FEASIBILITY STUDY FOR THE ANDASH Cu-Au PROJECT,
NORTHERN KYRGYZSTAN
EXECUTIVE SUMMARY
Introduction
Wardell Armstrong International (WAI) was commissioned by Aurum Mining plc (Aurum) to
provide a Feasibility Study for the development of a conventional open pit mining operation
at Andash which is situated in the Talus Valley in northern Kyrgyzstan. Ore treatment will be
by flotation with a surface thickened tailings storage facility. Sale of concentrate will be to an
international smelter.
Much of the background work for this study comes from the results of a positive local
feasibility study undertaken by Andash Mining (the Kyrgyz registered trading arm of Aurum
Mining), which was completed earlier in 2006 and presented to the Kyrgyz authorities.
However, certain aspects of this study are still on-going including additional geotechnical
works over the site of the proposed tailings facility and completion of the environmental
works.
For this document, a number of sub-contractors have been utilised to provide data on
various aspects of the study:
Golder Associates – paste testwork and risk assessment of the EcoService TMF design;
GBM – plant design
Wardell Armstrong – geotechnical and hydrological appraisals; and
Wolfgang Treder – market study.
WAI has undertaken the other sections of the study including geology and mineralisation,
resources, mining, process testwork, environment, costs and financial analysis, as well as
being responsible for the overall study.
The Andash deposit was first discovered in 1962 and extensively explored during the 1970’s
and 80’s by Soviet geologists and later by Ala-Too Gold Company, a subsidiary of
Commonwealth and British Minerals, in 1996-1997. Exploration work identified three main
mineralized zones of which Zone 1 contains the majority of the resource. In addition,
geochemical and geophysical studies outlined a number of other potential targets.
Aurum acquired the Andash property in 2004, and since then has undertaken an aggressive
exploration programme, including an extensive infill drill programme on Zone 1 to the extent
where the majority of the resource is in Measured and Indicated category.
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Location, Access and Infrastructure
Location
The Andash deposit is located on the southern slope of Kyrgyz ridge, lying above the
Karakol river, which is a tributary of the Talas river. The terrain is rugged with elevations
varying from approximately 2,000m in the Karakol valley to 3,200m on the Kyrgyz ridge.
Over the footprint of the deposit, elevations vary from 2,100m to 2,400m.
The deposit lies within the Talas District which is part of the Talas Oblast. Geographical
coordinates for the deposit are 42o30’15” latitude and 72o58’35” longitude.
The climate is typically continental with significant seasonal and diurnal changes in
temperature. Winter extremes may exceed -30oC whilst in summer, highs over 35oC are not
uncommon. The average annual temperature ranges from 2 to 5oC. The annual precipitation
level is approximately 400mm, being most frequent in spring and autumn, whilst stable snow
cover forms in November.
The Karakol river, which lies approximately 2km south of the deposit, provides a reliable
source of water supply within the area. The river flow ranges from 3 to 15m3 per second,
depending on the season.
Access
Transport links to the site are generally good. The nearest village, Kupre-Bazar, some 2.5km
distant, is connected by dirt road, and then a good gravel road (30km), followed by asphalt
road (45km), to the oblast capital town of Talas, and further on to the railway station at
Dzhambul in Kazakhstan (101km).
The deposit is accessible year round from Bishkek by asphalt road via the Susamyr Valley,
over the Otmek and Tiuzashu passes, a total distance of 260km. However, the gravel
section over the Otmek pass is subject to occasional heavy snowfalls which periodically
close the road, although this road is currently being upgraded.
An alternative, but longer route from Bishkek (475km) is via Kara-Balta, Merke and Taraz in
Kazakhstan and then to Talas around the Kyrgyz ridge.
Infrastructure
The project sits astride the Karakol river, with the proposed open pit operation to the north of
the river and the mineral processing plant, tailings impoundment, camp and maintenance
workshops on the southern side of the river. The camp, administration and maintenance
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buildings will be situated to the east of the existing township at Kupre-Bazar, with sufficient
distance to ensure that the operations do not interfere with the daily life of the town. Water
abstraction is located near to the camp and upstream of the town.
Electricity is available at Kupre-Bazar village (10kV) and at a farm within 1km of the deposit.
A main 500kV powerline, as well as a sub-station (500/110/35/10kV), is located within 15km
of the deposit near Taldy-Bulak village.
The existing electrical reticulation is to be extended to the project incomer which will be
situated adjacent to the mineral processing plant.

