capacity, t/h (dry basis)
Primary crusher feed size, mm

Crushed product, 80% minus, mm

ng Sections

Operating schedule, d/y

Operating schedule, d/wk
Operating scheudle, h/d
Availability, X

dnnual oprating hours

Plant capacity, t/h

Ball mill feed size, B0X minus, mm
Bond work index

250
25
1500
10
15000
27

80

39

25
15370

250

5

8

47

945

15.9
200x200
11.0

250

25
1500
10.0
11.0
19.0
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Primary Cyclone overflow size,

B0X minus, um 200
Primary Cyclone overflow density,

% solids 30
Primary Cyclone underflow density,

% seollds 65
Regrind cyclone, overflows size,

BOZ minuz, um 100
Regrind cyclone overflow density,

% solids 30
Regrind cyclone underflow density,

% solids 55

Gravity Section

Operating schedule As milling
Rougher spiral feed denslty,

% solids 30
Cleaner sprial feed denzity,

% solids 30
Table feed density, ¥ solids 20
Overall recovery, ¥ 80

Concentrate Handling Section

Concentrate thickener underflow,

density, X solids 60
Filter cake moisture, % Hp0 15
Dryer discharge molsture, % Hj0 B

Costs for equipment are based on P.C.S5.I.R. report "Study an
Substitution of Imported Minerals and Mineral Based PFroducts (Phase
13", Where no Pakistan prices have been found, Australian costs feor
equipment and consumables have been used.
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A.5.2

Operating Costs
Power

Crusher Section

Ew installed Ev consumed
fripmary Crusher Motor 22 18
Secondary Crusher Motor 50 40
Crusher Screen Motor 3 2
Conveyor and Feeder Motors 40 32
92
Crusher operating time 945 h/year
Thearefore Power Consumed Annually 86.9 HWh
Milling and Grinding Clrcuit
Primary M1ll Hotor 120 96
Primary Cyclone Feed Pump Motox 20 16
Regrind Mill Hotor 50 40
Regrind Cyclone Feed Pump Motor 15 12
Assorted Small MHotors 10 B
Shaking Table Motors &
Tailings Pump Motots 20 16
191
Concentrate Handling Section
Thickener Moter 2 2
Filter Motor
Vacuum Pump T 12 10
Conveyor Motor 5 [
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Milling and gravlty clrcuit operating time

Therefore Power Consumed
Total annual power consumption
Cost of power

Therefore Annual power cost

Consumables

Consumption Annual
Annual

(kg/tonne) Consumption

(tonnes)

Grinding Medla 1.2 18
Maintenance Materials
Summary of Operating Costs
Labour Rs 513000
Pover Rs 399000
Consumables R 183000

1500 hour/year
312.0 Mwh
398.9 Mwh

RS 1.0 Ewh

Rs 399,000

Cost

{R/tonne)

&00

Cost
(Rs000)

108
75

Total Rz 1,095,000 or Rs 73.0 tonne/milled
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Capital Costs

Mechanical Equipment
2

Loading Bin

Belt Feeder

Jaw Crusher

Secondary Cone Crusher

Crushing sizer screen
Fine ore bin

Belt conveyors

Belt feeder
Veighometer

Ball mill

Primary cyclone feed
pump

Hydrocyclone

Automatic sampler

Begrind mill

Regrind cyclone feed
pump

Regrind cyclone

Rougher asplrals

Cleaner spirals

Shaking tables

Concentrate thickener

Concentrate dryer

. Bh .

Capacity 50 tonnes

Capacity 16 t/1

Size 355 x 510 mm

Size 610 mm

Size 914 x 1892 (single desk)
Capacity 25 tonnes

Capaclity 16 t/h

Capacity 10 t/h

Capacity 10 t/h

Size 1830 x 2050 mm

3/2 centrifugal pump
250m

chain drive type
size 1520 x 1830mm

1 1/2 centrifugal pump
200mnm

3 x double round units
3 x double round units
2 x full sized units
Size 4m diameter
Capacity 130 t/day

Total

{Coat Rs 00C

72
50
90
300
40
45
180
40
50

630

40
15
90
50

25
15
180
180
180
25
600

3322



Builldings

Flant building
Workshop
Laboratory

- Office

Capital Cost Summary

Mechanical eguipment
Piping

40°
15°*
157
15¢

ET- A -

. 8% .

100' @ Rs 180/£t2 = Rs 576000
= Rs 93750

25 @ Rs 250/fr2
20° @ Rs 250/fc2
20" @ Rs 250/ft2

Electrical and Instrumentation

Civils

Structural
Buflding
Laboratory Euipment

i

Workshep Equipment, tools, office furnishings

Total direct co

Indirect Cost (25%)

Sub tortal

5t

Contingency (15%)

Total Estlmate

Bs 75000
Rz 75000

Rg B19750

Rs 3322000
Rs 5980000
Rs 664000
Rs 248000
Rs 166000
Rs 820000
Rz 700000
Rz 500000

Rs 7019000
Rs 1755000
Rg 874000
Rs 1316000

Rs 10,090,000



A 5.4
Mannlng

Labour Operating

Plant Superlntendent
Metallurgist
Chemnist
General Foreman
Ships Foreman
Crusher Operators
Mill Operators
Gravity Sectlon {perators
Concentrate Bandling
Cperators
Laboratory Assistants
Sample Preparation
Assisgtants
Labourers
Clerk Typist

Maintenance

Malntenance Englneer
Foreman

Fitters

Electriclan

Labourers

Number Dally Wage

T L T T S |

15

S T

- B8 -

(Rupees)
170

120

a0

100

75

50

50

50

50
45

40
30
40

110
80
50
50
30

Total Daily Wage
{Rupees)
170G
120
a0
100G
75
100
30
50

50
45

40
60
40

Q80

110
80
100
50
120

460
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hdministration'
Accountant 1- 120 120
Clerk 1 40 40
Storekeeper 1 S0 30
Labourer 1 30 an
Chowkidar 1 30 ao
5 270
1710

Total Annual Wages Rs 513000 /y

Over 15000 t/y Rs 34.2 /1
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APPENDTX 6

CASH FLOW PROJECTIONS
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9 Minerals Development Department ¥ Directorate General Mines & Minerals

Government of Khyber Pakhtunkhwa Khyber Pakhtunkhwa
Abdul Wali Khan Complex, 5 Khyber Road, Near Judicial Complex

Civil Secretariat, Peshawar, Khyber Pakhtunkhwa Peshawar, Khyber Pakhtunkhwa
L +92-91- 9223553 t +92-91-9210275
= +92-91-9223551 5 +092-91-9211140
&3 www.kpminerals.gov.pk www.Khyberpakhtunkhwa.gov.pk/Department/Mineral