A high voltage electrical line will be

established to the open pit mine, for lighting, pumps, minor maintenance, the main primary
crushing facilities and conveyors.
The processing plant is the main water consumer with water supplied from a technical water
reserve pond and a water intake located on the Karakol river. The requirement for technical
water is 75.9m3/hr (with operation of a reclaim water system).
The demands of domestic and potable water are 34,197m3/year including 270m3 reserve for
fire fighting needs at the shift camp. The firefighting for reserve of the processing plant will
be stored in the technical water pond.
Underground water from water bores will be used as potable water for the processing plant,
shift camp and vehicle depot.
Staff will be housed in a temporary container type living camp (CTLC) which will be located
on the left bank of Karakol river, 4km to east of Kepure-Bazar village. The camp will consist
of living quarters, kitchen, dining room, laundry, bakery, storage room, medical station and
recreational facilities.
During mining operations, waste will be mined and dumped adjacent to the open pit, along
with low grade ore. The high grade ore will be transported by a combination of trucks and
conveyors from the open pit to the mineral processing plant. The ore will be transported
across the Karakol river by highway-style trucks rather than mining vehicles to minimise
impact. A small river crossing will be established near the camp location, east of the town.
The tailings facility is co-located with the mineral processing plant so that the area of
disturbance is minimised, operational costs are reduced and tailings discharge can be
monitored closely. The tailings will be deposited in a thickened state, which minimises the
need for water abstraction, with approximately half of all tailings water returned to the plant
before solid tails disposal.
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Geology and Mineralisation
The Andash deposit is one of a number of gold-copper occurrences distributed along a
structurally-controlled east-west trending porphyry belt in northwest Kyrgyzstan. The quartzsulphide gold-bearing mineralisation has a strong structural control, and the main Zone 1
mineralisation is separated from Zones 2 and 3, which remain to be properly tested, by the
north-south trending Andash Fault.
The gold-copper mineralisation of Zone 1 is hosted within a cylindrical body of eruptive
breccia, located in the upper part of a granodiorite intrusion. The breccia contains altered
xenoliths of granodiorite and other rocks which have undergone relatively high temperature
hydrothermal-metasomatic changes comprising early minor biotitisation, followed by
chloritisation and potassium feldspathisation. This was followed by later widespread
propylitic alteration with subsequent silicification and sericitisation associated with the early
mineralisation stage.
Within Zone 1, important mineral zonation has been observed. In the central part, mainly
quartz metasomatites with secondary chlorite and carbonate are prevalent, rimmed by
sericite-rich propylites to the west, south and north. To the north, supergene alteration is
encountered with a pyrite-quartz-chlorite-sericite-carbonate paragenesis, the so-called
'whitening zone', where the original rocks are unidentifiable.
Hydrothermal quartz metasomatism appears with the development of fine network of quartz
veinlets and related patchy segregations of sulphide/copper minerals. When combined with
intensive brittle failure, it has resulted in massive development of linear quartz stockworks
with relatively elevated gold and copper grades. Towards the core of the breccia body, the
rock is often completely altered by quartz metasomatites, into elongated auriferous zones,
grading 2-2.5g/t Au and higher copper grades.
From detailed underground sampling, the copper and gold mineralisation appears to be
coincident with the breccia body. There is no evidence of the existence of copper beyond the
breccia, but reportedly some gold has been identified beyond the geological boundaries of
explosive breccia.
Zone 1 is also characterised by numerous post-ore dykes of diorite, syenite and lamprophyre
composition. The main trend is east-west, but others show variable orientation. Dips have
been inferred as steep and thicknesses vary from centimetre scale to >10m. Correctly
modelling these structures as part of the resource estimation procedure has proved difficult
and only the main ones have been confidently delineated.
The morphology of the orebody is relatively simple. At surface, it is oval shaped with a long
axis of 430m and shorter one of 290m. Below adit level, these dimensions are about 280m
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and 180m respectively. The body dips to the east-southeast at 30-35o, slightly shrinking in
dimensions. In vertical cross-sections, it resembles a cup-like shape.
In Zone 1, the main hypogene minerals are native gold and silver, chalcopyrite, pyrite,
molybdenite and magnetite, with minor amounts of hematite, sphalerite and galena. The
main supergene minerals are malachite, limonite group, chalcosine, cuprite, and native
copper, with minor bornite, covellite, psilomelane.
Gold is present in dispersed and native form. The dispersed gold is related to pyrite,
chalcopyrite, chalcosite and quartz.
Resources
The deposit has been explored on two occasions, firstly by North Kyrgyzstan Geological
Expedition (NKGE) during the 1980’s when numerous drillholes (both surface and
underground), trenches and underground development were undertaken, and more recently
by Ala-Too which carried out a 23 hole RC drill programme as well as further trenching
between 1996-97.
North Kyrgyzstan Geological Expedition (NKGE) calculated a global resource for the deposit
(all three mineralised zones) of some 26.3Mt @ 1.22g/t Au and 0.37% Cu using a 0.5g/t Au
cut-off. Their work showed that approximately two thirds of the resource was contained
within Zone 1.
More recent work by Ala-Too concentrated on Zone 1 and provided a resource statement for
this zone only of some 7.2Mt @ 1.58g/t Au at a 1g/t cut-off. Unfortunately, the copper
resource was not calculated at this time.
Between 2004-2006, Aurum Mining completed an infill drilling program on Zone 1 which
comprised 31 NQ and 4 HQ diamond drill holes at various orientations. Completion of this
drilling program has provided an intersection pattern with a 30-50m spacing which has
allowed classification of the majority of the Zone 1 resources into Measured and Indicated
categories.
For the current resource estimation WAI has used an SG of 2.70t/m3 for sulphide
mineralisation and 2.60t/m3 for oxide. These values are based on historic testwork and
recent density determinations. In addition, WAI has used an SG of 2.67t/m3 for the waste
diorite and 2.69t/m3 for the dykes.
A single wireframe based on 0.5g/t Auequ has been constructed for Zone 1. The mineralised
zone interpretation supports previous model interpretation made by Kyrgyz geological team
in their 2006 sectional resource estimation. The wireframe has the shape of an irregular
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cylinder dipping east-southeast at approximately 30°.
The mineralisation is intersected by a series of barren, steeply dipping dykes. Those which
affect mineralisation were wireframed, producing 12 individual dykes wireframes.
Although Decile Analysis showed that the Zone 1 sample population has no obvious outliers
for both gold and copper grades, top-cutting was undertaken at levels of 10g/t Au and 3% Cu
as derived from log probability plots. After the top-cut was applied, the samples were
composited on 2m lengths. These composites were used for experimental semi-variogram
generation. Four experimental semi-variograms were generated including isotropic
(directionless – omni-directional), down-dip, along-strike, and across-strike.
After various checks, the directional semi-variogram models were chosen for the resource
grade interpolation.
The search distances were based on variography and the intersection pattern currently
existing at the deposit. The search distance for a Measured resource category was obtained
using the “⅔ rule” where the search distance was established from the variogram range at ⅔
of the total variance. The search distance for Indicated resources was approximately
doubled. The rest of the deposit was classed in the Inferred category.
The resultant resource classification is based on the anisotropic search distances, quantity
and type of samples used, and on credibility of dyke interpretation.
Six alternative interpolation algorithms and parameters were used for both grades. WAI has
performed a visual check of the model sections against initial composites and also a cross
validation check to choose the optimum grade estimation. The checks were focused on
comparing kriging and inverse power of distance estimators whereas nearest sample
estimator was used for global and local bias checks.
This work concluded that kriging with an anisotropic variogram model and anisotropic search
ellipsoid was the preferred estimation method for the Andash resource model. In addition,
the cross validation showed that both kriging and IPD provide very close estimations.
Considering the above methodology, the primary resources for the Andash Zone 1 model
were evaluated for 1.25g/tAuequ, the results of which are shown in the table below:
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Andash Resource Summary @1.25g/tAuequ COG
Category

Type

Oxide
Measured
Sulphide
Oxide
Indicated
Sulphide
Measured+Indicated
Inferred
Sulphide

Tonnage
(kt)
923
3,160
810
14,305
19,200
379.6

Grade
Au(g/t)
Cu(%)
0.88
0.50
1.21
0.47
0.85
0.43
1.11
0.38
1.10
0.40
0.93
0.25

Metal
Au (kg)
808
3,819
690
15,910
21,120
351.4

Cu (t)
4,638
14,900
3,510
54,260
77,300
950.2

Low grade resources at <1.25g/t Auequ are shown in the table below:
Andash Low Grade Resource Summary <1.25g/tAuequ COG
Category

Type

Oxide
Measured
Sulphide
Oxide
Indicated
Sulphide
Measured+Indicated
Inferred
Sulphide

Tonnage
(kt)
190
100
550
4,900
5,740
400

Grade
Au(g/t)
Cu(%)
0.49
0.21
0.40
0.17
0.50
0.17
0.44
0.14
0.44
0.15
0.43
0.15

Metal
Au (kg)
92
40
280
2,150
2,562
172

Cu (t)
392
177
953
7,108
8,630
600

A grade-tonnage curve for the global Zone 1 resources (Measured+Indicated) is shown
below:
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Mining
Mine Design
The mine design at Andash is based on contemporary mine planning techniques
encompassing an optimised open pit using Lerch Grossman algorithms, with high grade
material mined as early as possible. The resultant design has been configured to allow for
an arterial road along the northeast axis of the ore zone, matching the rugged and steep
terrain. The mine operation, hence design is planned over ten phases, with push backs
designed for equipment access and a balanced stripping ratio for each phase.
The mineable reserves derived from the mine design are as follows:
Mineable Reserves
Ore Type
Tonnes
Au (g/t)
Oxide High Grade
2,073,300
0.79
Sulphide High Grade
12,135,270
1.20
Oxide Low Grade
444,700
0.40
Sulphide Low Grade
1,348,100
0.36
Total
16,001,370
1.05

Cu (%)
0.40
0.43
0.21
0.16
0.40

The mineable reserves include allowance for dilution of 5% (internal and external) and a
mine recovery figure of 97% (ore losses). A cut-off grade of 0.18g/t Au equ has been used in
the study.
The life of mine material movement is 27.38Mt, with waste comprising 11.39Mt. This gives
an overall stripping ratio of 0.8 waste to ore.
As a consequence of the steep terrain and easy accessibility of the ore zone, small scale
predominantly Russian equipment has been selected.

Equipment operational safety,

productivities and costs have been analysed in order that the optimum equipment fleet is in
place at the commencement of the operation.
Mining operations will involve drill and blast of all excavated material, with blast hole
sampling being utilised as part of grade control management, blasts will be surveyed and
laid out for excavation by modern western hydraulic excavators. The equipment fleet sizing
reflects the ore geometry and bench (12m) layout. Excavated material will be segregated by
cut-off grade. High grade ore will be sent to the intermediate ROM, low grade stacked at a
nearby location, with waste material dumped at the waste dump. During the project life,
some Low Grade stockpile ore is retrieved for ROM feed, with the remnant Low Grade ore
stockpile processed in year 9.
Ore will be transported to the mineral processing plant (4km) by a combination of short

WAI/61-0317

8

January 2007

conveyors and highway trucks. This infrastructure allows for lowest cost ore transportation
given the rugged terrain. To ensure that grade control is managed, a large intermediate
ROM is designed at the primary crusher, this has the effect of allowing either a blended or
segregated ore feed to the mill.
Waste will be dumped on a waste dump adjacent to the open pit, with the base of the waste
dump levelled due to the steep terrain and the necessary geotechnical practicalities.
Open Pit Geotechnical Characteristics
Data were collated from available background information sources and field investigations.
The background information includes topographic and geological records from Kyrgyz
Republic sources, and an independent report on seismicity prepared by the British
Geological Survey. The field investigations include site inspections, geotechnical mapping
of surface exposures, and preliminary geotechnical core drilling, logging, and laboratory
testing work carried out in 2006.
Five boreholes were drilled by rotary cored methods across the footprint of the open pit. The
borehole core has been photographed and logged geotechnically, and samples were taken
for laboratory shear strength testing.
The site investigation work was carried out to an agreed specification by Kyrgyz Drilling
Company, a Kyrgyz drilling contractor, and the core logged and sampled for testing by
technical personnel from the Institute of Physics and Mechanics of Rocks in Kyrgyz
Republic. Wardell Armstrong personnel carried out a check surface mapping exercise and
an independent inspection of the drilling operation.
The results were then interpreted by Wardell Armstrong in order to determine the rock mass
characteristics at the open pit mine. The rock mass rating system used for this study was
after Bieniawski (1989); values of RMR89 were derived from the borehole results for the
strata penetrated by the boreholes. The results ranged between poor-fair (northern and
western slopes), to fair (southern slope), and good (eastern slope).
RMR89 values were used to calculate, using standard relationships, the Geological Strength
Index (GSI) of the strata penetrated by boreholes.

The GSI values were then used to

develop an empirical shear strength criterion from which rock mass shear strength values
could be derived. GSI values ranged between poor to good rock after allowance had been
made for comparison with typical published values for similar strata. The rock mass shear
strength values calculated in this manner ranged between values of cohesion (c) between
about 0.10MPa and 1.54MPa, and values of the angle of internal friction (φ) of between 30o
and 58o.
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Potential of failure mechanisms were analysed for this report.

The failure mechanisms

comprised, failure along discontinuity surfaces (toppling, planar and wedge), rock fall, and
rotational failures through the rock mass. The proposed open pit configurations comprise a
maximum overall slope angle of 45o and individual bench angles of 56o; bench heights of
between 10m and 30m and bench widths of between 10m and 16m.
The proposed open pit excavation has been described in terms of a north, south, east and
west excavation face for the purposes of this report. For potential failure mechanisms
involving failure along discontinuity surfaces, the eastern slope is the most stable, and the
northern and southern slopes have the greatest potential for instability. Rock fall analysis
shows that potential failures on individual bench slopes can be contained within the benches
provided appropriate edge control measures are taken.
Potential global slope failures mechanisms were analysed for rotational and two part wedge
failures under static and dynamic (earthquake) loading conditions. The factor of safety for
the northern and western slopes was analysed for the original open pit geometry. The
results showed that the factors of safety under static conditions for both slopes were F>1.5,
which is considered acceptable. Under dynamic conditions, the factor of safety was similarly
acceptable at F>1.3 for the 1 in 100 year return earthquake condition.
For the 1 in 1,000 year return earthquake the factor of safety reduced to F=0.9 for the
northern slope, although for the western slope F>1. The northern slope is non critical in
terms of the programme of excavation, and would only be excavated after several years of
operation. A value of F<1 would not be acceptable in design terms, but there is time to reevaluate the stability of this slope when more information becomes available during
operation. It is considered that the slope design should remain as currently proposed, and
the stability should be reassessed at detailed design stage.
Open Pit Dewatering
The open pit footprint lies across mountain slopes between elevations of about 2,460 and
2,250m. The base of the final pit lies at 2,210m. The open pit design has evolved from a
larger staged excavation, the base of which was at about 2,145m, and the original
hydrogeological report, dated November 2006, relates to this earlier design. An addendum
report, dated November 2006, has been prepared that relates the conclusions of the October
report to the latest open pit geometry.
The report recommendations are based on data collated from available background
information sources and field investigations. The background information includes climatic,
hydrological, topographical and geological records from Kyrgyz Republic sources. The field
investigations include site inspections and preliminary site investigation drilling, in situ testing
and laboratory testing work carried out in 2006.
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hydrogeological characteristics of the open pit and its immediate surroundings.
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One

borehole drilled by rotary open hole methods across the footprint of the open pit was used
for carrying out a pump test. Observation boreholes were drilled to monitor water levels
during the pump test.
The site investigation work was carried out to an agreed specification by Kyrgyz Drilling
Company. Wardell Armstrong personnel carried out an independent inspection of the drilling
and testing operation.
The results were then interpreted by Wardell Armstrong in order to determine the aquifer
characteristics for the original open pit mine configuration.

The following parameters

characterise the conceptual model of the aquifer at the open pit:
•

Unconfined aquifer in fissured granitoid rocks;

•

Groundwater movement by fissure flow;

•

Variable hydraulic gradient, averaging 0.118 over the upgradient portion of the open
pit;

•

Transmissivity between 2-4m2/day;

•

Storage coefficient is 0.0001; and

•

Groundwater chemistry – no particular contaminant issues.

Numerical hydrogeological assessments were undertaken to investigate the efficiency of
dewatering and the potential impact on a dewatering operation.
Five different dewatering scenarios at the open pit were analysed. The objective of the
dewatering was to draw down the water table behind the slopes in order to promote slope
stability and provide a dry excavation.

The conceptual modelling showed that borehole

dewatering from outside the open pit would not be possible.
The optimum scenario required dewatering from a combination of pump wells peripheral to
the open pit and sump pumping from the excavation itself. For the original open pit design,
the most viable dewatering approach comprised 25 boreholes sunk to about 200m depth,
and pumping at 2l/s. A period of about 70 days would be needed to achieve the required
drawdown, necessitating pumping of a calculated amount of about 315,000m3 of water.
These estimated quantities should be regarded as indicative only at this stage due to the
preliminary nature of the investigations. In practice, dewatering is likely to be achieved in a
staged manner as the open pit is deepened. Factors such as the anisotropic nature of
fissured aquifers will mean that a flexible approach will be needed to the siting of dewatering
wells and the timing of the pumping operations.
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Given that the revised open pit configuration results in a smaller excavation, the above
conclusions can be considered as a worst case scenario.
The impact of the open pit dewatering operation is likely to be confined to the immediate
vicinity of the open pit; flows will impact on surface water creeks nearby, but flow in the main
Karakol River is unlikely to be impacted to any significant extent. The nearest abstraction
points would not be impacted by dewatering operations.
Processing
Testwork
Programmes of laboratory testwork were undertaken on samples of Andash mineralisation at
WAI laboratories throughout 2005 and 2006.
Two tonnes of split drill core were supplied for the testwork programme.

The samples

arrived at WAI Laboratories in July 2005 and originated from four bore holes, TX-1, TX-2,
TX3 and TX4. A total of 614 samples was submitted.
The WAI testwork programme demonstrated that saleable grades of copper concentrate can
be produced from both Oxide and Sulphide Ore Types. It was found that the processing
characteristics of the Andash Sulphide mineralisation varied considerably throughout the
orebody, with more favourable metallurgical results being obtained within the more centrally
located TX-2 and TX-3 core samples.
The copper mineralisation in both ore types was extremely varied and consisted of
chalcopyrite, bormite, chalcocite, covellite, malachite, native copper, copper oxides and
copper-iron oxides.
Flotation testwork on a Master Oxide Composite Sample gave copper and gold recoveries of
43.3% and 65.9% respectively to a copper concentrate assaying 22.5% Cu and 60.2 ppm
Au.
Flotation testwork on a Master Sulphide Composite Sample gave copper and gold
recoveries of 65.7% and 73.6% respectively to a copper concentrate assaying 23.3% Cu
and 73.9 ppm Au. Separate oxide and sulphide flotation stages were required when treating
the Sulphide ores.
It was found that recoveries increased with decrease in primary grind size and a moderately
fine grind size of 80% passing 50 microns was selected for the Sulphide ore with a regrind of
rougher concentrate to 80% passing 20 microns.

The Oxide ores can be treated at a

primary grind size of 80% passing 60 microns.
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The Andash Oxide and Sulphide samples showed only limited amenability to gravity
processing, with low to moderate recoveries and generally low concentrate grades.
It was found that gold recoveries could be increased to over 95% by cyanidation of the
flotation tailings. However, the cyanide consumptions were high due to elevated levels of
cyanide soluble copper minerals, and therefore this flowsheet option was not considered.
The copper concentrates produced in the flotation testwork programme were generally clean
and free from deleterious elements.
Plant Design
Work by GBM has established that the ore from Andash be processed using three stage
crushing, ball milling, gravity concentration and flotation of the sulphide and oxide minerals
sequentially to recover gold and copper into a combined sulphide/oxide concentrate
assaying 22.3% copper and 81.8g/t gold. This concentrate will be shipped to a smelter for
further treatment. The head grade of the ore will be 0.4% copper and 1.3g/t gold and it is
estimated that the recovery of copper and gold will be 63.5% and 71.7% respectively. The
plant has been designed to treat 2Mt per annum.

The flotation tailings will be partially

dewatered and stored as paste.
GBM has considered two scenarios, the first, using second hand equipment for the major
equipment, and the second employing all new equipment. It has been estimated that the
total capital cost and other costs, including first fill and spares will be US$24.5M for the
second hand option and US$31.2M for the all new equipment plant. At full production, the
operating cost of the process plant is estimated to be US$9.852M per annum or US$4.79
per tonne milled.
At a production rate of 2Mt tonnes per annum, 14 supervisors and technical staff and 85
operators, labourers, security staff and laboratory personnel will be required to operate,
maintain and support the process plant. It assumed that all these posts will be filled by local
personnel but it is possible that, initially, two expatriates will be required as instructors to
train operating and maintenance personnel.
The proposed schedule for the engineering, procurement and construction period is
estimated to be 19 months to mechanical completion, including commissioning.
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Tailings Management Facility
Tailings Rheology
Golder Paste Technology Ltd (PasteTec) has been retained by Golder Associates UK Ltd
(Golder UK) on behalf of Wardell Armstrong International (WAI) to undertake a feasibility
level study into the preparation and transportation of a dewatered tailings slurry.
Two dewatering options were considered within the report, namely; a thickened tailings; and
a paste. The application of paste or thickened tailings is being considered with a view to
eliminating the requirement for a basal liner within the Tailing Management Facility (TMF), by
taking advantage of the lower permeability of the placed material.
To develop both options a suite of testing was undertaken on a sample of the Andash
tailings.

Testing included index rheology testing, sedimentation test work and pipe flow

analysis.

The index rheology testing was completed by Golder UK and by the British

Geological Society (BGS), and comprised the determination of:
•

Specific gravity;

•

Particle size distribution;

•

Yield stress v solids content (using a 50c Rheometer); and

•

Bleed water release.

The index rheology testing indicated that the tailings were suitable for the preparation of a
paste or thickened tailings, and that only limited bleed water would be released upon
deposition.
The sedimentation test work was completed by Dorr Oliver Eimco (DOE), and included
further PSD analysis, flocculent screening, static racked cylinder tests, and the determination
of the yield stress versus flocculated solids content relationship.

The test work broadly

supported the index rheology testing and predicted thickener underflows of 66 and 70 wt%
solids from a high compression thickener and a deep cone thickener respectively.
The pipe flow assessment work was undertaken by the BHR Group (BHR) to determine the
expected pressure losses when pumping the dewatered tailings slurry to the disposal facility.
From the results, pressure losses of 539pa/m and 1500pa/m were estimated for the
thickened tailings and paste options when pumped through an 8” schedule 40 pipeline.
The two plant options are similar in design, differing in the equipment used to dewater the
tailings and the subsequently the pumping arrangement used for transportation.

The

thickened tailings option comprises a high compression thickener, capable of preparing at 66
wt% solids underflow. This is then moved to the TMF by 4 centrifugal pumps operating in
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series to develop sufficient discharge pressure. The paste preparation option requires a
paste thickener, and for the purpose of this study a deep cone thickener (DCT) was
selected. The sedimentation work predicted an underflow of 70 – 72 wt% solids, which,
coupled with the pipe flow assessment predictions for pressure loss at that concentration,
requires a positive displacement pump.
As discussed above, an 8” schedule 40 pipeline is assumed sufficient for both options. The
climatic conditions at the site demand that special measures be taken to ensure the
operation of the pipeline during the winter months where temperature of -30°C can occur. A
pre-insulated and heat traced pipeline has been included in the cost estimate, and as such
represents a significant capital cost.
The distribution system requires a single pipeline from the plant to the TMF, from where two
perimeter lines run in opposite directions around the facility. This layout allows for spigoting
of the material, offering the opportunity to rotate the discharge points to achieve thin layer
placement with good desiccation.

Such a system will minimize the permeability of the

tailings in order to eliminate the basal liner.
The deposition strategy within the TMF is discussed conceptually within the report. A more
detailed assessment of the disposal options and their potential benefits will be required to
determine the final disposal strategy.
Cost estimates inclusive of EPCM, have been prepared to an accuracy of ±15%, and are
reported below.

Capital Cost
($USD)

Operating Cost
($USD)

Annual
Operating Cost
($USD)

Thickened
Tailings Plant

$5.52 million

$0.23/t tailings

$458 thousand

Paste Plant

$10.1 million

$0.22/t tailings

$439 thousand

A Net Present Cost analysis (NPC) was performed and is a measure of the cost, in terms of
today’s dollars, of the capital and operating costs for the life of mine. The NPC’s were
calculated at a discount rate of 5%, 8% and 10% given a life of mine of five years, and are
reported below.

Discount Rate
5%
8%
10%

Thickened
Tailings Plant
$7.6 million
$7.2 million
$7.1 million

Paste Plant
$11.7 million
$11.3 million
$11.1 million

As can be seen above, the NPC cost variation between the two plant options is less than
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$2M after five years of operation at all discount rates. Consideration must however be given
to potential cost saving at the TMF. As highlighted above, only a conceptual discussion is
included within the report regarding the disposal strategy for dewatered tailings in the TMF.
Consequently no assessment has been made as to the optimization of the tailings facility
and the cost saving that could be realized. Both options provide the facility to achieve
positive stacking angles, offering the potential to reduce the TMF footprint and the required
dam rockfill volumes. The disposal of paste optimizes this, and would potentially provide
cost savings over a thickened tailings option which far exceed the $2M saving reported
above.
TMF Design
Andash Mining examined numerous alternatives for the placement of the Tailings
Management Facility (TMF). A location was chosen (TMF-3) on the southern side of the
Karakol River, some 4km east of Kupre-Bazar village. The process plant will be above and
adjacent to the TMF.
The structure of the tailings empoundment has been designed for thickened flotation tailings
and follows contemporary western practice and will be constructed in accordance with local
Kyrgyzstan mining legislation SNip KR 11-03-2002.
The main parameters of the tailings design are as follows.
•

Mine life – 8.5 years;

•

Processing plant operation – 365 days;

•

Annual ore production – 2Mt;

•

The design volume of tailings dam is 10,000,000m3;

•

Tailings empoundment covers a closed basin with bottom collector drainage system
with permanent water diversion;

•

The dam is constructed of soil material, staged build (three construction phases) with
a counter-filtration screen on the top (wet) slope and in the bowl for the initial
construction phase;

•

A hill-type water diversion channel; and

•

Piezometer bore holes for control of filtration through the dam body and inclinometers
for control over horizontal and vertical deformations of the dams.

The topography and lithology of the site will allow an increase of the volume to
14,000,000m3 and even to 25,000,000m3 by the construction of a second dam.
The TMF is formed by two protection dams - Dam # 1 and Dam # 2. The calculated height of
main Dam # 1 is 60m, with a dam crest 340m long at a level of 2,150m. The Dam # 1 fill
volume 1 is 1,749,990m3. The calculated height of Dam # 2 is approximately 30m, with a
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250m crest at a height of 2150m.
Hydrology
WAI has assessed in a qualitative manner the potential impacts of the proposed TMF-3 on
the local and regional water resources.

The report is based on currently available

information which does not include any groundwater information.
It should be noted that the unsaturated layers may become saturated with water due to
continuous infiltration from the saturated tailings. Therefore, it is expected that the present
hydrogeological setting, including groundwater level, depth to water table from ground
surface, and hydraulic gradient, will change over the period of operation of the tailings
facility. The evolution of groundwater resources beneath and around the TMF-3 site can be
accurately predicted using numerical models. This assessment should be carried out to
make an accurate assessment of the impact of the TMF-3 on water resources in the area.
Potential hazards were considered to be (1) possible rise in groundwater level between
TMF-3 and river and (2) deterioration of water quality downgradient of the TMF-3 location.
The main potential receptors of hazards are groundwater beneath the site, the Karakol
River, and water abstraction points for public supply. The pathways are water flow and
contaminant migration through surface water stream and the dam seepage, or vertical flow
and migration through the unsaturated zone towards the water table then downgradient to
the abstraction points and the Karakol River.
A quantitative assessment will be needed to assess the risk of groundwater contamination
beneath TMF-3 bearing in mind the absence of a liner, although the impact is thought to be
minimal as paste tailings are to be used.
Installation of a drainage system to collect water of the springs beneath TMF-3 is
recommended to avoid flow of water and contaminant migration by surface channels.
Operating and Capital Costs
Operating Costs
The total operating costs for the mining operation when excavating 2Mtpa of ore has been
estimated at US$1.09, with waste mining during this period estimated at US$1.11 per tonne.
A summary of these costs is shown in the table below.
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Summary of Mine Operating Costs
Description
US$/year
US$/tonne milled
Drill and Blast (Ore)
586,000
0.29
Excavation (Ore)
430,000
0.22
Haulage (Ore to ROM)
746,000
0.32
Maintenance
424,000
0.21
Total Ore
4,305,000
1.09
Drill and Blast (Waste)
852,000
0.22
Excavation (Waste)
680,000
0.18
Haulage (Waste to Dump)
2,120,000
0.55
Maintenance
652,000
0.17
Total Waste
4,305,000
1.11
The total operating cost for the process plant when treating 2Mtpa of ore has been estimated
to be US$9.793M annually or US$4.90 per tonne milled. A summary of these costs is given
below:
Summary of Process Plant Operating Costs
Description
US$/year
US$/tonne milled
Manpower
856,680
0.43
Consumables
7,609,252
3.80
Electrical power
1,327,769
0.66
Thickened Tailings
487,000
0.24
Total
9,793,701
5.14
An estimate of the project General and Administrative costs, inclusive of Tailings
Impoundment Management is US$2.75 per tonne of ore mined.
Capital Costs
The mine capital requirements are based on utilising Russian made equipment where
possible, with the main excavation units being Caterpillar or FSU similar. The truck fleet is
based on Belaz 40t vehicles due to the rugged and steep terrain, length of downhill hauls,
phased mining from different benches and in different locations in the pit. In addition, the
necessity to dump waste in a more controlled manner required a flexibility in material
movement. The total capital cost for the mine equipment is US$4.754M.
The capital cost for the plant using second hand equipment is US$25.025M. This estimated
price has been assembled utilising as much refurbished/used plant equipment as possible in
an attempt to minimise the cost.
The cost of the second hand mill was obtained from Nelson Machinery, the mill has an 8Mw
motor which is oversized for the Andash requirements. The mill is still installed on site in
Norway and the sum of $1.0M to dismantle, transport to site and reinstall the mill has been
included in the estimate.
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The flotation cells, both rougher and cleaners, were refurbished units obtained from the
second hand equipment dealers, New Concept Projects and D’Angelo International.
The prices for refurbished Apron Feeder, Jaw Crusher and Regrind Mill were obtained from
New Concept Projects. The cone crushers were refurbished units available from D’Angelo.
The costs of smaller items of equipment were based on information from recent similar
projects on GBM’s database.
The other capital item capital costs such as the dam construction, thickened tailings plant
and equipment were supplied by Golders UK and by local consultants using Russian cost
estimations.
Financial Analysis
The project economic model is based on excavation of 16Mt of ore over an 8 year mine life,
with ore treatment for 9 years. The initial capital expenditure is US$55.4M, with sustaining
capital for major maintenance and tailings dam expansion of US$9.9M. Life of Mine average
operating costs are US$9.6 per tonne of ore processed.
A discounted cash flow technique has been used to model the net revenue, operating profit,
capital expenditure, tax, and royalty terms.
The project value, based on a 15% discount rate, is US$36.5M, with an IRR of 36.9%.
The project payback period is 3.46 years, with life of mine cash cost Aueq of US$223/oz.
Gold equivalent prices are as per the stated metal prices used in the attendant study
economic model.

These are phased over time, but are nominally US$525/oz Gold,

US$4000/t Copper.
The project revenues are split evenly between gold and copper, with the project sensitive to
several parameters which are tabled below.
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% Change

-20

NPV US$M
IRR %

28.9
31.7

NPV US$M
IRR %

19
26.8

NPV US$M
IRR %

22.2
27.8

NPV US$M
IRR %

19.2
26.8

NPV US$M

78

NPV US$M
IRR %

58.9
49

NPV US$M
IRR %

54.1
53.1

NPV US$M
IRR %

28.9
31.6

NPV US$M
IRR %

19
26.8

Sensitivity Analysis
-10
Recovery Cu
35.7
35.6
Recovery Au
30.8
33.4
Copper Price
32.3
33.6
Gold Price
30.8
33.4
Discount Rate
58.1
Operating Costs
50.7
44.3
Capital Costs
48.3
45.7
Copper Grade
35.7
35.6
Gold Grade
30.8
33.4

+10

+20

49.3
43.8

56
48.1

54.2
45.7

65.9
51.7

53.1
45.9

63.7
52.3

54.2
45.7

65.9
51.6

42.5

30.1

32.3
35

26
30.3

36.7
34.6

30.9
30.3

49.3
43.8

56
48.1

54.2
45.7

65.9
51.7

Environmental
The WAI assessment of potential impacts from the Andash project has been undertaken
based on site visits and data review. WAI has reviewed baseline data for the deposit, and
the scoping of potential impacts has been based on these data, and on the information
provided in the Kyrgyz Feasibility Study.

The data and the impacts included in this

document are based on information submitted to the Kyrgyz State authorities in the OVOS
(Kyrgyz EIA equivalent) earlier in 2006.
There have been various changes to the final project description and process route over and
above that described in the July 2006 OVOS. This may require an amendment to the OVOS
submission. The full bankable ESIA document will be submitted shortly to allow time to study
the potential impacts of the latest project design described in this report.
Consequently, at this stage, all potential impacts should be considered as indicative, and
may be subject to change once the project and process design are finalised, and once any
more recent data reflecting these changes are received.
Kazakhstan and Kyrgyzstan acceded to the ESPOO EIA convention in 2001. As a result, a
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trans-boundary EIA pilot project was initiated in January 2006. The project will be funded
with support from the Government of Norway and managed by the OSCE and UNECE in
cooperation with the State Agency on Environmental Protection and Forestry of the Kyrgyz
Republic.
Whilst the pilot project was initiated originally on the Jerooy Mine, recent events at the mine
have shifted the focus of attention to Andash as an ideal alternative. Continuing consultation
with both parties will be essential in addressing any potential trans-boundary impacts, and in
ensuring that these are also acceptable to the respective State authorities. This will be
critical in ensuring a successful progression for the project.
The indicative potential project impacts are as follows:
•

Air Quality - there is potential for derogation of air quality due to gases formed during
blasting, and through release of mineralised particulate dusts from operations, and the
tailings surface.

Mitigation measures, such as ‘spaced’ blasting, and water for dust

suppression have been proposed. Similarly filtration and scrubber systems are planned
to suppress vehicle emissions and plant equipment.

On going monitoring will be

required to assess the success of these measures.

Similarly dust models will be

required to look at the potential area of influence of windblown dusts, particularly for the
TMF, and their potential to cause localised contamination.
•

Soils & Land Use - there will some loss of lands as a result of proposed operations.
However, given the relative homogeneity of lands in the project area, and the
implementation of appropriate land compensation agreements, it is not considered that
this will have a significant impact.

Compensation will be especially important for

agricultural lands lost. At closure, provided adequate rehabilitation and revegetation has
taken place, it is likely that lands can be restored to their former use.
There is some potential for degradation as a result of operational spills, deposition of
contaminated dusts, and leaching via surface water runoffs. On going monitoring will be
required to assess the nature of this, and at closure it will be important to ensure that all
affected lands are rehabilitated appropriately.
•

Surface and Groundwater - based on the information reviewed to date, no significant
impacts are expected on either surface or groundwater supplies. Nonetheless, given the
elevation of the upper reaches of the Uzun-Bulak stream, relative to the open pit,
pumping of the pit is likely to result in reduction of flow in the stream, and subsequent
drying up of local springs.
It is not currently envisaged to line the base of the Tailings Management Facility (TMF)
and there may therefore be potential for contamination of groundwater via downward
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percolation of tailings water. Further hydrogeological, and geotechnical testwork will be
required to assess the permeability of the proposed TMF base.
The proposed sewage treatment systems, and the proposed water treatment plant
should ensure that discharge water meets appropriate water quality standards.
ABA testwork seems to indicate that ore and waste rock will not be acid generating and
therefore will not have the potential to cause Acid Rock Drainage (ARD). Surface water
runoff from waste and ore stockpiles will nonetheless result in an increase in suspended
solids in runoff water, and collection and clarification treatments will be required, before
these waters can be discharged. The proposed water treatment system is planned to
work via the mechanical means of settlement and filtration, and it is not clear how
hydrocarbons will be removed from treated water prior to discharge.
Where possible it is planned to recycle waters, and to minimise discharge to the natural
environment.
Given the location of the project above important permanent surface water features (the
Karakol River and the Talas River) it will be essential to implement effective spill
prevention, and emergency response procedures, to avoid any potential impacts to these
surface water features.
•

Flora and Fauna - as a result of land take from the project, there will be some local
habitat disturbance, and some vegetation cover will be lost. However, it is thought that
the availability of similar habitats in the local area, coupled with the adaptability of most
of the faunal species encountered will not result in a significant impact to resident fauna.
Clearly it will be important to ensure that the increased population does not result in
increased hunting and poaching, especially with regard to Red Book species
encountered on site.
With regard to vegetation, the project area does not represent any rare or specially
protected communities, and given the similar vegetation in the surrounding areas, the
impact of lands lost is thought to be minimal.
There is a potential impact on hydrofaunal communities as a result of water extraction,
and potential draw down due to pumping in the open pit.

On going monitoring will

required to identify any potential impacts on hydrofauna.
•

Social Impacts - it is believed that the overall impact of the project on the local
community will be positive. There is potential for changes to the traditional community
structure of the village, increases in the population, and increases in crime, alcoholism
and prostitution. There will also be an increase in local investment, an improvement in
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local services, and the provision of training for local people, and a resultant increase in
local employment. Overall, there is also likely to be a positive effect on the local
economy.
It is believed that by employing a variety of mitigation measures such as employing
women in skilled and administrative roles, to address potential demographic changes,
providing cultural inductions for new workers, recruiting locally, and putting together
community development plans and a local business forum, potential negative impacts
can be addressed. The company also plans to assist vulnerable community groups.
Nonetheless, public perception and understanding is key to successful project
development and it will vital, through public consultations and local discussion forum,
that project affected peoples, both in Kepure Bazar, and also across the border in
Kazakhstan, are kept appraised of project developments, and given the opportunity to
voice their opinions, which should influence the project development.
It should be noted that as a result of initial public consultations in Kepure-Bazar, initial
antagonism towards the project is gradually being eroded, as affected parties are being
made aware of project plans, and are being given the opportunity to ask questions, and
have unfounded fears allayed. This policy of transparency and communication must
continue to avoid any local opposition, and it will be important to ensure that these
communication channels remain open.

Ongoing public consultation will also form a

fundamental part of the continuance of the ESIA process.
Consequently, information received and reviewed to date seems to indicate that no
significant negative impacts will be expected as a result of project development. The ESIA
and risk assessments can now be finalised and framework plans will be developed for Mine
Closure and Rehabilitation (MCRP), Occupational Health and Safety (OHSP), Environmental
Management (EMP) and Community Development (CDP).
Market Study
A preliminary market study for the Andash concentrates has been undertaken by Wolfgang
Treder, an independent German consultant.
The quality of the Andash concentrates can be considered as clean concentrates and thus
should be acceptable to the majority of custom smelters. The only limiting factors are a) the
initial production resulting from oxide ore with the very low sulphur content and b) the high
SiO2 content, but both problems could be overcome by dealing with larger smelters having
sufficient blending possibilities. A further factor will be the high gold content, as some
smelters will either not have the corresponding technical recovery capabilities or their gold
payment might be limited due to regulations imposed by authorizations or banking system.
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During the period August/September 2006 smelters in Central Asia and in Europe were
contacted with preliminary results as described below.
Whilst no feedback from Almalyk and Sredneuralsk was obtained, Balkhash confirmed that
the quality is acceptable and that there is ‘certain interest for further discussion’. However,
during earlier contacts, Aurum Mining established that all four smelters would not provide for
competitive metal recoveries (especially for gold). This will make sales to more distant
smelters more attractive, despite the higher freight charges (e.g. West European smelters).
The Baiyin smelter in China considers the Andash quality as a special concentrate due to its
high gold and silica content and showed keen interest in a long term supply.
Aurum also has to consider whether off-take contracts with certain smelters will be
considered as ‘bankable’ by the lenders to the project. Of the above group probably
Kazakhmys (Balkhash) as a London based and financially sound company, will be
acceptable.
Several large European custom smelters including Harjavalta/Rönnskar (Finland/Sweden)
run by Boliden Group, NA (Germany); Norddeutsche Affinerie AG, and Pirdop (Bulgaria);
Cumerio were contacted and they were are all interested in further discussing and entering
into a long term agreement.
The recovery rates for the payable metals are more or less standard at European smelters
and the following figures can be applied:
Cu:
Au:
Ag:

96.5% (minimum deduction 1 unit)
97 – 97,5% (minimum deduction 1.0 g/dmt)
95% (minimum deduction 30.0 g/dmt)

However, the treatment and refining charges, price participation as well as refining charges
for gold and silver can only be discussed when entering into substantive discussions.
Japanese smelters may also in a position to offer competitive recovery rates for Au, but have
not yet been contacted.
As far as contract type is concerned, in view of the remote location of the mine in Central
Asia and the necessity to arrange for constant delivery flow as well as taking into account
the projected production volume and the fact that the concentrates will have a high gold
content, Aurum would be advised to sell its production under one or two long term
agreements, ensuring off take stability and lower Treatment and Refining Charge volatility.
However, based on this market study, the following average terms, based on 2006 $ could
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be used for the financial modeling:
•

Treatment Charge: $85-90/dmt;

•

Refining Charge for Payable Cu: 8.5–9.0c/lb; escalated appropriately for LME price
(nominally 15c at US$4000) and

•

Price Participation (PP) of 10% above 120c/lb, with a cap of 6c/lb, and below 90c/lb
with a floor of 3c/lb, with a neutral zone between 90-120c/lb. The exceptions to this
are West European smelters which historically did not accept negative PP.

An analysis of freight costs has also been undertaken using data obtained from Globalink
Logistics Group which provides transport services and is well represented in the area. The
rates do not include custom clearance charges, taxed and duties etc.
FOT TALAS TO:
FOB Hamburg
FOR Balkash
FOR Dzhezkazgan
FOR Sverdlovsk-Tovarniy
FOR Harjavalta
FOR Baiyin

US$/CONTAINER
3,612
2,160
2,300
3,166
3,660
2,872

US/$/DMT *
195
117
124
171
198
155

* assuming 20t / container and moisture of 8%
In summary, the transport of concentrates is one of the risk areas for the Andash project,
and further study will be required to optimize this important aspect of the project.
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Aurum Mining, Andash Zone 1 : Indicative Economic Viability : Valuation
Year
Project Year
Production

Parameter

0
0

1
1

500,108
27,335
527,443
1,604,907
0.71
0.39
0.60
0.29
11,967
66%
74%
43%
66%
7,927

538,755
1,436,867
1,975,622
2,133,868
0.76
0.41
0.82
0.38
51,227
66%
74%
43%
66%
36,689

Gold Price
Copper Price
Copper / Gold Value Revenue NSR ($/t of Ore)
Copper Gross Revenue ($)

550
6,480
20.17
10,639,228

550
5,730
20.48
40,459,313

Net Revenue

10,639,228

40,459,313

1.09
1.11
5.14
2.55
0.20

577,417
1,785,920
2,711,057
1,346,493
106,270

2,162,807
2,374,542
10,154,698
5,043,506
398,051

10.10

6,527,158

20,133,604

257

221

4,112,070

20,325,709

-1,935,000
-3,875,500
-846,400

-879,000

Open Pit Mining
Ore (t) : Oxide Ore
Ore (t) : Sulphide Ore
Total Ore (t)
Waste (t)
Oxide Gold (g/t)
Oxide Copper %
Sulphide Gold (g/t)
Sulphide Copper %
Contained Gold (oz)
Gold Recovery Oxide (%)
Gold Recovery Sulphide (%)
Copper Recovery (%) Oxide
Copper Recovery (%) Sulphide
Gold Recovered (oz '000)

0.66
0.74
0.43
0.66

Revenue (USD$ '000)

Operating Costs
Mining (Ore)
Mining (Waste)
Mineral Processing
G&A
Environmental (TFM)
Averaged Operating Cost (USD$/t)
LOM Operating Cost (USD$/t)
Cash Operating Cost Au eq
OPERATING PROFIT

9.6

Capital Cost (USD '000)
Detailed Engineering, Permits, Site Establishment
Mine Equipment
Pre-Production Development

Process Plant (EPCM,Comminution, Ore Handling)
Tailings Storage Plant (inc. Paste Tailings Plant)
Infrastructure
Working Capital
Contingency
Closure
Sustaining Capital
Total Capital Costs

-22,791,268
-7,363,468
-12,278,020
-1,350,000
-5,043,966
-250,000
-55,483,622

-1,129,000

Pre Tax Cash Flow ('000)
Cummulative Pre Tex Cash Flow ('000)

-51,371,551
-51,371,551

19,196,709
-32,174,842

Discounted Cash Flow
Tax calculations
Loss to carry forward

-51,371,551

-32,174,842

Royalty payable

1

3%

-51,371,551.1

Misc Taxes on 50% Revenue
Swing year
Income Tax payable
Income Tax payable
Net income after Tax and Royalty
Net cash flow
Cummulative Cash Flow - Post Tax
Discount factor
Discounted cash flow
Net Present value

0.95%

0

10%

-51,371,551
-51,371,551
-51,371,551

15

1.0000
-51,371,551
36,447,819

319,177
18,877,532
50,536
18,826,996
18,826,996
-32,544,555
0.8696
16,371,301

2
2

3
3

4
4

5
5

6
6

7
7

32,473
1,967,527
2,000,000
2,418,574
0.89
0.42
1.05
0.43
67,150
66%
74%
43%
66%
49,351

349,963
1,650,037
2,000,000
855,679
0.95
0.46
1.23
0.47
75,971
66%
74%
43%
66%
55,090

141,823
1,858,177
2,000,000
890,685
0.94
0.49
1.55
0.51
97,008
66%
74%
43%
66%
71,069

237,061
1,762,939
2,000,000
2,154,905
0.74
0.31
1.34
0.42
81,516
66%
74%
43%
66%
59,559

44,597
1,955,403
2,000,000
1,050,942
0.72
0.35
1.23
0.42
78,501
66%
74%
43%
66%
57,697

228,526
1,771,474
2,000,000
277,127
0.73
0.35
1.06
0.35
65,547
66%
74%
43%
66%
47,832

525
4,981
22.80
45,602,191

525
4,077
22.83
45,657,805

525
4,077
26.84
53,690,000

525
4,077
22.68
45,357,318

525
4,077
22.83
45,657,963

525
4,077
18.68
37,368,208

45,602,191

45,657,805

53,690,000

45,357,318

45,657,963

37,368,208

2,189,494
2,691,359
10,279,998
5,105,738
402,963

2,189,495
952,189
10,280,000
5,105,739
402,963

2,189,495
991,143
10,280,000
5,105,739
402,963

2,189,495
2,397,951
10,280,000
5,105,739
402,963

2,189,495
1,169,475
10,280,000
5,105,739
402,963

2,189,495
308,383
10,280,000
5,105,739
402,963

20,669,551

18,930,386

18,969,340

20,376,148

19,147,672

18,286,580

201

182

154

200

190

218

24,932,640

26,727,419

34,720,660

24,981,170

26,510,291

19,081,628

-1,750,000

-

-1,750,000

-1,750,000

-500,000

-500,000

-500,000

-500,000

-500,000

-500,000

-2,250,000

-500,000

-2,250,000

-500,000

-2,250,000

-500,000

22,682,640
-9,492,203

26,227,419
16,735,217

32,470,660
49,205,877

24,481,170
73,687,047

24,260,291
97,947,338

18,581,628
116,528,966

-9,492,203

16,735,217

49,205,877

73,687,047

97,947,338

116,528,966

1,213,779 21,468,860
192,182 21,276,679
21,276,679
-11,267,877

1,368,066 24,859,354
216,610 1
1
24,642,743
24,642,743
13,374,866

1,360,720 22,899,572
215,447 1
2,448,117
2,448,117 20,236,008
20,236,008
82,189,780

1,369,739
17,211,889
216,875
1
2,426,029
2,426,029
14,568,985
14,568,985
96,758,765

0.7561
16,088,226

0.6575
16,203,004

1,369,734 - 1,610,700 31,100,926
22,870,470
216,875 255,027 1
1
2,622,742
3,247,066
1,673,522 - 3,247,066 29,210,530
19,368,377
29,210,530
19,368,377
42,585,396
61,953,772
0.5718
16,701,215

0.4972
9,629,506

0.4323
8,748,584

0.3759
5,477,021

8
8

9
9

10
10

749,149
749,149
1,498,298
0
0.37
0.18
0.37
0.18
17,823
66%
74%
43%
66%
12,432

Total

2,822,455
16,001,363
11,386,687

397,647

525
4,077
7.47
11,197,670

335,629,697

11,197,670

335,629,697

492,077

0

7,701,251
1,912,479
301,879

0
0
0

16,369,270
12,670,963
82,247,004
38,936,911
3,223,979

10,407,687

0

153,448,126

385
789,983

223
0

182,181,571

-1,935,000.0
-4,754,500.0
-846,400.0

-1,150,000

-

-

-500,000

-1,000
0

-1,650,000

-1,000

-860,017
115,668,949

0
115,668,949

-1,000
115,667,949

115,668,949

115,668,949

115,667,949

1,121,046
1,981,063
177,499
1
1,858,163
1,858,163
-4,016,725
-4,016,725
92,742,040
0.3269
-1,313,075

-

335,930
335,930 53,189
1
86,002
86,002
-303,117
-303,117
92,438,922
0.2843
-86,165

1,000
1
-1,000
-1,000
92,437,922
0.2472
-247

-22,791,268.0
-13,763,468.0
-12,278,019.9
-1,350,000.0
-5,043,965.6
-1,000.0
-3,500,000.0
-66,263,621.5
-10,780,000
115,667,949.1

